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| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

15/868,219 9972381 2825 96823

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 68256 on 10/01/2019 via Private PAIR in view of
the certification copied below that authorized the change.

* Correspondence Address

The address for Customer Number 68256 is:
68256

Conversant Intellectual Property Management Corp
5830 Granite Parkway #100-247

Suite 247

Plano, TX 75024

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

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: Rodney M Anderson/
Name: Rodney M. Anderson
Registration Number: 66487
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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 NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

15/868,219 9972381 2825 96823

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 68256 on 10/01/2019 via Private PAIR in view of
the certification copied below that authorized the change.

e Maintenance Fee Address

The address for Customer Number 68256 is:
68256

Conversant Intellectual Property Management Corp
5830 Granite Parkway #100-247

Suite 247

Plano, TX 75024

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

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: Rodney M Anderson/
Name: Rodney M. Anderson
Registration Number: 66487




App/icalion Number Application/Control No.

* 15/868,219 *

Applicant(s)/Patent under
Reexamination

15/868,219 OH et al.
Examiner Art Unit
AUDUONG, GENE NGHIA 2825
Document Code - DISQ Internal Document - DO NOT MAIL
TERMINAL
i
DISCLAIMER « APPROVED O DISAPPROVED
This patent is subject
Date Filed: 03 May 2019 to a Terminal
Disclaimer
Approved/Disapproved by:
/JEAN PROCTOR/
Technology Center: OPLC
Telephone: (671)272-1040
gsss'}l:l:a\}\(/em and Trademark Office Terminal Disclaimer Part of Paper No. 20190503




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,972,381 Bl Page 1 of 1
APPLICATION NO. : 15/868219

DATED :May 15, 2018

INVENTOR(S) : HakJune Oh, Hong Beom Pyeon and Jin-Ki Kim

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

Column 1, Lines 36-37, delete “and also claims the benefit of U.S. Provisional Application No.
60/772,368, filed on Sep. 30, 2005,”.

Signed and Sealed this
Sixth Day of November, 2018

Polia: o

Andrei Tancu
Director of the United States Patent and Trademark Office



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

WWWvuSPIO.gOV

APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
15/868,219 01/11/2018 HakJune OH PAT 3730I-2 8941
108927 7590 10/09/2018
) EXAMINER
Borden Ladner Gervais LLP (BLG/Conversant - 8021) | |
1300-100 Queen Street AUDUONG, GENE NGHIA
Ottawa, ON K19 1J9
CANADA | ART UNIT | PAPER NUMBER |
2825
| NOTIFICATION DATE | DELIVERY MODE |
10/09/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ipinfo@blg.com

PTOL-90A (Rev. 04/07)



UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

Patent No. 9972381

Issued Date: 15 May, 2018
Appl. No: 15/868.,219
Filed.: 11 January 2018

PART (A) RESPONSE FOR CERTIFICATES OF CORRECTION

This is a decision on the Certificate of Correction request filed 03 August 2018.

The request for issuance of Certificate of Correction for the above-identified correction(s) under the
provisions of 37 CFR 1.322 and/or 1.323 is hereby:

(Check one)
X Approved ] Approved in Part [ Denied

Comments:

PART (B) PETITION UNDER 37 CFR 1.324 OR 37 CFR 1.48

[] This is a decision on the petition filed to correct inventorship under 37 CFR 1.324.

[J This is a decision on the request under 37 CFR 1.48, petition filed . In view of the fact that the
patent has already issued, the request under 37 CFR 1.48 has been treated as a petition to correct
inventorship under 37 CFR 1.324.

The petition is hereby: [] Granted [] Dismissed

Comment:

The patented filed is being forwarded to Certificate of Corrections Branch for issuance of a certificate
naming only the actual inventor or inventors.

/ALEXANDER SOFOCLEOUS/
Supervisory Patent Examiner, Art Unit 2825

Technology Center 2800
Phone: 571-272-2800

Certificates of Correction Branch email: CustomerServiceCoC @uspto.gov CoC Central Phone Number: (703) 756-1814



Continuation Sheet (PTOL-306) Application No.

As an initial matter, Applicants' reliance on 37 C.F.R. § 1.322 to correct patent number 9,972,381 is
misplaced because § 1.322 is used for patent corrects due to a mistake by the United States Patent and
Trademark Office. Applicants assert the error in column 1, lines 36-37 of patent number 9,972,381 was a
result of Applicants' inadvertent error (see page 2 of the Request for Certificate of Correction filed on
August 3, 2018). Thus, the request to correct the patent should have been made pursuant to § 1.323, which
relates to correction of errors which are not the fault of the Office. The Office acknowledges Applicants'
payment of the § 1.20(a) (eff. Nov. 14, 2017) fee accompanying the instant request. Notwithstanding its
reference to § 1.322 as the basis for this correction, the Office deems Applicants' request to issue a
certificate of correction as though request was properly made under § 1.323.

The instant Request for Certificate of Correction does not impact to the benefit claims of instant
application, but instead corrects the statement about 11/583,354's benefit claim to provisional application
60/847,790 (by deleting the statement about 11/583,354's benefit claim to provisional application
60,722,368). In passing, 11/583,354 is a continuation-in-part of 11/324,023, which claims benefit to
provisional application 60/722,368.

The Request for Certificate of Correction filed on August 3, 2018 has been considered, and is granted.



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:  OH, HakJune; PYEON, Hong Beom; KIM, Jin-Ki

Patent No.: 9,972,381

Filed: January 11, 2018

Title: MEMORY WITH OUTPUT CONTROL
Group: 2825

Examiner: AUDUONG, GENE NGHIA

Attorney Ref.: PAT 37301-2

August 3, 2018

REQUEST FOR CERTIFICATE OF CORRECTION

On behalf of the patentee, we hereby request that a Certificate of Correction be
issued pursuant to 37 C.F.R. 1.322, to correct the error(s) as shown in the form
PTO/SB/44 submitted herewith.

Applicant requests Column 1, lines 36-37 be amended as follows:

This application is a continuation of U.S. application Ser. No. 15/692,208, filed on Aug.
31, 2017, which is a continuation of U.S. application Ser. No. 15/345,552, filed on Nov.
8, 2016, now issued as U.S. Pat. No. 9,779,804 on Oct. 3, 2017, which is a continuation
of U.S. application Ser. No. 14/984,303, filed on Dec. 30, 2015, now issued as U.S. Pat.
No. 9,524,783 on Dec. 20, 2016, which is a continuation of U.S. application Ser. No.
14/156,047 filed on Jan. 15, 2014, now issued as U.S. Pat. No. 9,257,193 on Feb. 9,
2016, which is a continuation of U.S. application Ser. No. 13/867,437 filed on Apr. 22,
2013, now issued as U.S. Pat. No. 8,654,601 on Feb. 18, 2014, which is a continuation
of U.S. application Ser. No. 13/463,339 filed on May 3, 2012, now issued as U.S. Pat.
No. 8,427,897 on Apr. 23, 2013, which is a continuation of U.S. application Ser. No.
12/882,931 filed Sep. 15, 2010, now issued as U.S. Pat. No. 8,199,598 on Jun. 12, 2012
which is a continuation of U.S. application Ser. No. 12/275,701 filed Nov. 21, 2008, now
U.S. Pat. No. 7,826,294, issued on Nov. 2, 2010, which is a continuation of U.S.
application Ser. No. 11/583,354 filed on Oct. 19, 2006, now U.S. Pat. No. 7,515,471,
issued Apr. 7, 2009, which is a Continuation-in-Part of U.S. application Ser. No.
11/324,023 filed on Dec. 30, 2005, now U.S. Pat. No. 7,652,922 issued Jan. 26, 2010,
which claims the benefit of U.S. Provisional Application No. 60/722,368 filed on Sep. 30,
2005, entitled "Multiple Independent Serial Link Memory", which are herein incorporated
by reference. U.S. application Ser. No. 11/583,354 filed on Oct. 19, 2006, now U.S. Pat.
No. 7,515,471, claims the benefit of U.S. Provisional Application No. 60/847,790 filed on

Sep. 27, 2006, and-also-claims-the benefit of U- S Provisional-Application-No-
60#22—368#Ied—9n$ep—39—209€» entitled "Memory with Output Control", which are

herein incorporated by reference.
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No. 11/583,354 filed on Oct. 19, 2006 was stated to claim benefit of priority to U.S.

A clerical error occurred at filing of the application wherein U.S. application Ser.

Provisional Application No. 60/772,368, filed on September 30, 2005. Applicant submits

that the error was inadvertent and without deceptive intent. It is submitted that the

correction is of a clerical nature and does not involve a change that would constitute new

subject matter, or require re-examination.

The error was introduced by the Applicant; therefore, the Commissioner is

hereby authorized to debit $150.00 from Deposit Account No. 501593, in the name
of Borden Ladner Gervais LLP.

any over payments to Deposit Account No. 501593, in the name of Borden Ladner

The Commissioner is hereby authorized to charge any additional fees, and credit

Gervais LLP.

SHH/bm
Encl.

1.

Certificate of Correction (Form PTO/SB/44)

By:

Respectfully submitted,

OH, HakJune, et al.

/Shin Hung/

Shin Hung, P.Eng.

Reg. No. 55,497

Borden Ladner Gervais LLP
World Exchange Plaza

100 Queen Street, Suite 1300
Ottawa, ON K1P 1J9
CANADA

Tel: (613) 237-5160

Fax: (613) 787-3558
E-mail: ipinfo@blg.com

20f2



PTO/SB/44 (09-07)

Approved for use through 01/31/2020. OMB 0651-0033

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of _ 1
PATENT NO. : 9,972,381
APPLICATIONNO.: 15/868,219

ISSUE DATE * May 15, 2018

INVENTOR(S) HakJune OH; Hong Beom PYEON; Jin-Ki KIM

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

Column 1, lines 36-37, delete "and also claims the benefit of U.S. Provisional Application No. 60/772,368, filed
on Sep. 30, 2005,".

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

Borden Ladner Gervais LLP, World Exchange Plaza, 100 Queen St, Suite 1300,
Ottawa, ON, Canada K1P 1J9

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

15868219

Filing Date:

11-Jan-2018

Title of Invention:

MEMORY WITH OUTPUT CONTROL

First Named Inventor/Applicant Name:

HakJune OH

Filer:

Shin Hung/Barb MacDonald

Attorney Docket Number:

PAT 37301-2

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION

1811

150

150

11




Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 150

12




Electronic Acknowledgement Receipt

EFS ID: 33367789
Application Number: 15868219
International Application Number:
Confirmation Number: 8941

Title of Invention:

MEMORY WITH OUTPUT CONTROL

First Named Inventor/Applicant Name:

HakJune OH

Customer Number:

108927

Filer: Shin Hung/Barb MacDonald
Filer Authorized By: Shin Hung
Attorney Docket Number: PAT 37301-2
Receipt Date: 03-AUG-2018
Filing Date: 11-JAN-2018
Time Stamp: 12:47:37

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $150

RAM confirmation Number

080318INTEFSW00010533501593

Deposit Account

501593

Authorized User

Shin Hung

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

37 CFR 1.19 {Document supply fees)

37 CFR 1.20 (Post Issuance fees)

13




37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
75351
1 Request for Certificate of Correction PAT_3730I_2_Req ues.t_for_Cer no 2
tificate_of_Correction.pdf
fa1f47786577617fcc31d0329b118af951e6()
Warnings:
Information:
105251
2 Request for Certificate of Correction PAT_37301_2_Form_SB44.pdf no 1
812487e26467943c083a64f5c97e72cc855)
Warnings:
Information:
30395
3 Fee Worksheet (SB06) fee-info.pdf no 2
22af23fcc60a233ef069ba372d495093fabf3|
Warnings:
Information:
Total Files Size (in bytes){ 210997

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.

14




UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO.gov

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE
15/868,219 01/11/2018 HakJune OH PAT 37301-2

CONFIRMATION NO. 8941

108927 PUBLICATION NOTICE

Borden Ladner Gervais LLP (BLG/Conversant - 8021)

1300-100 Queen Street RO LAY

Ottawa, ON K19 1J9 0000000996 12565

CANADA

Title:MEMORY WITH OUTPUT CONTROL

Publication No.US-2018-0137912-A1
Publication Date:05/17/2018

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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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.0O.Box 1450

Alexandria, Virginia 22313-1450

WWWvllSPIO.gOV

| APPLICATION NO. | ISSUE DATE | PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/868,219 05/15/2018 9972381 PAT 37301-2 8941
108927 7590 04/25/2018

Borden Ladner Gervais LLLP (BLG/Conversant - 8021)
1300-100 Queen Street

Ottawa, ON K19 1J9

CANADA

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 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 Data Management
(ODM) at (571)-272-4200.

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

HakJune OH, Ottawa, CANADA;

Conversant Intellectual Property Management Inc., Ottawa, CANADA;
Hong Beom PYEON, Ottawa, CANADA;

Jin-Ki KIM, Ottawa, CANADA;

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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Doc Code: MFEE.C.AD

Document Description: Maintenance Fee Address Change

PTO/SB/47-EFS

FEE ADDRESS INDICATION FORM

Application Number Art Unit

15868219 2825
Filing Date Examiner Name

11-Jan-2018 GENE AUDUONG
First Name Inventor Attorney Doc. Number

HakJune OH PAT 37301-2

INSTRUCTIONS: In order for the fee address identified on this form to be effective, the issue fee must have been paid for the application
listed on this form. Only an address represented by a customer number can be established as the fee address for maintenance fee
purposes (hereafter, fee address). A fee address should be established when correspondence related to maintenance fees should be
mailed to a different address than the correspondence address for the application. For more information on customer numbers, see the

Manual of Patent Examining Procedure (MPEP) § 403.

