Attorney Docket No. | NL023-02US01

UTILITY
PATENT APPLICATION First Inventor Jefferey C. Solomon
TRANSMITTAL Title MEMORY MODULE WITH DATA BUFFERING
(Only for new nonprovisional applications under 37 CFR § 1.53(b)) Electronically filed | August 16, 2021
APPLICATION ELEMENTS Address to: Commissioner for Patents
P.O. Box 1450
See MPEP Chapter 600 concerning utility patent application contents. Alexandria, VA 22313-1450

1. ] Fee Transmittal Form (with duplicate for fee processing) ACCOMPANYING APPLICATION PARTS

2. [] Applicant claims Small Entity status, see 37 C.F.R. § 1.27 | 9. [[] Assignment Papers (cover sheet & document(s))
3. X Specification [Total Pages 57 ] Name of Assignee:

4.[X] Drawing(s) (35 USC § 113) [Total Sheets 23] 10.[X] 37 CFR § 3.73(c) Statement

5.[X Oath or Declaration [Total Pages 1] a. X Power of Attorney

a. [] Newly executed (original or copy) . . ] ]
b. [X] Copy from a prior application (37 CFR § 1.63(d)) 11. [] English Translation Document (if applicable)

6. X] Application Data Sheet, see 37 C.F.R. § 1.76 12.[] Information Disclosure Statement and PTO-1449
a. [] Copies of citations attached
7.[] CD-ROM or CD-R in duplicate, large table or Computer 13.[] Preliminary Amendment

Program (Appendix)

[] Landscape Table on CD

8. [ Nucleotide and/or Amino Acid Sequence Submission 14.[] Return Receipt Postcard (MPEP 503)
(if applicable, all necessary)
a. [JComputer Readable Form (CRF) 15. [] Certified Copy of Priority Document(s)

b. [ISpecification Sequence Listing on
i. [J CD-ROM or CD-R (2 copies); or
i. ] Paper 16. [] Non-Publication Request

) under 35 U.S.C. § 122 (b)(2)(B)(i)

(if foreign priority is claimed)

c. [] statement verifying identity of above copies
17.[] Other:

Note: (1) Benefit claims under 37 CFR 1.78 and foreign priority claims under 1.55 MUST be included in an Application
Data Sheet (ADS).
(2) For applications filed under 35 U.S.C. 111, the application must contain an ADS specifying the applicant if the
applicant is an assignee, person to whom the inventor is under an obligation to assign, or person who otherwise
shows sufficient proprietary interest in the matter. See 37 CFR 1.46(b).

19. CORRESPONDENCE ADDRESS: Customer Number 79141

Signature / Jamie J. Zheng / pate | August 16, 2021
Nam H Registration No.
@y | Jamie J. Zheng Koo, | 51167
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PTO/AIA/ 4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Attorney Docket Number | NL023-02US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

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

Inventor Information:

Remove
Inventor ‘1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix|
| El llefferey ’C Folomon | El
Residence Information (Select One) e US Residency Non US Residency Active US Military Service

City ‘ Irvine I State/Province ‘ FA I Country of Residencd ‘ IJS

Mailing Address of Inventor:

Address 1 6 Silver Fir

Address 2

City | Irvine I State/Province | )CA

Postal Code | |92604 | Countryi | ‘US

Inventor E

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| El llayesh F I3hakta | El
Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

City ‘ Ferritos I State/Province ‘ FA I Country of Residencd ‘ IJS

Mailing Address of Inventor:

Address 1 2220 Rose Street

Address 2

City | Ferritos | State/Province | )CA
Postal Code | |90703 | Countryi | ‘US

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

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

EFS Web 2213
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Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | NL023-02US02
Application Number

Application Data Sheet 37 CFR 1.76

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

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

Customer Number 9141

Email Address ‘ Add Email Remove Email

Application Information:

Title of the Invention EMORY MODULE WITH DATA BUFFERING

Attorney Docket Number| NL023-02US02 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter | Hility -
Total Number of Drawing Sheets (if any) 23 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

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

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

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

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

] 35 U.5.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in ancther country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: e Customer Number US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)
Customer Number |79141

EFSWeb 2213
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Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. i Attorney Docket Number | NL023-02US02
Application Data Sheet 37 CFR 1.76 —
Application Number
Title of Invention MEMORY MODULE WITH DATA BUFFERING
Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.
Prior Application Status Fending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Continuation of ~f 16/695020 ’2019—1 1-25
Prior Application Status | Patented - Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|16l695020 ’Continuation of -| frsies7519 |2017—12—28 ‘10489314 Po19-1 1-26
Prior Application Status‘ Fatented EI Remove
Application L Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|15l857519 )Continuation of - |14/715486 |2015—05—18 }9858215 P018—01—02
Prior Application Status‘ Fatented EI
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | vyyy MM DD)
|14IT15486 ’Conlinuation of - |1 31971231 |2013—08—20 P037774 )2019-05-19
Prior Application Status‘ Fatented EI
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | vvyy_Mm-DD)
|13/971231 )Continuation of -] harezos |201 1-11-01 )8516188 P013—08—20
Prior Application Status‘ Ijatented EI
Application L Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|1 3/287081 )Continuation of -] f13w32470 |201 1-02-22 )8081536 Pm 1-1220
Prior Application Status‘ Falented EI Remove
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|1 3/032470 ’Continuation of -] haress711 |2010-1 1-29 ’7916574 Pm 1-03-29
Prior Application Status‘ Fatented EI Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
|1 2955711 ’Continuation of - |12/629827 |2009-12-02 ﬁ81 150 Pm 1-02-01
Prior Application Status‘ Fatented EI
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | vyyy My DD)
|1 21629827 )Continuation of - |12/408652 |2009-03-20 P636274 p009-12-22
EFSWeb 2213
Petitioners
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PTO/AIA/M4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

NL023-02US02

Application Number

Title of Invention

MEMORY MODULE WITH DATA BUFFERING

by selecting the Add button.