Please recognize as the Fee Address under the provisions of 37 CFR 1.363 the address associated with:

Customer Number:

68256

Conversant Intellectual Property Management Inc.

5601 Granite Parkway

Suite 1300

Plano TX 75024

UNITED STATES
214-494-4800
ipadmin@conversantip.com

Signature:

I 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
has filed and has been granted power of attorney in this application.

Signature

/Shin Hung/

Date

03-26-2018

Name

Shin Hung

Registration Number

55497

17




Electronic Patent Application Fee Transmittal

Application Number:

15868219

Filing Date:

11-Jan-2018

Title of Invention:

MEMORY WITH OUTPUT CONTROL

First Named Inventor/Applicant Name:

HakJune OH

Filer: Shin Hung/Barb MacDonald
Attorney Docket Number: PAT 37301-2
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull:’-s'l'g(t;)l in
Basic Filing:
UTILITY APPL ISSUE FEE 1501 1 1000 1000
PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

18




Description Fee Code Quantity Amount SUB-ST;:;)I in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Electronic Acknowledgement Receipt

EFS ID: 32149966
Application Number: 15868219
International Application Number:
Confirmation Number: 8941

Title of Invention:

MEMORY WITH OUTPUT CONTROL

First Named Inventor/Applicant Name:

HakJune OH

Customer Number:

26123

Filer: Shin Hung/Barb MacDonald
Filer Authorized By: Shin Hung
Attorney Docket Number: PAT 37301-2
Receipt Date: 27-MAR-2018
Filing Date: 11-JAN-2018
Time Stamp: 16:47:40

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1000

RAM confirmation Number

032818INTEFSW00003893501593

Deposit Account

501593

Authorized User

Shin Hung

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

37 CFR 1.20 {Post Issuance fees)
37 CFR 1.21 {Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
46263
1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2
2f11e09b17a6b2ed0f46453e865b6addale|
8c448
Warnings:
Information:
37036
) Change of Address web85correspo(r;fdenceaddress. no 1
p 3f7fa926b6fde499027839b95425d92c18a4]
be2e
Warnings:
Information:
32774
3 Maintenance Fee Address Change web85feeaddress.pdf no 1
706 40280b915ct b}
71a2e
Warnings:
Information:
32068
4 Fee Worksheet (SB06) fee-info.pdf no 2
af76d1f0da10409d3681be5e01e5779853a
Warnings:
Information:
Total Files Size (in bytes){ 148141
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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: IFEE

Document Description: Issue Fee Payment (PTO-85B)

PTOL/85B-EFS

Issue Fee Transmittal Form

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No.

15868219 11-Jan-2018 HakJune OH PAT 3730I-2 8941

TITLE OF INVENTION :

MEMORY WITH OUTPUT CONTROL

Entity Status Application Type ArtUnit |[Class - Subclass EXAMINER
Regular Undiscounted Utility under 35 USC 111(a) [2825 185030 GENE AUDUONG
Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee
$1000 $0 $1000 11-Jun-2018 $0

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363)

Current Correspondence Address:

26123

BORDEN LADNER GERVAIS LLP (Ottawa)
Shin Hung

WORLD EXCHANGE PLAZA

100 QUEEN STREET SUITE 1300
OTTAWA ON K1P 1J9

CANADA

613-237-5160

ininfo@blg.com
Lt =

Current Indicated Fee Address :

< Change of correspondence address requested, system
generated AIA/122-EFS form attached

< Fee Address indication requested, system generated SB/47-EFS
form attached

2.Entity Status

Change in Entity Status

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29.
Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis

(37 CFR 1.29(d)), and make the applicable certification online.

O Applicant asserting small entity status. See 37 CFR 1.27.

Note: If the application was previously under micro entity status, checking this box will be taken to be a notification of loss of entitlement to micro entity status.

® Applicant changing to regular undiscounted fee status.
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable.

WEB IFEE 1.0
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Doc Code: IFEE PTOL/85B-EFS

Document Description: Issue Fee Payment (PTO-85B)

3.The Following Fee(s) Are Submitted:

[ | authorize USPTO to apply my previously paid issue fee to the

Issue Fee
X current fees due

The Director is hereby authorized to apply my previously paid
[ ] Publication Fee [] issue fee to the current fee due and to charge deficient fees to
Deposit Account Number

If in addition to the payment of the issue fee amount submitted
with this form, there are any discrepancies in any amount(s) due,
the Director is authorized to charge any defgcéqré% or credit any
overpayment, to Deposit Account Number .
The issue fee must be submitted with this form. If payment of
the issue fee does not accompany this form, checking this box
and providing a deposit account number will NOT be
effective to satisfy full payment of the fee(s) due.

[ ] Advance Order- # of copies X

4.Firm and/or Attorney Names To Be Printed

NOTE: If no name is listed, no name will be printed
For printing on the patent front page, list to be displayed as entered

1. Borden Ladner Gervais LLP

5.Assignee Name(s) and Residence Data To Be Printed

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this formis NOT a substitute for filing an assignment.

Name City State Country Category

Conversant Intellectual Property Management Inc. Ottawa canada corporation

6.Signature

| 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 has filed and has been granted
power of attorney in this application. | also certify that this Fee(s) Transmittal form is being transmitted to the USPTO via EFS-WEB on the date indicated below.

Signature /Shin Hung/ Date 03-26-2018
Name Shin Hung Registration Number | 55497
WEB IFEE 1.0
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Doc Code: C.AD

Document Description: Change of Address

AlA/122-EFS

CHANGE OF CORRESPONDENCE ADDRESS

Application
Application Number Art Unit
15868219 2825
Filing Date Examiner Name
11-Jan-2018 GENE AUDUONG
First Name Inventor Attorney Doc. Number
HakJune OH PAT 3730I-2

Please change the correspondence address for the above-identified patent application to:

The address associated with Customer Number:

X

108927

CANADA

1300-100 Queen Street
Ottawa ON K19 1J9

6132375160
ipinfo@blg.com

Borden Ladner Gervais LLP (BLG/Conversant - 8021)

OR

[] Firm orIndividual Name:

Address

City

State

Postal Code

Country

Telephone

Email

Signature :

I 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
has filed and has been granted power of attorney in this application.

Signature /Shin Hung/ Date 03-26-2018
Name Shin Hung Registration Number 55497
WEBCAD 1.0
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| hereby certify that this paper (along with any paper referred to as being attached
or enclosed) is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1.6(a)(4).

Dated: March 21, 2018 Docket No.: PAT 37301-2

Electronic Signature for: /Shin HUNG/

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of: HakJune OH et al.
Application No.: 15/868,219 Confirmation No.: 8941
Filed: January 11, 2018 Art Unit: 2825
Title: MEMORY WITH OUTPUT CONTROL Examiner: AUDUONG, GENE NGHIA

INFORMATION DISCLOSURE STATEMENT (IDS)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Pursuant to MPEP 609.02, Applicant(s) expect the Examiner to consider all the
references submitted, cited, or otherwise considered during the prosecution of all the ancestor
applications listed on the application data sheet of the present application. The Applicant(s) do

not plan to resubmit a listing of those references unless the Examiner explicitly requests.

March 21, 2018 Respectfully submitted,
HakJune OH et al.

/Shin HUNG/
By:
Shin HUNG
Reg. No. 55,497
Borden Ladner Gervais LLP
World Exchange Plaza
100 Queen Street, Suite 1300
Ottawa, ON K1P 1J9
CANADA
Tel: (613) 237-5160
Fax: (613) 787-3558
E-mail: ipinfo@blg.com
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Electronic Acknowledgement Receipt

EFS ID: 32112871
Application Number: 15868219
International Application Number:
Confirmation Number: 8941

Title of Invention:

MEMORY WITH OUTPUT CONTROL

First Named Inventor/Applicant Name:

HakJune OH

Customer Number:

26123

Filer: Shin Hung/Ronan O'Byrne
Filer Authorized By: Shin Hung
Attorney Docket Number: PAT 37301-2
Receipt Date: 21-MAR-2018
Filing Date: 11-JAN-2018
Time Stamp: 14:59:47

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
70931
1 Information Disclosure Statement {IDS) IDS_Letter.pdf no 1
Form (SB08)
540e42d0813072bb3de63c445ed4c7a8c3

bécch7

Warnings:
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Information:

This is not an USPTO supplied IDS fillable form

Total Files Size (in bytes)# 70931

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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e
SN UNITED STATES PATENT AND TRADEMARK OQFFICE

Ny /2 UNITED STATES DEPARTMENT OF COMMERCE
c United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
26123 7590 03/09/2018
BORDEN LADNER GERVAIS LLP (Ottawa) AUDUONG, GENE NGHIA
Shin Hung
WORLD EXCHANGE PLAZA | ART UNIT PAPERNUMBER |
100 QUEEN STREET SUITE 1300 2825
OTTAWA, ON KI1P 1J9
CANADA DATE MAILED: 03/09/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. |  CONFIRMATION NO.
15/868,219 01/11/2018 HakJune OH PAT 37301-2 8941
TITLE OF INVENTION: MEMORY WITH OUTPUT CONTROL
APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 06/11/2018

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

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

Page 1 of 3
PTOL-85 (Rev. 02/11)

29



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents
P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. 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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

26123 7590 03/05/2018 I hereby certity that this Fee(s) Transmittal is being deposited with the United
BORDEN LADNER GERVAIS LLP (Ottawa) States Postal Service with sufficient postage for first class mail in an envelope
Shin H addressed to the Mail Stop ISSUE FEE address above, or being facsimile

n rlung transmitted to the USPTO (571) 273-2885, on the date indicated below.
WORLD EXCHANGE PLAZA —
100 QUEEN STREET SUITE 1300 (Depositors name)
OTTAWA, ON K1P 1]9 (Signature)
CANADA (Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/868,219 01/11/2018 HakJune OH PAT 3730I-2 8941

TITLE OF INVENTION: MEMORY WITH OUTPUT CONTROL

| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 06/11/2018
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
AUDUONG, GENE NGHIA 2825 365-185030
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ’ . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFR 3.11. 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 [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

d Applicant certifying micro entity status. See 37 CFR 1.29 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.

(I Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CER 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. 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.USP[O.gOV

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

15/868,219 01/11/2018 HakJune OH PAT 37301-2 8941
26123 7590 03/09/2018 | EXAMINER |

BORDEN LADNER GERVAIS LLP (Ottawa) AUDUONG, GENE NGHIA

Shin Hung

WORLD EXCHANGE PLAZA | ART UNIT PAPERNUMBER |

100 QUEEN STREET SUITE 1300 2825

OTTAWA, ON KI1P 1J9

CANADA DATE MAILED: 03/09/2018

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
PTOL-85 (Rev. 02/11)
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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 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, 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. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)

15/868,219 OH ET AL.
. oy f i AlA (First Inventor to File)
Notice of Allowability e NG oMt | Status

No

-- 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. IX] This communication is responsive to continuation application file 1/11/2018.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] 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. [X] The allowed claim(s) is/are 1-21. 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)[J Al b)[]Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the cettified 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.

[ 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. IX] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

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

3. [] Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

/GENE AUDUONG/
Primary Examiner, Art Unit 2825

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20180226
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Application/Control Number: 15/868,219 Page 2
Art Unit: 2825

The present application is being examined under the pre-AlIA first to invent provisions.
DETAILED ACTION
Drawings
The drawings were received on 1/11/2018. These drawings are acceptable.
Allowable Subject Matter

Claims 1-21 are allowed.

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

The prior art made of record and considered pertinent to the applicant's disclosure,
especially when these limitations are considered within the specific combination claimed, does
not teach or fairly disclose a flash memory device having the structure as claimed, comprising:

a flash memory comprising a plurality of erasable blocks, each erasable block comprising
a plurality of pages, each page comprising a plurality of flash memory cells; a clock input port
configured to receive a clock signal;

at least one common data interface configured to transfer command data, address data,
input data and output data, wherein at least one of command data, address data, input data and
output data is transferred in synchronization with both rising and falling edges of the clock signal
when the flash memory device is in a double data rate configuration;

a control input port configured to receive a control signal, wherein a transition of the
control signal from an inactive state to an active state indicates a beginning of command
data being received at the at least one common data interface;

a control circuitry configured to execute a page program operation to store the input data

on a selected page, and to execute a read operation to retrieve the output data from the flash
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memory cells in accordance to the command data and address data received at the at least one
common data interface; and

a status register configured to indicate a status of the flash memory device.

Independent claim 17 claiming a method for the device similar limitation of independent
claim 1 and therefore is allowed for similar reasons.

Dependent claims depend from allowable independent claims and inherently include
limitation therein and therefore are allowed as well.

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

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to GENE AUDUONG whose telephone number is (571)272-1773.
The examiner can normally be reached on Monday - Friday from 8:00-4:30 pm.