Prior Application Status‘ Fatented EI
Application - Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number | vyyy Mm-DD)
121408652 ’Continuation of +| h1i3asers |2006—01—19 ﬁ532537 )2009-05-12
Prior Application Status IExpired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[11/335875 Claims benefit of provisional ~| 60/645087 P005-01-19
Prior Application Status | JPatented v
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
111335875 ’Conlinuation in part of [+] [11173175 |2005-07-01 ’7289386 P007-10-30
Prior Application Status Fxpired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
11/173175 Claims benefit of provisional |~ 60/588244 ’2004—07—15
Prior Application Status | Patented - Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
111173175 )Continuation in part of [+| 11075395 |2005-03-07 ’7286436 P007-10-23
Prior Application Status Fxpired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[11/075395 [Claims benefit of provisional »| 60/550668 P004-03-05
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[11/075395 [Claims benefit of provisional ~| 60/575595 P004-05-28
Prior Application Status | [Expired -
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[11/075395 Claims benefit of provisional ~| 60/590038 P004-07-21
Additional Domestic Benefit/National Stage Data may be generated within this form A

Foreign Priority Information:

EFSWeb 2213
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PTO/AIA/ 4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | NL023-02US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

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

Remove

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

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

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

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFSWeb 2213
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PTO/AIA/ 4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | NL023-02US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

Authorization or Opt-Out of Authorization to Permit Access:

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

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

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

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

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

).

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

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

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

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT 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.

EFSWeb 2213
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PTO/AIA/ 4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | NL023-02US02

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

Applicant Information:

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

Applicant 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 information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

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

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

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Netlist, Inc.

Mailing Address Information For Applicant:

Address 1 75 Technology

Address 2 Suite 150

City rvine State/Province CA
Country | 'JS Postal Code 02618
Phone Number Fax Number

Email Address

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

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.

EFSWeb 2213
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Approved for use through 11/30/2020. OMB 0651-0032

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

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

Attorney Docket Number | NL023-02US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

Assignee (1

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

If the Assignee or Non-Applicant Assignee is an Organization check here. []
Prefix Given Name Middle Name Family Name Suffix

N | ]

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City | State/Province
Countryi ‘ I Postal Code
Phone Number Fax Number

Email Address

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

selecting the Add button. Add

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 ([/Jamie J. Zheng/ Date (YYYY-MM-DD)| 2021-08-16
First Name Pamie J. Last Name | ’Zheng Registration Number 1167
Additional Signature may be generated within this form by selecting the Add button. Add

EFSWeb 2213
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Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number

NL023-02US02

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MEMORY MODULE WITH DATA BUFFERING

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFSWeb 2213
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

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

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

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

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

4. Arecord in this system of records may be disclosed, as a routine use, tc a contractor of the Agency having need for the information in order tc 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 US.C.
552a(m).

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

6.  Arecord in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

7. Arecord from this systemn 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
pregrams, under authority of 44 U.5.C. 2604 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

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

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

EFS Web 2213
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MEMORY MODULE WITH DATA BUFFERING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application is a continuation of U.S. Pat. Appl. No. 16/695,020,
filed November 25, 2019, which is a continuation of U.S. Pat. Appl. No. 15/857,519, filed
December 28, 2017, (US Pat. No. 10,489,314), which is a continuation of U.S. Pat. Appl. No.
14/715,486, filed May 18,2015, (U.S. Pat. No. 9,858,215), which is a continuation of U.S. Pat.
Appl. No. 13/971,231, filed August 20, 2013, (Pat. No. 9,037,774), which is a continuation of
U.S. Pat. Appl. No. 13/287,081, filed November 1, 2011, (U.S. Pat. No. 8,516,188), which is
a continuation of U.S. Pat. Appl. No. 13/032,470, filed February 22, 2011, (U.S. Pat. No.
8,081,536), which is a continuation of U.S. Pat. Appl. No. 12/955,711, filed November 29,
2010, (U.S. Pat. No. 7,916,574), which is a continuation of U.S. Pat. Appl. No. 12/629,827,
filed December 2, 2009, (U.S. Pat. No. 7,881,150), which is a continuation of U.S. Pat. Appl.
No. 12/408,652, filed March 20, 2009, (U.S. Pat. No. 7,636,274), which is a continuation of
U.S. Pat. Appl. No. 11/335,875, filed January 19, 2006, (U.S. Pat. No. 7,532,537), which
claims the benefit of U.S. Provisional Appl. No. 60/645,087, filed January 19, 2005 and which
is a continuation-in-part of U.S. Pat. Appl. No. 11/173,175, filed July 1, 2005, (U.S. Pat. No.
7,289,386), which claims the benefit of U.S. Provisional Appl. No. 60/588,244, filed July 15,
2004 and which is a continuation-in-part of U.S. Pat. Appl. No. 11/075,395, filed March 7,
2005, (U.S. Pat. No. 7,286,436), which claims the benefit of U.S. Provisional Appl. No.
60/550,668, filed March 5, 2004, U.S. Provisional Appl. No. 60/575,595, filed May 28, 2004,
and U.S. Provisional Appl. No. 60/590,038, filed July 21, 2004. U.S. Pat. Appl. Nos.
16/695,020, 15/857,519, 14/715,486, 13/287,081, 13/032,470, 12/955,711, 12/629,827,
12/408,652, 11/335,875, 11/173,175, and 11/075,395, and U.S. Provisional Appl. Nos
60/550,668, 60/575,595, 60/590,038, 60/588,244, and 60/645,087, are each incorporated in its

entirety by reference herein.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The present invention relates generally to memory modules of a computer
system, and more specifically to devices and methods for improving the performance, the

memory capacity, or both, of memory modules.
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2. Description of the Related Art

[0003] Certain types of memory modules comprise a plurality of dynamic random-
access memory (DRAM) devices mounted on a printed circuit board (PCB). These memory
modules are typically mounted in a memory slot or socket of a computer system (e.g., a server
system or a personal computer) and are accessed by the processor of the computer system.
Memory modules typically have a memory configuration with a unique combination of rows,

columns, and banks which result in a total memory capacity for the memory module.