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

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Alexander Sofocleous can be reached on (571) 272-0635. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

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

/GENE AUDUONG/
Primary Examiner, Art Unit 2825
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foreign priority. See 37 CFR 1.55 and 1.76.
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issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
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petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
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D United States application or PCT international application number
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MEMORY WITH OUTPUT CONTROL

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Application Ser. No. 15/692,2086, filed on
August 31, 2017, which is a continuation of U.S. Application Ser. No. 15/345,552, filed on
November 8, 2016, now issued as U.S. Patent No. 9,779,804 on October 3, 2017, which is a
continuation of U.S. Application Ser. No. 14/984,303, filed on December 30, 2015, now
issued as U.S. Patent No. 9,524,783 on December 20, 2016, which is a continuation of U.S.
Application Ser. No. 14/156,047 filed on January 15, 2014, now issued as U.S. Patent No.
9,257,193 on February 9, 2016, which is a continuation of U.S. Application Ser. No.
13/867,437 filed on April 22, 2013, now issued as U.S. Patent No. 8,654,601 on February 18,
2014, which is a continuation of U.S. Application Ser. No. 13/463,339 filed on May 3, 2012,
now issued as U.S. Patent No. 8,427,897 on April 23, 2013, which is a continuation of U.S.
Application Ser. No. 12/882,931 filed September 15, 2010, now issued as U.S. Patent No.
8,199,598 on June 12, 2012 which is a continuation of U.S. Application Ser. No. 12/275,701
filed November 21, 2008, now U.S. Patent No. 7,826,294, issued on November 2, 2010,
which is a continuation of U.S. Application Ser. No. 11/583,354 filed on October 19, 20086,
now U.S. Patent No. 7,515,471, issued April 7, 2009, which is a Continuation-in-Part of U.S.
application Ser. No. 11/324,023 filed on December 30, 2005, now U.S. Patent No. 7,652,922
issued January 26, 2010, which claims the benefit of U.S. Provisional Application No.
60/722,368 filed on September 30, 2005, entitled "Multiple Independent Serial Link Memory",
which are herein incorporated by reference. U.S. Application Ser. No. 11/583,354 filed on
October 19, 2006, now U.S. Patent No. 7,515,471, claims the benefit of U.S. Provisional
Application No. 60/847,790 filed on September 27, 2006, and also claims the benefit of U.S.
Provisional Application No. 60/722,368 filed on September 30, 2005, entitled "Memory with
Output Control", which are herein incorporated by reference.

FIELD OF THE INVENTION
[0002] The invention relates to semiconductor memory devices. More particularly, the
invention relates to a memory architecture for improving the speed and/or capacity of

semiconductor Flash memory devices.
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BACKGROUND OF THE INVENTION

[0003] Mobile electronic devices, such as digital cameras, portable digital assistants,
portable audio/video players and mobile terminals continue to require mass storage memory,
preferably non-volatile memory with ever increasing capacities and speed capabilities. For
example, presently available audio players can have between 256 Mbytes to 40 Gigabytes of
memory for storing audio/video data. Non-volatile memory such as Flash memory and hard-
disk drives are preferred since data is retained in the absence of power, thus extending
battery life.

[0004] Presently, hard disk drives have high densities that can store 20 to 40 Gigabytes of
data, but are relatively bulky. However, flash memory is popular because of its high density,
non-volatility, and small size relative to hard disk drives. Flash memory technology is based
on EPROM and EEPROM technologies. The term "flash" was chosen because a large
number of memory cells could be erased at one time as distinguished from EEPROMs,
where each byte was erased individually. The advent of multi-level cells (MLC) further
increases Flash memory density relative to single level cells. Those of skill in the art will
understand that Flash memory can be configured as NOR Flash or NAND Flash, with NAND
Flash having higher density per given are due to its more compact memory array structure.
For the purpose of further discussion, references to Flash memory should be understood as
being either NOR or NAND or other type Flash memory.

[0005] While existing Flash memory modules operate at speeds sufficient for many current
consumer electronic devices, such memory modules likely will not be adequate for use in
further devices where high data rates are desired. For example, a mobile multimedia device
that records high definition moving pictures is likely to require a memory module with a
programming throughput of at least 10 MB/s, which is not obtainable with current Flash
memory technology with typical programming data rates of 7 MB/s. Multi-level cell Flash has
a much slower rate of 1.5 MB/s due to the multi-step programming sequence required to
program the cells

[0006] Programming and read throughput for Flash memory can be directly increased by
increasing the operating frequency of the Flash memory. For example, the present operating
frequency of about 20-30 MHz can be increased by an order of magnitude to about 200 MHz.
While this solution appears to be straightforward, there is a significant problem with signal

quality at such high frequencies, which sets a practical limitation on the operating frequency

-2-
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of the Flash memory. In particular, the Flash memory communicates with other components
using a set of parallel input/output (1/0) pins, numbering 8 or 16 depending on the desired
configuration, which receive command instructions, receive input data and provide output
data. This is commonly known as a parallel interface. High speed operating will cause well
known communication degrading effects such as cross-talk, signal skew and signal
attenuation, for example, which degrades signal quality.

[0007] Such parallel interfaces use a large number of pins to read and write data. As the
number of input pins and wires increases, so do a number of undesired effects. These
effects include inter-symbol interferences, signal skew and cross talk. Inter-symbol
interference results from the attenuation of signals traveling along a wire and reflections
caused when multiple elements are connected to the wire. Signal skew occurs when signals
travel along wires having different lengths and/or characteristics and arrive at an end point at
different times. Cross talk refers to the unwanted coupling of signals on wires that are in
close proximity. Cross talk becomes more of a problem as the operating speed of the
memory device increases.

[0008] Therefore, there is a need in the art for memory modules, for use in mobile electronic
devices, and solid-state drive applications that have increased memory capacities and/or
operating speeds while minimizing the number input pins and wires required to access the
memory modules.

SUMMARY OF THE INVENTION

[0009] The following represents a simplified summary of some embodiments of the invention
in order to provide a basic understanding of various aspects of the invention. This summary
is not an extensive overview of the invention. It is not intended to identify key or critical
elements of the invention or to delineate the scope of the invention. Its sole purpose is to
present some embodiments of the invention in simplified form as a prelude to the more
detailed description that is presented below.

[0010] In accordance with an embodiment of the present invention, a semiconductor
memory device includes a memory, a serial data link that transfers serial input data to the
memory, and an input control signal. Control circuitry controls data transfer between the
serial data link interface and the memory. Consistent with the principle of the present
invention, the memory may be a single memory bank or multiple memory banks. The serial

data link interface may convert serial input data into parallel data to be transferred to the
-3-
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memory bank. Additionally, the serial link interface may convert parallel data from the
memory bank to serial output data. Various other aspects of the invention are also disclosed
throughout the specification.

[0011] According to principles of the present invention, a flash memory system may have
plurality of serially connected flash memory devices. The flash memory devices in the system
include a serial input data port, a serial data output port, a plurality of control input ports, and
a plurality of control output ports. The flash memory devices are configured to receive serial
input data and control signals from an external source and to provide data and control
signals to an external device. The external source and external device may be other flash
memory devices within the system. In some embodiments of the present invention, each of
the flash memory devices may include a unique device identifier. The devices may be
configured parse a target device information field in serial input data to correlate target
device information with the unique device identification number of the device to determine
whether the device is the target device. The device may parse the target device information
field prior to processing any additional input data received. If the memory device is not the
target device, it may ignore the serial input data, thus saving additional processing time and
resources.

[0012] According to embodiments of the present invention, a memory device and method
fully serializes a single set of serial input and output pins which are SIP(Serial Input Port) and
SOP (Serial Output Port) along with two control signals, IPE (Input Port Enable) and OPE
(Output Port Enable), for the enabling/disabling of input/output ports respectively. This
provides a memory controller maximum flexibility of data communication. The memory
device of the present invention receives an information signal stream through its SIP port
only when IPE stays in a "High™ logic state, and also the device transmits the output data
signal stream through its SOP port only when OPE stays in a "High' logic state. When IPE
goes to "High’, referenced at rising edges of free-running Serial Clock signal (SCLK), the SIP
port starts to receive consecutive serial input stream bytes which are device address byte,
command byte, column address bytes, row address bytes and/or input data bytes in
predetermined number of clock cycles for each operation cases. If IPE goes to a "Low’ state,
the SIP port stops receiving input signal streaming bytes. When OPE signal goes to a "High
state, the SOP port starts to output data referenced at rising edges of free-running Serial
Clock signal (SCLK). If OPE goes to a "Low’ state, the SOP stops outputting data. Therefore,
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the memory controller can have more flexibility to control communication between memory
devices and controller itself.

[0013] In addition, when devices are serially cascaded in a system they may further
comprise output control ports that "echo" the received IPE and OPE signals to external
devices. This allows the system to have point-to-point connected signal ports (e.g., SIP/SOP,
IPE/IPEQ, OPE/OPEQ, SCLKI/SCLKO) to form a daisy-chain cascading scheme (versus
broadcasting/multi-drop cascading scheme). These systems may use the unique device
identification and target device selection address scheme, rather than using limited hardware
physical device select pins, so that the whole system can be easily expanded as many as

possible in terms of memory density without sacrificing system's overall performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention is illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements and in
which:

[0015] FIGS. 1A, 1B, 1C illustrate high level diagrams showing illustrative memory devices
that allow for concurrent operations, in accordance with various aspects of the invention.
[0016] FIG. 2A is a high-level block diagram of an illustrative memory device in accordance
with aspects of the invention.

[0017] FIG. 2B is a schematic of a serial data link shown in FIG. 2A, according to an
embodiment of the present invention.

[0018] FIG. 2C is a schematic of an input serial to parallel register block shown in FIG. 2A,
according to an embodiment of the present invention.

[0019] FIG. 2D is a schematic of a path switch circuit shown in FIG. 2A, according to an
embodiment of the present invention.

[0020] FIG. 2E is a schematic of an output parallel to serial register block shown in FIG. 2A,
according to an embodiment of the present invention.

[0021] FIGS. 3A, 4, 5A, 6A, and 7 illustrate timing diagrams for memory operations
performed by a memory device in accordance with various aspects of the invention. FIGS.
3B, 5B, and 6B are flowcharts illustrating the memory operations of FIGS. 3A, 5A , and 6A,
respectively, in a device in accordance with various aspects of the invention.

[0022] FIGS. 8A, 8B, and 8C illustrate timing diagrams for concurrent memory operations

performed in a memory device in accordance with various aspects of the invention.
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[0023] FIGS. 9 and 10 are flowcharts diagramming a method of controlling data transfer
between a plurality of serial data link interfaces and a plurality of memory banks in
accordance with various aspects of the invention.

[0024] FIG. 11 illustrates a block diagram of the pin-out configuration of a memory device in
device in accordance with various aspects of the invention.

[0025] FIG. 12 illustrates timing diagrams for a memory operations performed in a memory
device equipped with various aspects of the virtual multiple link feature in accordance with
the invention.

[0026] FIG. 13A depicts a high-level block diagram of a cascaded configuration of numerous
memory devices in accordance with various aspects of the invention.

[0027] FIG. 13B depicts a high-level block diagram of an alternate cascaded configuration of
numerous memory devices in accordance with various aspects of the invention.

[0028] FIG. 14 illustrates a simplified timing diagram for a memory operation performed on a
memory device in a cascaded configuration in accordance with aspects of the invention.
[0029] FIG. 15A is a high-level block diagram of an illustrative memory device in accordance
with aspects of the invention.

[0030] FIG. 15B is a more detailed block diagram of a serial link interface that may be used
in the memory device illustrated in FIG. 15A.

[0031] FIGS. 16A and 16B illustrate timing diagrams for input latch timing and input
sequence timing byte mode, respectively.

[0032] FIGS. 17A and 17B illustrate timing diagrams for output latch timing and output
sequence timing byte mode, respectively.

DETAILED DESCRIPTION

[0033] A serial data interface for a semiconductor memory is disclosed. The serial data
interface can include one or more serial data links in communication with centralized control
logic, where each serial data link can receive commands and data serially, and can provide
output data serially. Each serial data link can access any memory bank in the memory for
programming and reading of data. At least one advantage of a serial interface is a low-pin-
count device with a standard pin-out that is the same from one density to another, thus,
allowing compatible future upgrades to higher densities without board redesign.

[0034] FIGS. 1A and 1B are high level diagrams showing illustrative memory devices that

support concurrent operations, in accordance with various aspects of the invention. FIG. 1A
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shows a memory device having multiple serial data link interfaces 102 and 104 and multiple
memory banks 106 and 108. The presently shown arrangement is referred to herein as a
dual port configuration. Each serial data link interface has an associated input/output pin and
data input and data output circuitry, which will be described in further detail with respect to
FIG. 2A. Data transferred through a serial data link interface passes through in a serial
fashion (e.g., as a single-bit-wide stream of data.) Each of the data link interfaces 102 and
104 in the memory device are independent and can transfer data to and from any of the
memory banks 106 and 108. For example, serial data link 102 can transfer data to and from
memory bank 106 or memory bank 108. Similarly, serial data link 104 can transfer data to
and from memory bank 106 and memory bank 108. Since the two serial data link interfaces
shown are independent, they can concurrently transfer data to and from separate memory
banks. Link, as used herein, refers to the circuitry that provides a path for, and controls the
transfer of, data to and from one or more memory banks. A control module 110 is
configurable with commands to control the exchange of data between each serial data link
interface 102 and 104 and each memory bank 106 and 108. For example, control module
110 can be configured to allow serial data link interface 102 to read data from memory bank
106 at the same time that serial data link interface 104 is writing data to memory bank 108.
This feature provides enhanced flexibility for system design and enhanced device utilization
(e.q., bus utilization and core utilization). As will be shown later, control module 110 can
include control circuits, registers and switch circuits.