[0004] For example, a 512-Megabyte memory module (termed a “512-MB”
memory module, which actually has 2% or 536,870,912 bytes of capacity) will typically utilize
eight 512-Megabit DRAM devices (each identified as a “512-Mb” DRAM device, each
actually having 2%° or 536,870,912 bits of capacity). The memory cells (or memory locations)
of each 512-Mb DRAM device can be arranged in four banks, with each bank having an array
of 22* (or 16,777,216) memory locations arranged as 2! rows and 2!! columns, and with each
memory location having a width of 8 bits. Such DRAM devices with 64 M 8-bit-wide memory
locations (actually with four banks of 227 or 134,217,728 one-bit memory cells arranged to
provide a total of 2% or 67,108,864 memory locations with 8 bits each) are identified as having
a “64 Mbx8” or “64 Mx8-bit” configuration, or as having a depth of 64 M and a bit width of
8. Furthermore, certain commercially-available 512-MB memory modules are termed to have
a “64 Mx8-byte” configuration or a “64 Mx64-bit” configuration with a depth of 64 M and a
width of 8 bytes or 64 bits.

[0005] Similarly, a 1-Gigabyte memory module (termed a “1-GB” memory module,
which actually has 2°° or 1,073,741,824 bytes of capacity) can utilize eight 1-Gigabit DRAM
devices (each identified as a “1-Gb” DRAM device, each actually having 23°or 1,073,741,824
bits of capacity). The memory locations of each 1-Gb DRAM device can be arranged in four
banks, with each bank having an array of memory locations with 2'*rows and 2!! columns, and
with each memory location having a width of 8 bits. Such DRAM devices with 128 M 8-bit-
wide memory locations (actually with a total of 227 or 134,217,728 memory locations with 8
bits each) are identified as having a “128 Mbx8” or “128 Mx8-bit” configuration, or as having
a depth of 128 M and a bit width of 8. Furthermore, certain commercially-available 1-GB
memory modules are identified as having a “128 Mx8-byte” configuration or a “128 Mx64-

bit” configuration with a depth of 128 M and a width of 8 bytes or 64 bits.
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[0006] The commercially-available 512-MB (64 M x8-byte) memory modules and
the 1-GB (128 Mx8-byte) memory modules described above are typically used in computer
systems (e.g., personal computers) which perform graphics applications since such “x8”
configurations are compatible with data mask capabilities often used in such graphics
applications. Conversely, memory modules with “x4” configurations are typically used in
computer systems such as servers which are not as graphics-intensive. Examples of such
commercially available “x4” memory modules include, but are not limited to, 512-MB (128

Mx4-byte) memory modules comprising eight 512-Mb (128 Mbx4) memory devices.

[0007] The DRAM devices of a memory module are generally arranged as ranks
or rows of memory, each rank of memory generally having a bit width. For example, a memory
module in which each rank of the memory module is 64 bits wide is described as having an
“x64” organization. Similarly, a memory module having 72-bit-wide ranks is described as

having an “x72” organization.

[0008] The memory capacity of a memory module increases with the number of
memory devices. The number of memory devices of a memory module can be increased by
increasing the number of memory devices per rank or by increasing the number of ranks. For
example, a memory module with four ranks has double the memory capacity of a memory
module with two ranks and four times the memory capacity of a memory module with one
rank. Rather than referring to the memory capacity of the memory module, in certain

circumstances, the memory density of the memory module is referred to instead.

[0009] During operation, the ranks of a memory module are selected or activated
by address and command signals that are received from the processor. Examples of such
address and command signals include, but are not limited to, rank-select signals, also called
chip-select signals. Most computer and server systems support one-rank and two-rank memory
modules. By only supporting one-rank and two-rank memory modules, the memory density

that can be incorporated in each memory slot is limited.

[0010] Various aspects of the design of a memory module impose limitations on
the size of the memory arrays of the memory module. Certain such aspects are particularly
important for memory modules designed to operate at higher frequencies. Examples of such
aspects include, but are not limited to, memory device (e.g., chip) densities, load fan-out, signal

integrity, available rank selects, power dissipation, and thermal profiles.
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SUMMARY OF THE INVENTION

[0011] A memory module according to some embodiments is operable in a
computer system that includes a memory controller coupled to a memory bus. The memory
bus includes address and control signal lines and data signal lines. The memory module
comprises a printed circuit board having a plurality of edge connections configured to be
electrically coupled to a corresponding plurality of contacts of a module slot of the computer
system, and logic coupled to the printed circuit board and configurable to receive input address
and control signals associated with a read or write memory command via the address and
control signal lines and to output registered address and control signals corresponding to the
input address and control signals. The input address and control signals include a plurality of
input chip select signals and other input address and control signals. The plurality of input chip
select signals at least include a first input chip select signal and a second input chip select
signal. In some embodiments, the first input chip select signal can have an active value while
the second input chip select signal as an inactive value. The registered address and control
signals include a plurality of registered chip select signals and other registered address and
control signals. The plurality of registered chip select signals at least include a first registered
chip select signal corresponding to the first input chip select signal and a second registered
chip select signal corresponding to the second input chip select signal. In some embodiments,
the first registered chip select signal can have an active value while the second registered chip
select signal has an inactive value. In some embodiments, the logic is further configurable to

output data transfer control signals associated with the read or write memory command.