[0035] FIG. 1B shows an embodiment in which a single serial data link interface 120 is
linked to multiple memory banks 122 and 124 via a control module 126. This presently
shown arrangement is referred to herein as a single port configuration, and utilizes less
memory device input/output pins than the dual port configuration shown in FIG. 1A. Control
module 126 is configured to perform or execute two operating processes or threads, so that
serial data link interface 120 can exchange data with memory banks 122 and 124 in a
pipelined fashion. For example, while data is being written into memory bank 122, data link
interface 120 can be reading data out of memory bank 124. In accordance with various
aspects of the invention and as will be described in further detail below, the memory device
emulates multiple link operations using a single link configuration with illustrated in FIG. 1B.
Using this single link in conjunction with multiple banks configuration, also referred to herein

as a virtual multiple link, any available bank can be accessed while the other bank may be in
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a busy state. As a result, the memory device can achieve enhanced utilization of a single link
configuration by accessing the other available bank through link arbitration circuitry.

[0036] The memory devices shown in FIGS. 1A and 1B include two memory banks for
illustration purposes only. One skilled in the art will appreciate that several aspects of the
invention disclosed herein are scalable and allow for the use of multiple memory banks and
multiple serial data link interfaces. A single memory device may include, for example, 2, 4, or
more memory banks. FIG. 1C shows an embodiment in which four independent serial data
links 132, 134, 136 and 138 are configured to exchange data with four memory banks 140,
142, 144 and 146 under the control of a control module 150. With a virtual multiple link
configuration only one link is necessary, so the remaining links (e.g., in FIG. 1A dual link or
FIG. 1C quad link pinout configurations) are not used and may be considered as NC (i.e., No
Connection). At least one advantage of a serial data link interface compared to a
conventional parallel interface structure, is the reduced number of pins on the memory
device while link flexibility and large density are maintained. For example, while a
conventional flash memory device may require 48 pins over multiple sides of a package, a
memory device in accordance with aspects of the invention may utilize fewer pins (e.g., 11
pins) on a single side of a standard package 1100, as illustrated in FIG. 11. Alternatively, a
different and smaller type of package can be used instead, since there are less internal bond
pads that are required.

[0037] FIG. 2A illustrates a more detailed schematic diagram of the memory device shown in
FIG. 1A, according to one embodiment of the present invention. The architecture of each
memory bank in the memory device 200 may be the same or similar to a NAND Flash
memory core architecture. FIG. 2A illustrates those circuits which are relevant to the
invention, and intentionally omits certain circuit blocks to simplify FIG. 2A. For example,
memory device 200 implemented with a Flash memory core architecture will include high
voltage generator circuits that are necessary for programming and erasing the memory cells.
Core architecture (or core circuitry), as used herein, refers to circuitry including memory cell
array and associated access circuitry such as decoding and data transfer circuitry. As
standard memory architectures are well known, so are the native operations associated with
the selected architecture, which should be understood by any person skilled in the art. It
should be further understood by those of skill in the art that any known non-volatile or volatile

memory architecture can be used in alternative embodiments of the present invention.
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[0038] Memory device 200 includes a multiplicity of identical memory banks with their
respective data, control and addressing circuits, such as memory bank A 202 and memory
bank B 204, an address and data path switch circuit 206 connected to both memory banks
202 and 204, and identical interface circuits 205 and 207, associated with each memory
bank for providing data to and for receiving data from the switch circuit 206. Memory banks
202 and 204 are preferably non-volatile memory, such as Flash memory, for example.
Logically, the signals received and provided by memory bank 202 are designated with the
letter "A", while the signals received and provided by memory bank 204 are designated with
the letter "B". Similarly, the signals received and provided by interface circuit 205 are
designated with the number "0", while the signals received and provided by interface circuit
207 are designated with the number "1". Each interface circuit 205/207 receives access data
in a serial data stream, where the access data can include a command, address information
and input data for programming operations, for example. In a read operation, the interface
circuit will provide output data as a serial data stream in response to a read command and
address data. The memory device 200 further includes global circuits, such as a control
interface 208 and status/ID register circuit 210, which provide global signals such as clock
signal sclki and reset to the circuits of both memory banks 202 and 204 and the respective
interface circuits 205 and 207. A further discussion of the aforementioned circuits now
follows.

[0039] Memory bank 202 includes well known memory peripheral circuits such as sense
amplifier and page buffer circuit block 212 for providing output data DOUT_A and for
receiving input program data DIN_A, and row decoder block 214. Those of skill in the art will
understand that block 212 will also include column decoder circuits. A control and
predecoder circuit block 216 receives address signals and control signals via signal line
ADDR_A, and provides predecoded address signals to the row decoders 214 and the sense
amplifier and page buffer circuit block 212.

[0040] The peripheral circuits for memory bank 204 are identical to those previously
described for memory bank 202. The circuits of memory bank B include a sense amplifier
and page buffer circuit block 218 for providing output data DOUT_B and for receiving input
program data DIN_B, a row decoder block 220, and a control and predecoder circuit block
222. Control and predecoder circuit block 222 receives address signals and control signals

via signal line ADDR_B, and provides predecoded address signals to the row decoders 220
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and the sense amplifier and page buffer circuit block 222. Each memory bank and its
corresponding peripheral circuits can be configured with well known architectures.

[0041] In general operation, each memory bank is responsive to a specific command and
address, and if necessary, input data. For example, memory bank 202 will provide output
data DOUT_A in response to a read command and a read address, and can program input
data in response to a program command and a program address. Each memory bank can be
responsive to other commands such as an erase command, for example.

[0042] In the presently shown embodiment, path switch 206 is a dual port circuit which can
operate in one of two modes for passing signals between the memory banks 202 and 204,
and the interface circuits 205 and 207. First is a direct transfer mode where the signals of
memory bank 202 and interface circuit 205 are passed to each other. Concurrently, the
signals of memory bank 204 and interface circuit 207 are passed to each other in the direct
transfer mode. Second is a cross-transfer mode where the signals of memory bank 202 and
interface circuit 207 are passed to each other. At the same time, the signals of memory bank
204 and interface circuit 205 are passed to each other. A single port configuration of path
switch 206 will be discussed later.

[0043] As previously mentioned, interface circuits 205 and 207 receive and provide data as
serial data streams. This is for reducing the pin-out requirements of the chip as well as to
increase the overall signal throughput at high operating frequencies. Since the circuits of
memory banks 202 and 204 are typically configured for parallel address and data, converting
circuits are required.

[0044] Interface circuit 205 includes a serial data link 230, input serial to parallel register
block 232, and output parallel to serial register block 234. Serial data link 230 receives serial
input data SIPO, an input enable signal IPEO and an output enable signal OPEO, and
provides serial output data SOPO, input enable echo signal IPEQO and output enable echo
signal OPEQO. Signal SIPO (and SIP1) is a serial data stream which can each include
address, command and input data. Serial data link 230 provides buffered serial input data
SER_INO corresponding to SIPO and receives serial output data SER_OUTO from output
parallel to serial register block 234. The input serial-to-parallel register block 232 receives
SER_INO and converts it into a parallel set of signals PAR_INO. The output parallel-to-serial
register block 234 receives a parallel set of output data PAR_OUTO and converts it into the
serial output data SER_OUTO, which is subsequently provided as data stream SOPO. Output

parallel-to-serial register block 234 can also receive data from status/ID register circuit 210
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for outputting the data stored therein instead of the PAR_OUTO data. Further details of this
particular feature will be discussed later. Furthermore, serial data link 230 is configured to
accommodate daisy chain cascading of the control signals and data signals with another
memory device 200.

[0045] Serial interface circuit 207 is identically configured to interface circuit 205, and
includes a serial data link 236, input serial-to-parallel register block 240, and output parallel-
to-serial register block 238. Serial data link 236 receives serial input data SIP1, an input
enable signal IPE1 and an output enable signal OPE1, and provides serial output data
SOP1, input enable echo signal IPEQ1 and output enable echo signal OPEQ1. Serial data
link 236 provides buffered serial input data SER_IN1 corresponding to SIP1 and receives
serial output data SER OUT1 from output parallel-to-serial register block 238. The input
serial-to-parallel register block 238 receives SER_IN1 and converts it into a parallel set of
signals PAR_IN1. The output parallel-to-serial register block 240 receives a parallel set of
output data PAR_OU 1 and converts it into the serial output data SER_OUT1, which is
subsequently provided as data stream SOP1. Output parallel to serial register block 240 can
also receive data from status/ID register circuit 210 for outputting the data stored therein
instead of the PAR_OUT 1 data. As with serial data link 230, serial data link 236 is configured
to accommodate daisy chain cascading of the control signals and data signals with another
memory device 200.

[0046] Control interface 208 includes standard input buffer circuits, and generates internal
chip select signal chip_sel, internal clock signal sclki, and internal reset signal reset,
corresponding to CS#, SCLK and RST# respectively. While signal chip_sel is used primarily
by serial data links 230 and 236, reset and sclki are used by many of the circuits throughout
memory device 200.

[0047] FIG. 2B is a schematic of serial data link 230, according to an embodiment of the
invention. Serial data link 230 includes input buffers 242 for receiving input signals OPEQ,
IPEO and SIPO, output drivers 244 for driving signals SOPO, IPEQO and OPEQOQO, flip-flop
circuits 246 for clocking out signals out_en0 and in_en0, inverter 248 and multiplexor (MUX)
250. The input buffers for signals OPEO and SIPO are enabled in response to chip_sel, and
the output driver for signal SOPO is enabled in response to an inverted chip_sel via inverter
248. Signal out-en0 enables an output buffer, which is shown later in FIG. 2E and provides
signal SER_OUTO. Signal in_en0 enables the input serial to parallel register block 232 to

latch SER_INO data. Signals in_en0, out_en0 and SER_INO.
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[0048] Serial data link 230 includes circuits to enable daisy chain cascading of the memory
device 200 with another memory device. More specifically, the serial input data stream SIPO,
and enable signals OPEO and IPEO can be passed through to the corresponding pins of
another memory device through serial data link 230. SER_INO is received by AND logic gate
252 and passed to its corresponding flip-flop 246 when in_en0 is at the active high logic
level. Simultaneously, in_en0 at the active high logic level will control MUX 250 to pass
Si_next0 to output driver 244. Similarly, IPEO and OPEO can be clocked out to IPEQO and
OPEQO through respective flip-flops 246. While serial data link 230 has been described, it is
noted that serial data link 236 includes the same components, which are interconnected in
the same way as shown for serial data link 230 in FIG. 2B.

[0049] FIG. 2C is a schematic of the input serial to parallel register block 232. This block
receives the clock signal sclki, the enable signal in_en0 and the input data stream SER_INO,
and converts SER_INO into parallel groups of data. In particular, SER_INO can be converted
to provide a command CMD_0, a column address C_ADDO, a row address R_ADDO and
input data DATA_INO. The presently disclosed embodiment of the invention preferably
operates at a high frequency, such as at 200 MHz for example. At this speed, the serial input
data stream can be received at a rate faster than the received command can be decoded. It
is for this reason that the serial input data stream is initially buffered in a set of registers. It
should be understood that the presently shown schematic also applies to input serial to
parallel register block 240, where the only difference lies in the designator of the signal
names.

[0050] The input serial-to-parallel register block 232 includes an input controller 254 for
receiving in_en0 and sclki, a command register 256, a temporary register 258, and a serial
data register 260. Since the data structure of the serial input data stream is predetermined,
specific numbers of bits of the input data stream can be distributed to the aforementioned
registers. For example, the bits corresponding to a command can be stored in the command
register 256, the bits corresponding to row and column addresses can be stored in the
temporary register 258, and the bits corresponding to input data can be stored in the serial
data register 260. The distribution of the bits of the serial input data stream can be controlled
by input controller 254, which van include counters for generating the appropriate register
enabling control signals after each predetermined number of bits have been received. In

other words, each of the three registers can be sequentially enabled to receive and store bits
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of data of the serial input data stream in accordance with the predetermined data structure of
the serial input data stream.

[0051] A command interpreter 262 receives a command signal in parallel from command
register 256, and generates a decoded command CMD_0. Command interpreter 262 is a
standard circuit implemented with interconnected logic gates or firmware, for decoding the
received commands. As shown in FIG. 2C, CMD_0 can include signals cmd_status and
cmd_id. A switch controller 264 receives one or more signals from CMD_0 to control a
simple switch circuit 266. Switch circuit 266 receives all the data stored in the temporary
register 258 in parallel, and loads one or both of column address register 268 and row/bank
register 270 with data in accordance with the decoded command CMD_Q. This decoding is
preferably done because the temporary register may not always include both column and
row/bank address data. For example, a serial input data stream having a block erase
command will only use a row address, in which case only the relevant bits stored in the
temporary register 258 are loaded into row/bank register 270. The column address register
268 provides parallel signal C-ADDO, the row/bank address register 270 provides parallel
signal R_ADDOQO, and data register 272 provides parallel signal DATA_INO, for programming
operations. Collectively, CMD_0, C_ADDO, R_ADDOQ) and Data_INO (optional), form the
parallel signal PAR_INO. Bit widths for each of the parallel signals have not been specified,
as the desired width is a design parameter which can be customized, or tailored to adhere to
a particular standard.

[0052] Examples of some of the operations of the memory device 200 for a Flash core
architecture implementation are shown in Table 1 below. Table 1 lists possible OP
(operation) codes for CMD_0 and corresponding states of the column address (C_ADDQO),
row/bank address (R_ADDQO), and the input data (DATA_INO).

TABLE 1
Command Set
Operation OoP Column Row/Bank Input Data
Code Address Address (1 Byte to
(1 Byte) (2 Bytes) (3 Bytes) 2112 Bytes)
Page Read 00h Valid Valid —
Random Data Read 05h Valid — —
Page Read for Copy 35h — Valid —
Target Address 8Fh — Valid —
Input for Copy
Serial Data Input 80h Valid Valid Valid
Random Data Input 85h Valid — Valid
-13-
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Page Program 10h — — —
Block Erase 60h — Valid —
Read Status 70h — — —
Read ID 90h — — —
Write Configuration AOh — — Valid
(1 Byte)
Register
Write DN (Device Name)
Entry BOh — — —
Reset FFh — — —
Bank Select 20h — Valid (Bank) —

[0053] Furthermore, Table 2 shows the preferred input sequence of the input data stream.
The commands, addresses, and data are serially shifted in and out of the memory device
200, starting with the most significant bit. Command sequences start with a one-byte
command code ("cmd" in Table 2). Depending on the command, the one-byte command
code may be followed by column address bytes ("ca" in Table 2), row address bytes ("ra" in
Table 2), bank address bytes ("ba" in Table 2), data bytes ("data" in Table 2), and/or a
combination or none.

TABLE 2
Input Sequence in Byte Mode

Operation 1ot |2 |39 4" 5" [e™ [ 7" [2115™ [ 21187

Byte | Byte | Byte | Byte | Byte | Byte | Byte | ...Byte | ...Byte
Page Read cmd | ca Ca |bara| ra ra —- | ] ——
Random Data Read | cmd | ca Ca — — — — | —— | ——
Page Read for Copy | cmd | ba/ra | Ra ra — — - | — | ——
Target Address Input
for Copy cmd | balra| Ra ra — — — | —— | ——
Serial Data Input cmd | ca Ca | bara| ra ra |data|..data | ...data
Random Data Input | cmd | ca Ca | data | data | data | data | ...data | — —
Page Program cnd | — — — — — —_ | —— | ——
Block Erase cmd | ba/ra| Ra ra — — — _ | ——
Read Status cnd | — — — — — —_ | —— | ——
Read ID cnd | — — — — — — | ] ——
Write Configuration cmd | data | — — — — — | —— | ——
Register
Write DN Entry cnd | — — — — — —_ | —— | ——
Reset cnd | — — — — — — | ] ——
Bank Select cmb | ba — — — — — | —— | ——

[0054] FIG. 2D is a schematic of path switch 206 shown in FIG. 2A. Switch 206 is logically
divided into two switch sub-circuits 274 and 276, which are identically configured. Switch
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sub-circuit 274 includes four input multiplexors 278 that selectively pass the commands,
addresses and input data of either interface circuit 205 or interface circuit 207 to the circuits
of memory bank 202. These signals have been previously grouped in FIG. 2C as PAR_INO
by example. Switch sub-circuit 274 includes one output multiplexor 280 for selectively
passing the output data from either memory bank 202 or memory bank 204 to interface
circuit 205. Switch sub-circuit 276 includes four input multiplexors (not shown) that selectively
pass the commands, addresses and input data of either interface circuit 205 or interface
circuit 207 to the circuits of memory bank 204. Switch sub-circuit 276 includes one output
multiplexor (not shown) for selectively passing the output data from either memory bank 202
or memory bank 204 to interface circuit 207.

[0055] Both switch sub-circuits 274 and 276 can simultaneously operate in the direct transfer
mode or the cross-transfer mode, depending on the state of switch control signal SW_CONT.
Path switch circuit 206 is presently shown in a dual port configuration, meaning that both
memory banks 202 and 204 can be simultaneously accessed through either interface circuits
205 and 207.

[0056] According to another embodiment of the present invention, as previously illustrated in
FIG. 1B, path switch 206 can operate in a single port mode in which only one of interface
circuits 205 and 207 is active. This configuration can further reduce the pin-out area
requirements of the memory device 200 since the input/output pads associated with the
unused interface circuit are no longer required. In the single port configuration, switch sub-
circuits 274 and 276 are set to operate in the direct transfer mode only, with the exception of
the respective output multiplexors 280 which can remain responsive to the SW_CONT
selection signal.

[0057] In a single port embodiment where only interface circuit 205 is active, a supplemental
path switch (not shown) is included in the input parallel to serial register block 232 (or block
234), for selectively passing the data from the outputs of switch 266 and serial data register
260 to the corresponding column, row/bank and data registers of either input serial to parallel
register block 232 or 240. Effectively, the supplemental path switch can be similar to switch
206. Hence, the column, row/bank and data registers of both input serial to parallel register
blocks 232 and 240 can be loaded with data for alternate memory bank accesses, or for
substantially concurrent accesses.

[0058] FIG. 2E is a schematic of output parallel-serial register block 234. It is noted that

output parallel-to-serial register block 238 is identically configured. Output parallel-to-serial
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register block 234 provides either data accessed from the memory bank, or status data
previously stored in registers. More specifically, the user or system can request a status of
either serial data links 230 or 236. A value of “1" in a designated bit location (e.g., bit 4) in the
outputted status data can indicate that the particular serial data link interface is busy. The
fixed data can further include chip identification data, which with the status data, can both be
pre-loaded with default states upon power up of the memory device 200. The status data can
be configured to have any preselected bit pattern that is recognizable by the system.
Although not shown, FIG. 2E can include additional control circuitry for updating one or more
bits stored in register 284, based on one or more predetermined conditions. For example,
one or more status bits can be changed based on a count of elapsed clock cycles, or based
on a combination of one or more flag signals received from various circuit blocks of memory
device 200.

[0059] Output parallel to serial register block 234 includes a first parallel-to-serial register
282 for receiving output data PAR_OUTO from path switch 206, a second parallel-to-serial
register 284 for receiving fixed data from a multiplexor 286. Multiplexor 286 selectively
passes one of the status data stored in status register 288 or chip identification data stored in
ID register 290 in response to signal cmd_id. An output multiplexor 292 passes the data from
either the first parallel-to-serial register 282 or the second parallel-to-serial register 284 in
response to either cmd_id or cmd_status being active, via OR gate 294. Finally, a serial
output control circuit 296 enabled by out-en0 provides SER_OUTO.

[0060] One skilled in the art will appreciate that the size and location of the status indicator
may be altered in accordance with various aspects of the invention. For example, the serial
data link interface status indicator may be jointed with other types of status indicator (e.g.,
memory bank status indicator) and/or physically located outside the register block (e.g., in
the link arbitration module or in the control module 238). In other example, the serial data link
interface status indicator is a one-bit register.

[0061] FIG. 15A is a high-level block diagram of an illustrative memory device in accordance
with aspects of the invention. The architecture of the memory bank 202 in the memory device
1500 may be the same or similar to a NAND Flash memory core architecture. Certain circuit
blocks are omitted to simplify FIG. 15A. For example, memory device 1500 implemented with
a Flash memory core architecture will include high voltage generator circuits that are
necessary for programming and erasing the memory cells. Core architecture (or core

circuitry), as used herein, refers to circuitry including memory cell array and associated
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access circuitry such as decoding and data transfer circuitry. As standard memory
architectures are well known, so are the native operations associated with the selected
architecture, which should be understood by any person skilled in the art. It should be further
understood by those of skill in the art that any known non-volatile or volatile memory
architecture can be used in alternative embodiments of the present invention.

[0062] The memory device 1500 includes a memory bank 202, a serial data link interface
205 that transfers serial input data to the memory bank. Memory bank 202 includes well
known memory peripheral circuits such as sense amplifier and page buffer circuit block 212
for providing output data DOUT and for receiving input program data DIN, and row decoder
block 214. Those of skill in the art will understand that block 212 will also include column
decoder circuits. As shown in FIG. 15A, the serial link interface 205 includes a serial input
port (SIP), a serial output port (SOP), an input enable control port (IPE), an output enable
control port (OPE), an input enable echo control port (IPEQ), and an output enable echo
control port (OPEQ). Those of ordinary skill in the art will understand that serial link interface
205 may further include other device ports such as a chip select (CS#) pin, a clock signal
input (SCLK), or a reset select (RST#) pin.

[0063] FIG. 15B is a more detailed block diagram of a serial link interface that may be used
in the memory device illustrated in FIG. 15A. Similar to the memory device 200 of FIG. 2A,
interface circuit 205 includes a serial data link 230, input serial to parallel register block 232,
and output parallel to serial register block 234. Serial data link interface 230 receives serial
input data SIP, an input enable signal IPE and an output enable signal OPE, and provides
serial output data SOP, input enable echo signal IPEQ and output enable echo signal OPEQ.
Signal SIP is a serial data stream which can each include address, command and input data.
Serial data link 230 provides buffered serial input data SER_in corresponding to SIP and
receives serial output data SER_out from the output of parallel-to-serial register block 234.
The input of serial-to-parallel register block 232 receives SER_in and converts it into a
parallel set of signals PAR_in. The output of parallel-to-serial register block 234 receives a
parallel set of output data PAR_in and converts it into the serial output data SER_out, which
is subsequently provided as data stream SOP. Furthermore, the input enable signal IPE, an
output enable signal OPE, input enable echo signal IPEQ and output enable echo signal
OPEQ are used to configure serial data link 230 to accommodate daisy chain cascading of
the control signals and data signals with another memory device 1500. A control module 208

controls data transfer between the serial data link interface and the memory bank.
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[0064] FIGS. 3A, 4, 5A, 6A, and 7 illustrate example timing diagrams for some memory
operations performed by memory device 200 in accordance with various aspects of the
invention. Some memory commands performed by the memory device 200 include, but are
not limited to, page read, random data read, page read for copy, target address input for
copy, serial data input, random data input, page program, block erase, read status, read ID,
write configuration register, write device name entry, reset, and/or bank select. The following
discussion of the timing diagrams is made with reference to the previously described
embodiments of the memory device 200 shown in the previous figures, and Tables 1 and 2.
[0065] In the example depicted in the timing diagram of FIG. 3A, a "page read" memory
command 314 is received at serial data link 230 of a memory device 200 in accordance with
the invention. Moreover, FIG. 3B shows a simplified flowchart paralleling the operation of the
"page read" memory command 314 in the timing diagram of FIG. 3A. As a practical matter,
the steps illustrated in FIG. 3B will be discussed in conjunction with the timing diagram of
FIG. 3A. By way of example, in step 324, a "page read" memory command 314 is read in at
serial data link 230 of the memory device 200.

[0066] The incoming data stream in this example is a six-byte serial data stream (i.e., serial
input data) including command data (in the first byte), column address data (in the second
and third bytes), and row and bank address data (in the fourth, fifth, and sixth bytes). As
discussed later, with respect to target device addressing, the serial data stream may include
an additional byte that identifies a target device address (‘tda’) and that precedes the
command data in the bit stream. The bank address can be used to determine access to
either bank 202 or 204 via patch switch 206. One skilled in the art will understand that
different memory commands may have a different data stream. For example, a "random data
read" memory command has a predetermined data stream of only three bytes: command
data (in the first byte) and column address data (in the second and third bytes). In the latter
example, the address field of the serial input data only contained column address data and
was two bytes long. Meanwhile, in the former example, the address field was five bytes long.
One skilled in the art will appreciate after review of the entirety disclosed herein that
numerous memory commands and predetermined data steams are apparent in accordance
with various aspects of the invention.

[0067] Continuing with the example involving the "page read" memory command as
illustrated in FIG. 3a, while the chip select (CS#) signal 302 is set low and in response to the

input port enable (IPEX) signal 306 set high, the serial input (SIPx) port 308 is sampled on
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the first rising edge of the serial clock (SCLK) signal 304 (where "x" acts as a placeholder
representing the link interface number, e.g., link O interface 232 or link 1 interface 234). The
data read out (in step 328) is a data stream corresponding to a "page read" memory
command 314. The CS# signal 302 is an input into the memory device 200 and may be
used, among other things, to indicate whether the memory device 200 is active (e.g., when
CS# is low). The IPEXx signal 306 indicates whether an incoming data stream will be received
at a particular link interface (e.g., when IPEx is high) or whether a particular link interface will
ignore the incoming data stream (e.g., when IPEXx is low). The incoming data stream is
received at the memory device at the SIPx 308 of a link interface. Finally, the system clock
(SCLK) signal 304 is an input into the memory device 200 and is used to synchronize the
various operations performed by the numerous circuits of the memory device 200. It will be
apparent to one skilled in the art that a memory device in accordance with various aspects of
the invention may be synchronized with such a clock signal (e.g., operations and data
transfers occur at the rising and/or falling edge of the clock signal) or may be asynchronous
(i.e., not synchronous). Alternatively, in a double data rate (DDR) implementation, both the
rising and falling edges of the SCLK clock signal may be used to latch information. In the
example of FIG. 3A, however, input data is latched on the falling edge of SCLK and output
data 322 appears on the serial output pin 312 SOPx after the rising edge of SCLK.

[0068] The status of the "page read" can be checked on the SOPx pin 312 as shown in FIG.
3A, whereby a "bank busy" result will be provided on SOPx until a time 318 when a "ready"
indication will appear, and the output data will shortly appear during a time 322. It should be
noted that although FIG. 3A illustrates a "page read" with subsequent "read status", a "page
read" without a "read status" is also contemplated in accordance with aspect of the invention.
In that embodiment, no data would be provided on the SOPx pin until output data would be
ready.