[0012] The memory module further comprises memory devices mounted on the
printed circuit board. The memory devices at least include first memory devices and second
memory devices. In some embodiments, the first memory devices are configured to receive the
first registered chip select signal and the other registered address and control signals, and to
receive or output data signals associated with the read or write command. In some
embodiments, the second memory devices are configured to receive the second registered chip

select signal and the other registered address and control signals.

[0013] The memory module further comprises circuitry coupled between the
memory devices and the data signal lines in the memory bus. In some embodiments, the

circuitry is configurable to be in any of a plurality of states including a first state and a second
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state, and is configurable to transition from the first state to the second state in response to the
data transfer control signals. In some embodiments, the circuitry in the first state is configured
to disable signal communication through the circuitry. In some embodiments, the circuitry in
the second state is configured to transfer the data signals associated with the read or write
command via registered data transfers in accordance with a transfer time budget of the memory
module. In some embodiments, the transfer time budget of the memory module includes a
predetermined amount of time delay associated with the registered data transfers through the
circuitry. In some embodiments, an overall CAS latency of the memory module is greater than
an actual operational CAS latency of each of the memory devices by at least the predetermined

amount of time delay.

[0014] In some embodiments, the memory module further comprises a phase
locked loop clock driver configured to output a clock signal in response to one or more signals
received from the memory controller, and the predetermined amount of time delay is at least
one clock cycle time delay. In some embodiments, the memory devices are dynamic random
access memory devices configured to operate synchronously with the clock signal, and wherein
each memory device in the one of the plurality of ranks is configured receive or output a
respective set of bits of the first burst of N-bit wide data signals on both edges of each of a

respective set of data strobes.

[0015] In some embodiments, the circuitry includes data paths that are disabled
when the circuitry is in the first state and enabled when the circuitry is in the second state. In
some embodiments, the data paths are disabled when no data signals associated with any

memory command are being transferred through the circuitry.

[0016] In some embodiments, each of the memory devices has a corresponding
load, and the circuitry is configured to isolate the loads of the memory devices from the

memory bus.

[0017] In some embodiments, the memory module has a specified data rate, and

wherein the data signals are transferred through the data paths at the specified data rate.
BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 schematically illustrates an example memory module in accordance

with certain embodiments described herein.
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[0019] FIG. 2 schematically illustrates a circuit diagram of two memory devices of

a conventional memory module.

[0020] FIGS. 3A and 3B schematically illustrate example memory modules having
a circuit which selectively isolates one or both of the DQ data signal lines of the two memory

devices from the computer system in accordance with certain embodiments described herein.

[0021] FIGS. 4A and 4B schematically illustrate example memory modules having
a circuit which selectively isolates one or both of the DQ data signal lines of the two ranks of
memory devices from the computer system in accordance with certain embodiments described

herein.

[0022] FIGS. 5A-5D schematically illustrate example memory modules having a
circuit comprising a logic element and one or more switches operatively coupled to the logic

element in accordance with certain embodiments described herein.

[0023] FIG. 6A shows an exemplary timing diagram of a gapless read burst for a

back-to-back adjacent read condition from one memory device.

[0024] FIG. 6B shows an exemplary timing diagram with an extra clock cycle
between successive read commands issued to different memory devices for successive read

accesses from different memory devices.

[0025] FIG. 7 shows an exemplary timing diagram in which the last data strobe of
memory device “a” collides with the pre-amble time interval of the data strobe of memory

device “b.”

[0026] FIGS. 8A-8D schematically illustrate circuit diagrams of example memory
modules comprising a circuit which multiplexes the DQS data strobe signal lines from one

another in accordance with certain embodiments described herein.

[0027] FIG. 9A schematically illustrates an example memory module with four

ranks of memory devices compatible with certain embodiments described herein.

[0028] FIG. 9B schematically illustrates an example memory module with two

ranks of memory devices compatible with certain embodiments described herein.

[0029] FIG. 9C schematically illustrates another example memory module in

accordance with certain embodiments described herein.
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[0030] FIG. 10A schematically illustrates an exemplary memory module which

doubles the rank density in accordance with certain embodiments described herein.

[0031] FIG. 10B schematically illustrates an exemplary circuit compatible with

embodiments described herein.

[0032] FIG. 11A schematically illustrates an exemplary memory module which

doubles number of ranks in accordance with certain embodiments described herein.

[0033] FIG. 11B schematically illustrates an exemplary circuit compatible with

embodiments described herein.

[0034] FIG. 12 schematically illustrates an exemplary memory module in which a
data strobe (DQS) pin of a first memory device is electrically connected to a DQS pin of a

second memory device while both DQS pins are active.

[0035] FIG. 13 is an exemplary timing diagram of the voltages applied to the two

DQS pins due to non-simultaneous switching.

[0036] FIG. 14 schematically illustrates another exemplary memory module in
which a DQS pin of a first memory device is connected to a DQS pin of a second memory

device.

[0037] FIG. 15 schematically illustrates an exemplary memory module in

accordance with certain embodiments described herein.

[0038] FIGS. 16A and 16B schematically illustrate a first side and a second side,
respectively, of a memory module with eighteen 64 Mx4 bit, DDR-1 SDRAM FBGA memory

devices on each side of a 184-pin glass-epoxy printed circuit board.

[0039] FIGS. 17A and 17B schematically illustrate an exemplary embodiment of a
memory module in which a first resistor and a second resistor are used to reduce the current

flow between the first DQS pin and the second DQS pin.

[0040] FIG. 18 schematically illustrates another exemplary memory module

compatible with certain embodiments described herein.

[0041] FIG. 19 schematically illustrates a particular embodiment of the memory
module schematically illustrated by FIG. 18.
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DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS
Load Isolation

[0042] FIG. 1 schematically illustrates an example memory module 10 compatible
with certain embodiments described herein. The memory module 10 is connectable to a
memory controller 20 of a computer system (not shown). The memory module 10 comprises a
plurality of memory devices 30, each memory device 30 having a corresponding load. The
memory module 10 further comprises a circuit 40 electrically coupled to the plurality of
memory devices 30 and configured to be electrically coupled to the memory controller 20 of
the computer system. The circuit 40 selectively isolates one or more of the loads of the memory
devices from the computer system. The circuit 40 comprises logic which translates between a
system memory domain of the computer system and a physical memory domain of the memory

module 10.

[0043] As used herein, the term “load” is a broad term which includes, without
limitation, electrical load, such as capacitive load, inductive load, or impedance load. As used
herein, the term “isolation” is a broad term which includes, without limitation, electrical
separation of one or more components from another component or from one another. As used
herein, the term “circuit” is a broad term which includes, without limitation, an electrical
component or device, or a configuration of electrical components or devices which are
electrically or electromagnetically coupled together (e.g., integrated circuits), to perform

specific functions.

[0044] Various types of memory modules 10 are compatible with embodiments
described herein. For example, memory modules 10 having memory capacities of 512-MB, 1-
GB, 2-GB, 4-GB, 8-GB, as well as other capacities, are compatible with embodiments
described herein. Certain embodiments described herein are applicable to various frequencies
including, but not limited to 100 MHz, 200 MHz, 400 MHz, 800 MHz, and above. In addition,
memory modules 10 having widths of 4 bytes, 8 bytes, 16 bytes, 32bytes, or 32bits, 64 bits,
128 bits, 256 bits, as well as other widths (in bytes or in bits), are compatible with embodiments
described herein. In certain embodiments, the memory module 10 comprises a printed circuit
board on which the memory devices 30 are mounted, a plurality of edge connectors configured
to be electrically coupled to a corresponding plurality of contacts of a module slot of the

computer system, and a plurality of electrical conduits which electrically couple the memory
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devices 30 to the circuit 40 and which electrically couple the circuit 40 to the edge connectors.
Furthermore, memory modules 10 compatible with embodiments described herein include, but
are not limited to, single in-line memory modules (SIMMs), dual in-line memory modules
(DIMMs), small-outline DIMMs (SO-DIMMs), unbuffered DIMMs (UDIMMs), registered
DIMMs (RDIMMs), fully-buffered DIMM (FBDIMM), rank-buffered DIMMs (RBDIMMs),
mini-DIMMs, and micro-DIMMSs.

[0045] Memory devices 30 compatible with embodiments described herein include,
but are not limited to, random-access memory (RAM), dynamic random-access memory
(DRAM), synchronous DRAM (SDRAM), and double-data-rate DRAM (e.g., SDR, DDR-1,
DDR-2, DDR-3). In addition, memory devices 30 having bit widths of 4, 8, 16, 32, as well as
other bit widths, are compatible with embodiments described herein. Memory devices 30
compatible with embodiments described herein have packaging which include, but are not
limited to, thin small-outline package (TSOP), ball-grid-array (BGA), fine-pitch BGA (FBGA),
micro-BGA (UBGA), mini-BGA (mBGA), and chip-scale packaging (CSP). Memory devices
30 compatible with embodiments described herein are available from a number of sources,
including but not limited to, Samsung Semiconductor, Inc. of San Jose, Calif,, Infineon
Technologies AG of San Jose, Calif., and Micron Technology, Inc. of Boise, Id. Persons skilled
in the art can select appropriate memory devices 30 in accordance with certain embodiments

described herein.

[0046] In certain embodiments, the plurality of memory devices 30 comprises a
first number of memory devices 30. In certain such embodiments, the circuit 40 selectively
isolates a second number of the memory devices 30 from the computer system, with the second

number less than the first number.

[0047] In certain embodiments, the plurality of memory devices 30 are arranged in
a first number of ranks. For example, in certain embodiments, the memory devices 30 are
arranged in two ranks, as schematically illustrated by FIG. 1. In other embodiments, the
memory devices 30 are arranged in four ranks. Other numbers of ranks of the memory devices

30 are also compatible with embodiments described herein.

[0048] In certain embodiments, the circuit comprises a logic element selected from
a group consisting of: a programmable-logic device (PLD), an application-specific integrated

circuit (ASIC), a field-programmable gate array (FPGA), a custom-designed semiconductor
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device, and a complex programmable-logic device (CPLD). In certain embodiments, the logic
element of the circuit 40 is a custom device. Sources of logic elements compatible with
embodiments described herein include, but are not limited to, Lattice Semiconductor
Corporation of Hillsboro, Oreg., Altera Corporation of San Jose, Calif, and Xilinx
Incorporated of San Jose, Calif. In certain embodiments, the logic element comprises various
discrete electrical elements, while in certain other embodiments, the logic element comprises

one or more integrated circuits.

[0049] In certain embodiments, the circuit 40 further comprises one or more
switches which are operatively coupled to the logic element to receive control signals from the
logic element. Examples of switches compatible with certain embodiments described herein
include, but are not limited to, field-effect transistor (FET) switches, such as the
SN74AUC1G66 single bilateral analog switch available from Texas Instruments, Inc. of Dallas,

Tex.