[0069] The command data sampled by SIPx is written to the appropriate register (e.g.,
command register 256) in FIG. 2C. At least one benefit to the option of designing the
incoming data stream such that the first byte is command data is that the data can be
transferred to the command register without additional processing. Subsequent bytes in the
data stream may be address data and/or input data according to the type of memory
command. One skilled in the art will appreciate that the set of memory commands
recognized by a memory device in accordance with various aspects of the invention may be

defined by word-basis (i.e., 16 bits) or any 1/0 width. In FIG. 3A, the command data (i.e., 00h
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corresponding to "page read" 314) is followed by five bytes of address data: two bytes of
column address data and three bytes of row/bank address data. The address data is written
to an address register 258 in FIG. 2C. The address data is used to locate the data stored in
the memory bank 202 that is to be read. The pre-decoder circuit 216, column decoder in
circuit 212, and row decoder 214, are utilized during this process to select data to be read.
For example, the pre-decoder module 214, is used to pre-decode the address information.
Subsequently, the column decoder in circuit 212 and row decoder 214 are used to active the
bitline and wordline corresponding to the address data. In the case of a "page read"
command, multiple bitlines are activated corresponding to a wordline. Subsequently, the data
stored in the memory bank 202 is transferred to a page register in circuit 212 after being
sensed by sense amplifiers. The data in the page register may not be available until time 318
in FIG. 3A, i.e. the output pin SOPx will indicate "busy". The amount of time lapsed is
referred to as the transfer time (t.sub.R). The transfer time period ends at time 318 (in FIG.
3A) and lasts for a duration of t.sub.R). Before the transfer time period elapses, a memory
bank status indicator is set to indicate that the particular memory bank (e.g, memory bank
202) is "busy". The illustrative memory bank status indicator of FIG. 3A is a 1-byte field with
one of the bits (e.g., bit 4) indicating whether memory bank 202 (i.e., bank 0) is "busy" or
"ready". The memory bank status indicator is stored in a status register 288 of FIG. 2E. The
memory bank status indicator is updated (e.g. bit 4 is set to "0") after a memory bank has
been identified from the incoming data stream. Once the memory operation is complete, the
bank status indicator is updated (e.g., bit 4 is set to "1°) to indicate that the memory bank is
no longer "busy" (i.e., "ready"). Note that both the bank status indicator as well as the SOPx
output pin will indicate the "busy" status as will be explained in further detail below. One of
skill in the art will appreciate that although the memory bank status indicator is depicted in
FIG. 3A as a 1-byte field, its size is not necessarily so limited. At least one benefit of a larger
status indicator is the ability to monitor the status of a greater quantity of memory banks. In
addition, the status indicator may be used to monitor other types of status (e.g. whether the
memory bank is in a "pass" or "fail" status after a memory operation, such as a "page
program”, was performed). In addition, it will be apparent to one skilled in the art that the
status indicator of this example being implemented such that each bit designates the status
of a different memory bank is exemplary only. For example, the value of a combination of bits

may be used to indicate the status of a memory bank (e.g., by using logic gates and other
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circuitry). The operation of the "read status" command corresponding to the memory bank
status indicator is discussed in relation to FIG. 7 below.

[0070] The memory bank status indicator in the example of FIG. 3A is read using the "read
status" memory command 316 (in step 328). Sometime during the transfer time period, a
"read status" command 316 is sent to the command register in the register block 224. The
"read status" command instructs the memory device 200 to monitor the status of the memory
bank 202 to determine when the transfer of data from the memory bank 202 to a page
register 216 is complete. The "read status" command is sent from the control module 238
through the data path control module 230 or directly by the data path control module 230.
Once the "read status" command has been issued (e.g., sent to a command interpreter 228
and/or control module 238) the output port enable (OPEX) signal 310 is driven high and the
contents of the memory bank status indicator are outputted through the serial output (SOPXx)
port 312. Similar to the IPEx signal 306, the OPEXx signal 310 enables the serial output port
buffer (e.g., the data output register) when set to high. At time 318 in FIG. 3A, the status
indicator data in the SOPx indicates that the memory bank 202 has changed (in step 330)
from a "busy" status to a "ready" status. The OPEXx signal 310 is returned to low since the
content of the status indicator is no longer needed.

[0071] Next in FIG. 3A, the IPEx signal is set high, and a "page read" command 320 with no
trailing address data is re-issued (in step 332) to the command register in the register block
224 in order to provide data from the data registers to the output pin SOPx. Subsequently,
the OPEXx signal is set high (and IPEXx is returned to low), and the contents of the page
register 216 are transferred to the SOPx 312. The output data is provided (in step 334)
through the link interface 230 out of memory device 200. Error correction circuitry (not shown
in the figures) can check the output data and indicate a read error if an error is detected.
Those skilled in the art will understand that the monitoring of the status and re-assertion of
the page read command can be automatically done by the system. FIG. 3A is merely one
example of memory device operation in accordance with aspects of the invention, and the
invention is not so limited. For example, other memory commands and timing diagrams are
envisioned in accordance with various aspects of the invention.

[0072] For example, in FIG. 4, a simplified timing diagram for the "random data read"
command following a "page read" command is illustrated. The "random data read" command
enables the reading of additional data at a single or multiple column addresses subsequent

to a "page read" command or a "random data read" command. The data stream for a
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"random data read" command 402 is comprised of three bytes: command data (in the first
byte) and column address data (in the second and third bytes). No row address data is
required since data will be read from the same row selected in the "page read" command. A
"random data read" command issued after a normal "page read" command has completed
results in some of the data 404 from the current page (i.e., the page read during the earlier
command) being outputted. At least one benefit to the "random data read" command is the
increased efficiency with which data from the preselected page may be outputted since the
data is already present in a page register of circuit 212 corresponding to the memory bank
202.

[0073] Regarding FIG. 5A, a timing diagram for the "page program" command is illustrated.
Since the embodiment illustrated in FIG. 2A utilizes a serial data input and output link
structure, prior to beginning to program a page, the program data must first be loaded into a
bank page register. This is accomplished with the "serial data input command". The "serial
data input" command 502 is comprised of a serial data loading period during which up to a
page (e.g., 2,2112 bytes) of data is loaded into the page buffer in circuit 212. After the
process of loading the data register is complete, a "page start" command 504 is issued to
transfer the data from the bank register into the appropriate memory bank. Once command
504 is issued, the internal write state machine executes an appropriate algorithm and
controls timing to program and verify the operation. Therefore, according to an embodiment
of the invention, a "page start" command is divided into two steps: serial data input and
verification. Upon successful completion of a "page program" command, the memory bank
status indicator will provide a "pass" (as opposed to a "fail") result to indicate a successful
operation. In other respects, the timing diagram and steps involving in the example of FIG.
5A are similar to those of FIG. 3A, which was previously described in greater detail.

[0074] Moreover, FIG. 5B shows a simplified flowchart paralleling the operation of the "page
program" command in the timing diagram of FIG. 5A. In step 506, the "serial data input”
command 502 is input to the serial input port (SIP) line. The data stream input to the SIP line
in this example is a multi-byte serial data stream (i.e., serial input data) beginning with the
command data (in the first byte). Next, the column address data (in the second and third
bytes of the serial data stream) and row address/bank data (in the fourth, fifth, and sixth
bytes of the serial data stream) are input (in step 508) to the SIP line. The, the input data is
input (in step 510) to the SIP line in the subsequent bytes of the serial data stream. In step

512, a "program start" command 504 is issued. Next, to monitor the status of the operation, a
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"read status" command is written to the SIP line (in step 514). This results in the memory
device monitoring the status bits of the memory bank status register. Once the status bits
indicate that the memory bank is ready (in step 516) and that the memory bank indicates a
"pass" (in step 518), then the "page program" memory command has been successfully
performed.

[0075] In addition, the "page read for copy" and "target address input for copy" memory
commands are others operations performed by a memory device in accordance with aspects
of the invention. If the "page read for copy" command is written to the command register of
the serial link interface, then the internal source address (in 3 bytes) of the memory location
is written. Once the source address is inputted, the memory device transfers the contents of
the memory bank at the specified source address into a data register. Subsequently, the
"target address input for copy" memory command (with a 3-byte bank/row address
sequence) is used to specify a target memory address for the page copy operation. A "page
program" command may then be used to cause the internal control logic to automatically
write the page data to the target address. A "read status" command can be subsequently
used to confirm the successful execution of the command. Other memory operations will be
apparent to one skilled in the art after review of the entire disclosure herein.

[0076] Regarding FIG. 6A, a timing diagram for the "erase" (or "block erase") command is
illustrated. In addition, FIG. 6B shows a simplified flowchart paralleling the operation of the
"erase" command in the timing diagram of FIG. 6A. One skilled in the art is aware that
erasing typically occurs at the block level. For example, a Flash memory device 200 can
have, at each bank, 2,048 erasable blocks organized as 64 2,112-byte (2,048+64 bytes)
pages per block. Each block is 132K bytes (128K +4K bytes). The "erase" command
operates on one block at a time. Block erasing is started by writing command data 602 at
step 610 corresponding to the "erase" command (i.e., command data of '60h’) to the
command register via SIPx along with three bytes for row and bank addresses at step 612.
After the command and address input are completed, the internal erase state machine
automatically executes the property algorithm and controls all the necessary timing to erase
and verify the operation. Note that the "erase" operation may be executed by writing or
programming a logic value of "1 to every memory location in a block of memory. In order to
monitor the erase status to determine when the tBERS (i.e., block erase time) is completed,
the "read status" command 604 (e.g., command data corresponding 70h) may be issued at

step 614. After a "read status" command, all read cycles will be from the memory bank status
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register until a new command is given. In this example, the appropriate bit (e.g., bit 4) of the
memory bank status register reflects the state (e.g., busy or ready) of the corresponding
memory bank. When the bank becomes ready at step 618, the appropriate bit (e.g., bit O of
the memory bank status register is checked at step 620 to determine if the erase operation
passed (i.e., successfully performed) at step 622 or failed at step 624. In some respects, the
timing diagram and steps involving in the example of FIG. 6A are similar to those of FIG. 3A,
which was previously described in greater detail.

[0077] Regarding FIG. 7, the memory bank status indicator is read using the "read status"
memory command. When a "read status" command (i.e., "70h") is sent at 702 to the
command register 256 in FIG. 2C, the memory device 200 is instructed to monitor the status
of the memory bank 202 to, among other things, determine when the transfer of data from
the memory bank 202 to the page buffer in circuit 212 is successfully completed. Once the
"read status" command has been issued (e.g., sent to a command interpreter 262) the output
port enable (OPEX) signal is driven high and the contents of the memory bank status
indicator are outputted at 704 through the serial output (SOPx) port. The OPEX signal
enables the serial output port buffer (e.g., the data output register) when set to high. In the
example of FIG. 7, the memory bank status indicator is a 1 -byte (i.e., 8-bit) field with each bit
indicating, among other things, whether a memory bank (e.g., memory bank 202) is "busy" or
"ready" and/or whether a operation performed on a memory bank (e.g., "erase" command) is
has "passed" or "failed". One of skill in the art will appreciate that although the memory bank
status indicator is depicted in FIG. 7 as a 1-byte field, its size is not necessarily so limited. At
least one benefit of a larger status indicator is the ability to monitor the status of a greater
quantity of memory banks. In addition, it will be apparent to one skilled in the art that
although the status indicator of this example was implemented such that each bit designated
the status of a different memory bank, the invention is not so limited. For example, the value
of a combination of bits may be used to indicate the status of a memory bank (e.g., by using
logic gates and other circuitry).

[0078] FIGS. 8A, 8B, and 8C illustrate timing diagrams for a memory device in accordance
with aspects of the invention being used to perform concurrent operations using dual
independent serial data links 230 and 236. Some concurrent operations performed by a
memory device in accordance with aspects of the invention include, but are not limited to,
concurrent read, concurrent program, concurrent erase, read while program, read while

erase, and program while erase. FIG. 8A illustrates a concurrent "page read" operation being
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performed on bank A (bank 202) and bank B (bank 204). In FIG. 8A, bank A is represented
as "bank 0" while bank B is represented as "bank 1". FIG. 8B. Other concurrent operations
will become apparent to one skilled in the art upon review of the entire disclosure herein.
[0079] Referring to FIG. 8A, concurrent "page read" operations 802, 804 directed at different
memory banks in a memory device 200 are executed. In a memory device 200 with dual data
link interfaces 230, 236 a "page read" command 804 is issued through data link interface 236
(i.e., link 1) while a "page read" 802 is pending through data link interface 230 (i.e., link 0).
Although FIG. 8A shows the "page read" on bank O starting before the "page read" on bank
1, the two "page read" operations can begin substantially simultaneously and operate
concurrently. The outputted data 806, 808 from each of the "page read" commands is
simultaneously sent through their respective data link interfaces. Therefore, each data link
interface in memory device 200 may access any of the memory banks and operate
independently. At least one benefit of this feature is greater flexibility in system design and
an enhancement on device utilization (e.g. bus utilization and core utilization).

[0080] The path of the outputted data from the memory bank to the data link interface in FIG.
8A is similar to that of FIG. 3A discussed earlier. For example, the outputted data from
memory bank 204 flows from S/A and page buffer 218 through path switch 206 controlled by
a bank address for example, to output parallel-to-serial register block 240, and to serial data
link interface 236 (i.e., link 1). The simultaneous data transfer between memory banks 202
and 204 and serial data link interfaces 230, 236, respectively, will occur independently of
each other. As the bank address can control path switch 206, serial data link interface 236
can access bank 202 instead. The number of data link interfaces in memory device 200 is
not limited to the number of ports or pins on memory device 200. Nor is the number of link
interfaces in memory device 200 limited by the number of memory banks in the memory
device. For example, each data link interface may process a single input stream and/or a
single output stream.