[0050] FIG. 2 schematically illustrates a circuit diagram of two memory devices
30a, 30b of a conventional memory module showing the interconnections between the DQ
data signal lines 102a, 102b of the memory devices 30a, 30b and the DQS data strobe signal
lines 104a, 104b of the memory devices 30a, 30b. Each of the memory devices 30a, 30b has
a plurality of DQ data signal lines and a plurality of DQS data strobe signal lines, however, for
simplicity, FIG. 2 only illustrates a single DQ data signal line and a single DQS data strobe
signal line for each memory device 30a, 30b. The DQ data signal lines 102a, 102b and the
DQS data strobe signal lines 104a, 104b are typically conductive traces etched on the printed
circuit board of the memory module. As shown in FIG. 2, each of the memory devices 30a,
30b has their DQ data signal lines 102a, 102b electrically coupled to a common DQ line 112
and their DQS data strobe signal lines 104a, 104b electrically coupled to a common DQS line
114. The common DQ line 112 and the common DQS line 114 are electrically coupled to the
memory controller 20 of the computer system. Thus, the computer system is exposed to the

loads of both memory devices 30a, 30b concurrently.

[0051] In certain embodiments, the circuit 40 selectively isolates the loads of at
least some of the memory devices 30 from the computer system. The circuit 40 of certain
embodiments is configured to present a significantly reduced load to the computer system. In

certain embodiments in which the memory devices 30 are arranged in a plurality of ranks, the
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circuit 40 selectively isolates the loads of some (e.g., one or more) of the ranks of the memory
module 10 from the computer system. In certain other embodiments, the circuit 40 selectively
isolates the loads of all of the ranks of the memory module 10 from the computer system. For
example, when a memory module 10 is not being accessed by the computer system, the
capacitive load on the memory controller 20 of the computer system by the memory module
10 can be substantially reduced to the capacitive load of the circuit 40 of the memory module

10.

[0052] As schematically illustrated by FIGS. 3A and 3B, an example memory
module 10 compatible with certain embodiments described herein comprises a circuit 40 which
selectively isolates one or both of the DQ data signal lines 102a, 102b of the two memory
devices 30a, 30b from the common DQ data signal line 112 coupled to the computer system.
Thus, the circuit 40 selectively allows a DQ data signal to be transmitted from the memory
controller 20 of the computer system to one or both of the DQ data signal lines 102a, 102b. In
addition, the circuit 40 selectively allows one of a first DQ data signal from the DQ data signal
line 102a of the first memory device 30a or a second DQ data signal from the DQ data signal
line 102b of the second memory device 30b to be transmitted to the memory controller 20 via
the common DQ data signal line 112 (see, e.g., triangles on the DQ and DQS lines of FIGS.
3A and 3B which point towards the memory controller). While various figures of the present
application denote read operations by use of DQ and DQS lines which have triangles pointing
towards the memory controller, certain embodiments described herein are also compatible with
write operations (e.g., as would be denoted by triangles on the DQ or DQS lines pointing away

from the memory controller).

[0053] For example, in certain embodiments, the circuit 40 comprises a pair of
switches 120 a, 120 b on the DQ data signal lines 102a, 102b as schematically illustrated by
FIG. 3A. Each switch 120 a, 120 5 is selectively actuated to selectively electrically couple the
DQ data signal line 102a to the common DQ signal line 112, the DQ data signal line 102b to
the common DQ signal line 112, or both DQ data signal lines 102a, 102b to the common DQ
signal line 112. In certain other embodiments, the circuit 40 comprises a switch 120 electrically
coupled to both of the DQ data signal lines 102a, 102b, as schematically illustrated by FIG.
3B. The switch 120 is selectively actuated to selectively electrically couple the DQ data signal
line 102a to the common DQ signal line 112, the DQ data signal line 102b to the common DQ
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signal line 112, or both DQ signal lines 102a, 102b to the common DQ signal line 112. Circuits
40 having other configurations of switches are also compatible with embodiments described
herein. While each of the memory devices 30a, 30b has a plurality of DQ data signal lines and
a plurality of DQS data strobe signal lines, FIGS. 3A and 3B only illustrate a single DQ data
signal line and a single DQS data strobe signal line for each memory device 30a, 30b for
simplicity. The configurations schematically illustrated by FIGS. 3A and 3B can be applied to
all of the DQ data signal lines and DQS data strobe signal lines of the memory module 10.

[0054] In certain embodiments, the circuit 40 selectively isolates the loads of ranks
of memory devices 30 from the computer system. As schematically illustrated in FIGS. 4A and
4B, example memory modules 10 compatible with certain embodiments described herein
comprise a first number of memory devices 30 arranged in a first number of ranks 32. The
memory modules 10 of FIGS. 4A and 4B comprises two ranks 32a, 32b, with each rank 32a,
32b having a corresponding set of DQ data signal lines and a corresponding set of DQS data
strobe lines. Other numbers of ranks (e.g., four ranks) of memory devices 30 of the memory
module 10 are also compatible with certain embodiments described herein. For simplicity,
FIGS. 4A and 4B illustrate only a single DQ data signal line and a single DQS data strobe

signal line from each rank 32.

[0055] The circuit 40 of FIG. 4A selectively isolates one or more of the DQ data
signal lines 102a, 102b of the two ranks 32a, 32b from the computer system. Thus, the circuit
40 selectively allows a DQ data signal to be transmitted from the memory controller 20 of the
computer system to the memory devices 30 of one or both of the ranks 32a, 32b via the DQ
data signal lines 102a, 102b. In addition, the circuit 40 selectively allows one of a first DQ
data signal from the DQ data signal line 102a of the first rank 32a and a second DQ data signal
from the DQ data signal line 102b of the second rank 32b to be transmitted to the memory
controller 20 via the common DQ data signal line 112. For example, in certain embodiments,
the circuit 40 comprises a pair of switches 120 «, 120 5 on the DQ data signal lines 102a, 102b
as schematically illustrated by FIG. 4A. Each switch 120 a, 120 5 is selectively actuated to
selectively electrically couple the DQ data signal line 102a to the common DQ data signal line
112, the DQ data signal line 102b to the common DQ data signal line 112, or both DQ data
signal lines 102a, 102b to the common DQ data signal line 112. In certain other embodiments,

the circuit 40 comprises a switch 120 electrically coupled to both of the DQ data signal lines
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102a, 102b, as schematically illustrated by FIG. 4B. The switch 120 is selectively actuated to
selectively electrically couple the DQ data signal line 102a to the common DQ data signal line
112, the DQ data signal line 102b to the common DQ data signal line 112, or both DQ data
signal lines 102a, 102b to the common DQ data signal line 112. Circuits 40 having other

configurations of switches are also compatible with embodiments described herein.