[0081] Furthermore, in accordance with various aspects of the invention, FIG. 8B illustrates a
timing diagram of a "page read" command 810 and a "page program" command 812 directed
at different memory banks in a memory device 200 being performed concurrently. In this
example, a read operation ("page read" 810) is being performed in one of the plurality of
memory banks (e.g., memory bank 202) through serial data link interface 230. Meanwhile,
simultaneously, a write operation ("page program" 812) is being performed in another of the

plurality of memory banks (e.g. memory bank 204) through serial data link interface 236. In
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accordance with various aspects of the invention, each link in the memory device 200 may
access any of the memory banks and operate independently.

[0082] FIG. 8C is an illustrative timing diagram of a memory device 200 with two serial data
link interfaces and two memory banks performing concurrent memory operations. First, an
"erase" command 814 directed at memory bank 0 (bank 202) is issued from serial interface
link O (serial data link 230). While link O (serial data link 230) and memory bank 0 (bank 202)
are busy with the "erase" command 814, a "page program" command is received at the
memory device and directed to use link 1 (serial data link 236). Thus, a "page program"
command 816 is performed on memory bank 0 (bank 202) from serial data link interface 1
(serial data link 236). Meanwhile, simultaneously, a read command 818 is performed on
memory bank 1 (bank 204) by serial data interface 0 (serial data link 230). Data is transferred
between serial data link interface 0 (serial data link 230) and bank 0 (bank 202) during
memory command 814 and between the same link interface 0 (serial data link 230) and bank
| (bank 204) during memory command 818. Therefore, in accordance with aspects of the
invention, each link in the memory device 200 independently accesses any of the memory
banks (i.e., memory banks that are not busy).

[0083] It will be apparent to one skilled in the art, after review of the entirety disclosed
herein, that FIGS. 8A, 8B, and 8C illustrate merely some examples of concurrent memory
operations envisioned in accordance with the invention. Other examples of concurrent
operations include, but are not limited to, concurrent erase, read while program, read while
erase, program while erase, erase while program, and/or concurrent program. One skilled in
the art will recognize that the depiction of the order of the steps in the flowchart should not be
construed to limit the steps to only that particular order. For example, read and program
commands can be issued with or without read status commands.

[0084] FIG. 9 shows a more general description of two concurrent write operations between
a plurality of serial link interfaces and a plurality of memory banks in accordance with aspects
of the invention. FIG. 9 illustrates a method of writing data via a serial data link interface to a
memory bank in accordance with an embodiment of the invention. First, in step 902 a data
stream is received at a serial data link interface. The data stream contains command,
address and data that will be stored in registers. Next, in step 904 a serial data link interface
status indicator corresponding to the first serial data link interface is updated to indicate that
the first serial data link interface is being utilized. Step 904 includes changing a bit value in

the status register. The update in step 904 indicates that the particular interface is being
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utilized. In step 906, the data stream is parsed to extract a first memory bank identifier. The
memory bank identifier uniquely identifies a memory bank in the memory device. The
memory bank identifier may be included within an address field or other field of the data
stream. Next, after parsing the data stream to extract a memory bank identifier, in step 908 a
corresponding memory bank status indicator is updated. The updating occurring in steps 904
and 908 can be driven by control signals generated by control circuits within status/ID
register 210 for example. These control signals have been omitted from the included timing
diagrams for simplicity. Finally, in step 910 the data is routed between the first serial data link
and the first memory bank. It should be noted that step 910 has been simplified in this
general description, since data is first written to a memory bank page register and then
subsequently programmed into the memory bank.

[0085] Meanwhile, another write data operation is performed on a different memory bank via
a different serial data link interface concurrently with the operation 902 shown. In other
words, a second memory operation is concurrently performed using a second data stream
that is routed between a second serial data link interface and a second memory bank. First a
second data stream is received at a second one of the plurality of serial data link interfaces in
step 912. The serial data link interfaces referred to in steps 912 and 902 are all part of the
same memory device. In step 914 a serial data link interface status indicator corresponding
to the second data link interface is updated to indicate that the second serial data link
interface is being utilized. Next, the second data stream is parsed to extract a second
memory bank identifier in step 916. A memory bank status indicator corresponding to the
second memory bank identifier is updated to indicate that the second memory bank is being
utilized in step 918 and in step 920 data is routed between the second serial data link
interface and the second memory bank via the second memory bank's associated page
register, as previously described in relation to the "page program" command. In FIG. 9, once
the transfer of data has taken place, i.e., the serial data link interface has received all the
data to be written into the designated memory bank, the serial data link interface indicator
corresponding to each serial data link interface will be reset to indicate that the associated
link is now available, while the memory bank indicator will remain busy until all associated
data has been programmed, after which the memory bank indicator will indicate that the
associated bank has become available.

[0086] FIG. 10 comprises illustrative steps that may be performed when data is read from a

memory bank concurrently with the writing of data shown in steps 902 to 910 in FIG. 9
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(designated as steps 1010). FIG. 10 illustrates an example of some of the steps that may be
performed in completing the concurrent memory operations diagrammed in FIG. 7. Firstin
step 1002, a read request for data stored in a second memory bank is received from a
second one of the plurality of serial data link interfaces. In step 1004, a serial data link
interface status indicator corresponding to the second data link interface is updated to
indicate that the second serial data link interface is being utilized. A memory bank status
indicator corresponding to the second memory bank identifier is updated to indicate that the
second memory bank is being utilized in step 1006. Finally, in step 1008 data is routed
between the second memory bank and the second serial data link interface. One or more of
the steps shown in FIG. 10 may be performed concurrently.

[0087] Returning to FIG. 1B, the memory device shown includes a single data link interface
120 configuration that uses a virtual multiple link. FIG. 1B can be implemented with the
configuration of the input serial to parallel register 232 that has been previously described.
More generally, the embodiment of FIG. 1B can be implemented with the memory device
200, but with only one of the two serial data links being used. In conventional flash memory,
I/0 pins are occupied until an operation is complete. Therefore, no operation can be asserted
during device busy status, which reduces device availability and decreases overall
performance. In the example depicted in FIG. 1B, any available memory bank checked by
"read status" operation can be accessed after an operation has been initiated in one of the
two memory banks. Subsequently, the memory device can utilize the serial data link to
access available memory banks through the supplemental switch circuit. Therefore, in
accordance with this aspect of the invention, a single link may be used to access multiple
memory banks. This virtual multiple link configuration emulates multiple link operations using
a single link.

[0088] FIG. 12 illustrates a timing diagram of a memory device with two memory banks
performing memory operations using a virtual multiple link configureation in which a "page
program" in bank 0 and "page read" in bank 1 are to be executed. First, a "page program"
command 1202 directed at memory bank 0 is issued. The "page program" command has
already been described earlier, but to recap, the "serial data input" command is first
performed to load into the bank 0 page register that data to be programmed to bank O.
Subsequently, a "page program command is issued and the data is written from the page
register into bank 0. When a "read status" command 1204 is issued device, the device

indicates 1206 that bank 1 is "ready" (and that bank 0 is "busy"). Consequently, based on the
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virtual multiple link configuration in accordance with the invention, a "page read" command
1208 directed at memory bank 1 can be and is issued while memory bank 0 is busy. The
"page read" command has been previously described. A "read status" command 1210 can
be (and in FIG. 12 is shown to be) issued to determine the status of the memory banks. The
result of the "read status" command indicates during interval 1212 that both memory bank 0
and memory bank 1 are ready. Finally, a "page read" command 1214 (for bank 1) is issued
that results in the contents of the memory address corresponding to the bank 1 "page read"
command to be outputted on the serial output pin (SOP). Note that while the "page program"
operation on bank 0 is taking place, the serial data interface link pin SIP is available to
receive the "read status" command which identifies bank 1 as "ready". Similarly, once the
"page read" command on bank 1 has been initialized, the SIP pin is again available for a
"read status" command, indicating that both banks 0 and 1 are now ready. As a result, the
single serial data interface link can be used to access and check the status of both banks.
Aspects of the virtual multiple link feature implemented in FIG. 12 illustrate that the link is
available even while an earlier memory operation is pending. At least one benéefit arising from
this feature is the reduced pin count resulting from the virtual multiple link configuration.
Another benefit is the increased performance of the memory device.

[0089] In addition, when aspects of the virtual multiple link feature are implemented with
memory devices with dual or quad-link configurations, it may be desirable to consider all but
one of the links as being inactive. For example, three of the four links in quad-link
configuration (in FIG. 1C) may not be used and may be designated as NC (no connection).
At least one benefit of such an implementation is a reduction in the number of pins on the
memory device while maintaining link flexibility and availability.

[0090] In accordance with various aspects of the invention, FIG. 13A illustrates a daisy-chain
cascade configuration 1300 for serially connecting multiple memory devices 200. In
particular, Device 0 is comprised of a plurality of data input ports (SIPO, SIP 1), a plurality of
data output ports (SOPO, SOP1), a plurality of control input ports (IPEOQ, IPE1), and a plurality
of control output ports (OPEO, OPE1). These data and control signals are sent to the
memory device 1300 from an external source (e.g., memory controller (not shown)).
Moreover, in accordance with the invention, a second flash memory device (Device 1) may
be comprised of the same types of ports as Device 0. Device 1 may be serially connected to
Device 0. For example, Device 1 can receive data and control signals from Device 0. One or

more additional devices may also be serially connected alongside Device 0 and Device 1in a
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similar manner. The final device (e.g., Device 3) in the cascade configuration provides data
and control signals back to the memory controller after a predetermined latency. Each
memory device 200 (e.g., device 0, 1, 2, 3) outputs an echo (IPEQO, IPEQ1, OPEQO,
OPEQ1) of IPEO, IPE1, OPEO, and OPE1 (i.e., control output ports) to the subsequent
device. The previously described circuits in FIG. 2B illustrate how the signals can be passed
from one device to a subsequent daisy chained device. In addition, a single clock signal is
communicated to each of the plurality of serially connected memory devices.

[0091] In the aforementioned cascade configuration, device operations of the cascaded
memory device 1300 are the same as in a non-cascaded memory device 200. One skilled in
the art will recognize that the overall latency of the memory device 1300 may be increased in
a cascade configuration. For example, FIG. 14 depicts a highly-simplified timing diagram for
a "page read" memory command 1402 received at memory device 1300 and directed at a
memory bank in Device 2 in memory device 1300. The memory command is received at
memory device 1300 and sent through Device 0 and Device 1 to Device 2. For example, the
data stream corresponding to the "page read" command 1402 will be transferred from the
SIPO line of Device 0 in memory device 1300 through the circuitry of Device 0 and outputted
at the SOPO line of Device 0. The output of Device 0 is reflected in the simplified timing
diagram in FIG. 14 on the SOPx_DO output line at 1404. "SOPx_DQ" corresponds to serial
output port 0 on Device 0. Similarly, the data stream is subsequently received at SIPx_D1 on
Device 1 (at 1406) and sent through Device 1 to be outputted by Device 1 on the SOPx_D1
line at 1408. Next, the data stream is received at SIPx_D2 on Device 2 at 1410. In this
example, since the "page read" command is directed to a memory bank in Device 2, in a
manner similar to that described for the circuitry in memory device 200, the circuitry in Device
2 receives the "page read" command and controls the transfer of the requested data from a
memory bank in Device 2 to the SOPx_D2 output line on Device 2 at 1412. The data
outputted by Device 2 is received at Device 3 at 1414 and transferred through Device 3 and
outputted from memory device 1300. One skilled in the art will recognize from the simplified
timing diagram of FIG. 14 that a predetermined latency of four clock cycles resulted due to
the cascading configuration.

[0092] Meanwhile, the cascade configuration allows a virtually unlimited number of devices
to be connected without sacrificing device throughput. Aspects of the invention may be
beneficial in the implementation of multi-chip package solutions and solid state mass storage

applications. The incoming data stream in a cascaded device 1300 is similar to that of a non-
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cascaded memory device 200, however, the first byte of the data stream may be preceded
by a one-byte device identifier. For example, a value of "0000" in the first byte may indicate
Device 0, while a value of "0001" may indicate Device 1. Once skilled in the art will
understand that the device identifier need not necessarily be limited to one byte, but may be
increased or decreased as desired. Also, the device identifier need not necessarily be
positioned as the first byte in a data stream. For example, the size of the identifier may be
increased to accommodate more devices in a cascaded configuration and be positioned with
the address field of the data stream.

[0093] In one embodiment in accordance with the invention, the memory device 200 uses a
single monolithic 4 Gb chip. In another embodiment, the memory device uses a pair of
stacked chips for 8 Gb. In yet another embodiment, the memory device 1300 uses a stack of
four chips to make up 16 Gb. A flash memory device in accordance with various aspects of
the invention may be an improved solution for large nonvolatile storage applications such as
solid state file storage and other portable applications desiring non-volatility. The memory
device 1300 may benefit from a novel flash device cascade scheme for virtually unlimited
number of linked devices to accommodate system integration with greater expandability and
flexibility. The serial interface will provide additional performance improvement with higher
clock rate, better signal integrity and lower power consumption. The serial interface also
provides unlimited expandable 1/0 width without changing package configuration.
Furthermore, the one-side pad architecture of a memory device in accordance with the
invention, with fewer number of 1/O, greatly reduces chip package size.