[0056] In the example embodiments schematically illustrated by FIGS. 3A, 3B, 4A,
and 4B, the circuit 40 comprises a logic element which is integral with and comprises the
switches 120 which are coupled to the DQ data signal lines and the DQS data strobe signal
lines. In certain such embodiments, each switch 120 comprises a data path
multiplexer/demultiplexer. In certain other embodiments, the circuit 40 comprises a logic
element 122 which is a separate component operatively coupled to the switches 120, as
schematically illustrated by FIGS. 5A-5D. The one or more switches 120 are operatively
coupled to the logic element 122 to receive control signals from the logic element 122 and to
selectively electrically couple one or more data signal lines to a common data signal line.
Example switches compatible with embodiments described herein include, but are not limited
to field-effect transistor (FET) switches, such as the SN74AUC1G66 single bilateral analog
switch available from Texas Instruments, Inc. of Dallas, Tex. Example logic elements 122
compatible with certain embodiments described herein include, but are not limited to,
programmable-logic devices (PLD), application-specific integrated circuits (ASIC), field-
programmable gate arrays (FPGA), custom-designed semiconductor devices, and complex
programmable-logic devices (CPLD). Example logic elements 122 are available from Lattice
Semiconductor Corporation of Hillsboro, Oreg., Altera Corporation of San Jose, Calif., and

Xilinx Incorporated of San Jose, Calif.

[0057] In certain embodiments, the load isolation provided by the circuit 40
advantageously allows the memory module 10 to present a reduced load (e.g., electrical load,
such as capacitive load, inductive load, or impedance load) to the computer system by
selectively switching between the two ranks of memory devices 30 to which it is coupled. This
feature is used in certain embodiments in which the load of the memory module 10 may
otherwise limit the number of ranks or the number of memory devices per memory module. In
certain embodiments, the memory module 10 operates as having a data path rank buffer which

advantageously isolates the ranks of memory devices 30 of the memory module 10 from one
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another, from the ranks on other memory modules, and from the computer system. This data
path rank buffer of certain embodiments advantageously provides DQ-DQS paths for each rank
or sets of ranks of memory devices which are separate from one another, or which are separate
from the memory controller of the computer system. In certain embodiments, the load isolation
advantageously diminishes the effects of capacitive loading, jitter and other sources of noise.
In certain embodiments, the load isolation advantageously simplifies various other aspects of
operation of the memory module 10, including but not limited to, setup-and-hold time, clock

skew, package skew, and process, temperature, voltage, and transmission line variations.

[0058] For certain memory module applications that utilize multiple ranks of
memory, increased load on the memory bus can degrade speed performance. In certain
embodiments described herein, selectively isolating the loads of the ranks of memory devices
30 advantageously decreases the load on the computer system, thereby allowing the computer
system (e.g., server) to run faster with improved signal integrity. In certain embodiments, load
isolation advantageously provides system memory with reduced electrical loading, thereby
improving the electrical topology to the memory controller 20. In certain such embodiments,
the speed and the memory density of the computer system are advantageously increased

without sacrificing one for the other.

[0059] In certain embodiments, load isolation advantageously increases the size of
the memory array supported by the memory controller 20 of the computer system. The larger
memory array has an increased number of memory devices 30 and ranks of memory devices
30 of the memory module 10, with a corresponding increased number of chip selects. Certain
embodiments described herein advantageously provide more system memory using fewer chip

selects, thereby avoiding the chip select limitation of the memory controller.

[0060] An exemplary section of Verilog code corresponding to logic compatible
with a circuit 40 which provides load isolation is listed below in Example 1. The exemplary
code of Example 1 corresponds to a circuit 40 comprising six FET switches for providing load

isolation to DQ and DQS lines.

[0061] Example 1
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Back-to-Back Adjacent Read Commands

[0062] Due to their source synchronous nature, DDR SDRAM (e.g., DDR1, DDR2,
DDR3) memory devices operate with a data transfer protocol which surrounds each burst of
data strobes with a pre-amble time interval and a post-amble time interval. The pre-amble time
interval provides a timing window for the receiving memory device to enable its data capture
circuitry when a known valid level is present on the strobe signal to avoid false triggers of the
memory device's capture circuit. The post-amble time interval provides extra time after the last
strobe for this data capture to facilitate good signal integrity. In certain embodiments, when the
computer system accesses two consecutive bursts of data from the same memory device,
termed herein as a “back-to-back adjacent read,” the post-amble time interval of the first read
command and the pre-amble time interval of the second read command are skipped by design

protocol to increase read efficiency. FIG. 6A shows an exemplary timing diagram of this
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“gapless” read burst for a back-to-back adjacent read condition from one memory device.

[0063] In certain embodiments, when the second read command accesses data from
a different memory device than does the first read command, there is at least one time interval
(e.g., clock cycle) inserted between the data strobes of the two memory devices. This inserted
time interval allows both read data bursts to occur without the post-amble time interval of the
first read data burst colliding or otherwise interfering with the pre-amble time interval of the
second read data burst. In certain embodiments, the memory controller of the computer system
inserts an extra clock cycle between successive read commands issued to different memory
devices, as shown in the exemplary timing diagram of FIG. 6B for successive read accesses

from different memory devices.