[0094] FIG. 13B shows another example of system implementation of device connection in
daisy-chain cascade configuration using a plurality of the memory devices 1500 illustrated in
FIG. 15A. As described above with respect to FIGS. 15A and 15B, the memory devices
include a single serial input port (SIP), a single serial output port (SOP), a pair of input
enable (IPE) and output enable (OPE) ports, and corresponding pair of input enable echo
(IPEQ) and output enable echo (OPEQ) ports. In this cascade configuration a serial clock
output port (SCLKO) is added in every device. And serial clock input port name is changed to
SCLKI in order to distinguish it from serial clock output port (SCLKO). Additional circuitry
such as phase lock loop (PLL) or digital-phase lock loop (DLL) circuitry may be used in every
device in order to match (or synchronize) any phase difference between SCLKI and SCLKO

signals.
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[0095] Examples of some of the operations of cascaded memory devices in for a Flash 5

core architecture implementation are shown in Table 3 below. Table 3 lists the target device

address (TDA), possible OP (operation) codes and corresponding states of the column

address, row/bank address, and the input data.

TABLE 3
Command Set
Operation Target Device Column | Row/Bank | Input Data
Address OP Code | Address Address (1 Byte to
(1 Byte) (1 Byte) [ (2Bytes) | (3 Bytes) [ 2112 Bytes)
Page Read tda 00h Valid Valid —
Random Data Read tda 05h Valid — —
Page Read for Copy tda 35h — Valid —
Target Address Input for
Copy tda 8Fh — Valid —
Serial Data Input tda 80h Valid Valid Valid
Random Data Input tda 85h Valid — Valid
Page Program tda 10h — — —
Block Erase tda 60h — Valid —
Read Status tda 70h — — —
Read ID tda 90h — — —
Write Configuration tda AOh — — Valid
(1 Byte)
Register
Write DN (Device Name) 00h BOh — — —
Entry
Reset tda FFh — — —
Bank Select tda 20h — Valid (Bank) —

[0096] In some embodiments of the present invention, each device in system 1300 of FIG.

13A or in system 1310 of FIG. 13B may possess a unique device identifier that may be used

as a target device address (tda) in the serial input data. When receiving the serial input data,
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a flash memory device may parse the target device address field in the serial input data, and
determine whether the device is the target device by correlating the target device address
with the unique device identification number of the device.

[0097] Table 4 shows a preferred input sequence of the input data stream in accordance
with embodiments of the present invention, including the systems described in connection
with FIGS. 13A and 13B. The commands, addresses, and data are serially shifted in and out
of the memory device 1500, starting with the most significant bit. Serial input signal (SIP) is
sampled at the rising edges of serial clock (SCLK) while Input Port Enable (IPE) is HIGH.
Command sequences start with a one-byte target device address ("tda") and one-byte
operation code, also referred interchangeably as a command code ("cmd" in Table 3). By
starting the serial input signal with the one-byte target device address at the most significant
bit, the device may parse the target device address field prior to processing any additional
input data received. If the memory device is not the target device, it may transfer the serial
input data to another device prior to processing, thus saving additional processing time and

resources.
TABLE 4
Input Sequence in Byte Mode

Operation 18t o2nd |3 4 5h 6" 7" gh 2116™ [ 2119™

Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte | ...Byte | ...Byte
Page Read tda | cmd | ca ca ra ra ra — | —— | ——
Random Data Read tda | cmd | ca ca — — — — | —— | ——
Page Read for Copy | tda |cmd | ra ra ra — — — | — | ——
Target Address Input | tda | cmd
for Copy ra ra ra — — — | —— | ——
Serial Data Input tda | ecmd | ca ca ra ra ra | data | ...data | ...data
Random Data Input tda [ cmd [ ca ca |data|data | data | data|..data| ——
Page Program tda |emd | — — — — — —_ | —— | ——
Block Erase tda |emd | ra ra ra — — - | — | ——
Read Status tda |cmd | — — — — — — | —— | ——
Read ID tda |emd | — — — — — — | — | ——
Write Configuration tda | cmd [ data| — — — — — | —— | ——
Register
Write DN Entry tda |emd | — — — — — —_ | —— | ——
Reset tda |emd | — — — — — - | — | ——

[0098] The 1-byte TDA is shifted into the device, followed by the 1-byte cmb code. The most
significant bit (VSB) starts on the SIP and each bit is latched at the rising edges of serial

clock (SCLK). Depending on the command, the one-byte command code may be followed by
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column address bytes, row address bytes, bank address bytes, data bytes, and/or a
combination or none.

[0099] In embodiments of the present invention, the signal bus on a flash device is fully
multiplexed. Commands, addresses and data input/outputs may share the same pin. As an
example, the command sequence normally consists of one-byte target device address latch
cycles, one-byte command latch cycles, address latch cycles (e.g. 2-bytes for column
addresses, and 3-bytes for row addresses) and one byte or more (up to 2,112 bytes) data
input latch cycles if required. Every set of command instructions is followed by two extra
clock cycles after IPE makes a HIGH to LOW transition. In the case of a daisy-chain
cascaded configuration, the clock cycle delay after IPE transitions to LOW may depend on
the number of cascaded devices in the configuration. In embodiments of the present
invention, the serial input sequence is "byte-based", which means that IPE and SIP should
be valid for the unit of 8-clock cycles. If IPE makes a HIGH to LOW transition before the
completion of full byte (i.e. 8 clock cycles), the corresponding command and/or address
sequences will be ignored by device. For the case of data input sequence, the last
incomplete byte of input data will be ignored, but prior complete byte(s) of input data will be
valid.

[00100] FIGS. 16A, 16B, 17A, and 17B illustrate example timing diagrams relating to
the input and output latch timing of serial data at memory devices of the present invention.
[00101] FIG. 16A illustrates basic input latch timing consistent with the principles of the
present invention. When receiving data at a serial input port (SIP),
TDA/Command/Address/Data-Inputs are asserted through the SIP port and captured on the
rising edge of SCLK when CS# is LOW and IPE is HIGH. FIG. 16B is a clock diagram
illustrating in detail the input sequence in byte mode. The input data must be shifted in to the
device, most significant bit (MSB) first on SIP, each bit being latched at the rising edge of
SCLK.

[00102] FIG. 17A illustrates basic output latch timing consistent with principles of the
present invention. When sending data from a device through serial output ports (SOP), data
is asserted through SOP port on the rising edge of SCLK when CS# is LOW and OPE is
HIGH. The serial data output on SOP is synchronously shifted out at the rising edge of
SCLK. FIG. 17B is a clock diagram illustrating in detail the output sequence in byte mode.
The output data is shifted from the device, most significant bit (MSB) first on SOP, each bit

being synchronized at the rising edge of SCLK.
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[00103] As stated earlier, the memory devices can be dual-bank memories, where
each bank can be accessed by any serial link. Alternatively, in other embodiments of the
invention, memory devices may include a single memory bank and single serial interface.
The serial interface of the memory device greatly improves data throughput over traditional
parallel interface schemes, while supporting feature-rich operations. For example, a program
operation can be performed in 200 us on a (2K+64) byte page and an erase operation can
be performed in 1.5 ms on a (128K+4K) byte block. An on-clip write controller may be used
to automate all program and erase functions including pulse repetition, where used, and
internal verification and margining of data. In write-intensive systems, ECC (Error Correcting
Code) with real time mapping-out algorithm may be used to enhance the extended reliability
of 100K program/erase cycles in the memory device.

[00104] The usefulness of the various aspects of the invention should be apparent to
one skilled in the art. The use of any and all examples or exemplary language herein (e.g.,
"such as") is intended merely to better illuminate the invention and does not pose a limitation
on the scope of the invention unless otherwise claimed. No language in the specification
should be construed as indicating any non-claimed element as essential to the practice of the
invention.

[00105] The present invention has sometimes been described in terms of preferred
and illustrative embodiments thereof. Numerous other embodiments, modifications and
variations within the scope and spirit of the appended claims will occur to persons of ordinary

skill in the art from a review of this disclosure.
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WHAT IS CLAIMED IS:

1. A flash memory device comprising:

a flash memory comprising a plurality of erasable blocks, each erasable block
comprising a plurality of pages, each page comprising a plurality of flash memory cells;

a clock input port configured to receive a clock signal;

at least one common data interface configured to transfer command data, address
data, input data and output data, wherein at least one of command data, address data, input
data and output data is transferred in synchronization with both rising and falling edges of the
clock signal when the flash memory device is in a double data rate configuration;

a control input port configured to receive a control signal, wherein a transition of the
control signal from an inactive state to an active state indicates a beginning of command data
being received at the at least one common data interface;

a control circuitry configured to execute a page program operation to store the input
data on a selected page, and to execute a read operation to retrieve the output data from the
flash memory cells in accordance to the command data and address data received at the at
least one common data interface; and

a status register configured to indicate a status of the flash memory device.

2. The flash memory device as claimed in claim 1, wherein the command data is latched
at the first rising edge of the clock signal after the transition of the control signal.

3. The flash memory device as claimed in claim 1, wherein the status register is further
configured to provide a result of the page program operation after the page program
operation is completed.

4, The flash memory device as claimed in claim 1, further comprising a clock output port
configured to transmit a clock output signal synchronized with the output data when the flash

memory device is in the double data rate configuration.

5. The flash memory device as claimed in claim 4, further comprising a delay lock loop

(DLL) to synchronize the clock output signal with the clock signal.
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6. The flash memory device as claimed in claim 1, wherein a transition of the control
signal from the active state to the inactive state indicates an end of the transfer of the at least

one of command data, address data, input data and output data.

7. The flash memory device as claimed in claim 1, wherein the flash memory device is a

NAND flash memory device.

8. The flash memory device as claimed in claim 1, wherein the flash memory device is a

NOR flash memory device.

9. The flash memory device as claimed in claim 1, wherein the flash memory cell is a

single-level-cell.

10. The flash memory device as claimed in claim 1, wherein the flash memory cell is a

multi-level-cell.

11. The flash memory device as claimed in claim 1, wherein the at least one common
data interface comprises a single-bit serial data input and output.

12. The flash memory device as claimed in claim 1, wherein the at least one common
data interface comprises multi-bit serial data input and output.

13. The flash memory device as claimed in claim 1, wherein the control circuitry is
configured to perform the read operation during a time period that overlaps with a time period
for the page program operation.

14. The flash memory device as claimed in claim 1, further comprising a second control
input port configured to receive a reset signal, wherein the status register is configured to be

reset when the reset signal is received at the second control input port.

15. The flash memory device as claimed in claim 1, further comprising an error correcting

code (ECC) configured to be utilized during the page program operation.
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16. The flash memory device as claimed in claim 1, wherein the control circuitry is

configured to automate the page program operation including an internal verification.

17. A method of operating a flash memory device, the flash memory device comprising a
clock input port, a control input port, at least one common data interface, a control circuitry, a
status register, and a plurality of flash memory arrays, each flash memory array comprising a
plurality of erasable blocks, each erasable block comprising a plurality of pages, each page
comprising a plurality of flash memory cells, the method comprising:

providing a clock signal to the clock input port;

transferring command data, address data, input data and output data to and from the
at least one common data interface, wherein at least one of command data, address data,
input data and output data is transferred in synchronization with both rising and falling edges
of the clock signal when the flash memory device is in a double data rate configuration;

providing a control signal to the control input port, wherein a first transition of the
control signal from an inactive state to an active state indicates a beginning of command data
being provided at the at least one common data interface;

providing a page program command to the control circuitry to perform a page
program operation to store the input data on a selected page of the flash memory device;

providing a read command to retrieve the output data from the flash memory cells;
and

providing a read status command to access the status register and determine a
status of the flash memory device.

18. The method of claim 17, further comprising receiving a result of the page program
operation after the page program operation is completed.

19. The method of claim 17, further comprising, receiving a clock output signal from a
clock output port of the flash memory device in synchronization with the output data when the

flash memory device is in the double data rate configuration.

20. The method of claim 17, wherein a second transition of the control signal from the
active state to the inactive state indicates an end of the transfer of the at least one of

command data, address data, input data and output data.
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21. The method of claim 17, wherein the providing a read command occurs during a time

period that overlaps with a time period for the page program operation.

-39 -

96



ABSTRACT

An apparatus, system, and method for controlling data transfer to an output port of a
serial data link interface in a semiconductor memory is disclosed. In one example, a flash
memory device may have multiple serial data links, multiple memory banks and control input
ports that enable the memory device to transfer the serial data to a serial data output port of
the memory device. In another example, a flash memory device may have a single serial
data link, a single memory bank, a serial data input port, a control input port for receiving
output enable signals. The flash memory devices may be cascaded in a daisy-chain

configuration using echo signal lines to serially communicate between memory devices.
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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.

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

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The informaticn 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 (O Legal Representative under 35 US.C. 117 () JointInventor

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

Conversant Intellectual Property Management Inc.

Mailing Address Information For Applicant:

Address 1 515 Legget Drive

Address 2 Suite 704

City Cttawa State/Province or
(:ountryI CA Postal Code K2K 3G4
Phone Number Fax Number

Email Address

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

Assignee 1
Complete this section if assighee 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

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Country i Postal Code
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
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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

/Shin Hung/

Date (YYYY-MM-DD)

First Name

Shin

Last Name

Hung

Registration Number

55497

Additional Signature may be generated within this form by selecting the Add button.
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