[0064] In typical computer systems, the memory controller is informed of the
memory boundaries between the ranks of memory of the memory module prior to issuing read
commands to the memory module. Such memory controllers can insert wait time intervals or
clock cycles to avoid collisions or interference between back-to-back adjacent read commands

which cross memory device boundaries, which are referred to herein as “BBARX.”

[0065] In certain embodiments described herein in which the number of ranks 32
of the memory module 10 is doubled or quadrupled, the circuit 40 generates a set of output
address and command signals so that the selection decoding is transparent to the computer
system. However, in certain such embodiments, there are memory device boundaries of which
the computer system is unaware, so there are occasions in which BBARX occurs without the
cognizance of the memory controller 20 of the computer system. As shown in FIG. 7, the last
data strobe of memory device “a” collides with the pre-amble time interval of the data strobe

of memory device “b,” resulting in a “collision window.”

[0066] FIGS. 8A-8D schematically illustrate circuit diagrams of example memory
modules 10 comprising a circuit 40 which multiplexes the DQS data strobe signal lines 104a,
104b of two ranks 32a, 32b from one another in accordance with certain embodiments
described herein. While the DQS data strobe signal lines 104a, 104b of FIGS. 8A-8D
correspond to two ranks 32a, 32b of memory devices 30, in certain other embodiments, the
circuit 40 multiplexes the DQS data strobe signal lines 104a, 104b corresponding to two

individual memory devices 30a, 30b.
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[0067] FIG. 8A schematically illustrates a circuit diagram of an exemplary memory
module 10 comprising a circuit 40 in accordance with certain embodiments described herein.
In certain embodiments, BBARX collisions are avoided by a mechanism which electrically
isolates the DQS data strobe signal lines 104a, 104b from one another during the transition
from the first read data burst of one rank 32a of memory devices 30 to the second read data

burst of another rank 32b of memory devices 30.

[0068] In certain embodiments, as schematically illustrated by FIG. 8A, the circuit
40 comprises a first switch 130a electrically coupled to a first DQS data strobe signal line 104a
of a first rank 32a of memory devices 30 and a second switch 130b electrically coupled to a
second DQS data strobe signal line 104b of a second rank 32b of memory devices 30. In certain
embodiments, the time for switching the first switch 130a and the second switch 130b is
between the two read data bursts (e.g., after the last DQS data strobe of the read data burst of
the first rank 32a and before the first DQS data strobe of the read data burst of the second rank
32b). During the read data burst for the first rank 32a, the first switch 130a is enabled. After
the last DQS data strobe of the first rank 32a and before the first DQS data strobe of the second
rank 32b, the first switch 130a is disabled and the second switch 130b is enabled.

[0069] As shown in FIG. 8A, each of the ranks 32a, 32b otherwise involved in a
BBARX collision have their DQS data strobe signal lines 104a, 104b selectively electrically
coupled to the common DQS line 114 through the circuit 40. The circuit 40 of certain
embodiments multiplexes the DQS data strobe signal lines 104a, 104b of the two ranks 32a,

32b of memory devices 30 from one another to avoid a BBARX collision.

[0070] In certain embodiments, as schematically illustrated by FIG. 8B, the circuit
40 comprises a switch 130 which multiplexes the DQS data strobe signal lines 104a, 104b
from one another. For example, the circuit 40 receives a DQS data strobe signal from the
common DQS data strobe signal line 114 and selectively transmits the DQS data strobe signal
to the first DQS data strobe signal line 104a, to the second DQS data strobe signal line 104b,
or to both DQS data strobe signal lines 104a, 104b. As another example, the circuit 40 receives
a first DQS data strobe signal from the first rank 32a of memory devices 30 and a second DQS
data strobe signal from a second rank 32b of memory devices 30 and selectively switches one

of the first and second DQS data strobe signals to the common DQS data strobe signal line 114.
[0071] In certain embodiments, the circuit 40 also provides the load isolation
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described above in reference to FIGS. 1-5. For example, as schematically illustrated by FIG.
8C, the circuit 40 comprises both the switch 120 for the DQ data signal lines 102a, 102b and
the switch 130 for the DQS data strobe signal lines 104a, 104b. While in certain embodiments,
the switches 130 are integral with a logic element of the circuit 40, in certain other
embodiments, the switches 130 are separate components which are operatively coupled to a
logic element 122 of the circuit 40, as schematically illustrated by FIG. 8D. In certain such
embodiments, the control and timing of the switch 130 is performed by the circuit 40 which is
resident on the memory module 10. Example switches 130 compatible with embodiments
described herein include, but are not limited to field-effect transistor (FET) switches, such as
the SN74AUC1G66 single bilateral analog switch available from Texas Instruments, Inc. of
Dallas, Tex., and multiplexers, such as the SN74AUC2G53 2:1 analog

multiplexer/demultiplexer available from Texas Instruments, Inc. of Dallas, Tex.

[0072] The circuit 40 of certain embodiments controls the isolation of the DQS data
strobe signal lines 104a, 104b by monitoring commands received by the memory module 10
from the computer system and producing “windows” of operation whereby the appropriate
switches 130 are activated or deactivated to enable and disable the DQS data strobe signal lines
104a, 104b to mitigate BBARX collisions. In certain other embodiments, the circuit 40
monitors the commands received by the memory module 10 from the computer system and
selectively activates or deactivates the switches 120 to enable and disable the DQ data signal
lines 102a, 102b to reduce the load of the memory module 10 on the computer system. In still

other embodiments, the circuit 40 performs both of these functions together.

Command Signal Translation

[0073] Most high-density memory modules are currently built with 512-Megabit
(“512-Mb”) memory devices wherein each memory device has a 64 Mx8-bit configuration.
For example, a 1-Gigabyte (“1-GB”) memory module with error checking capabilities can be
fabricated using eighteen such 512-Mb memory devices. Alternatively, it can be economically
advantageous to fabricate a 1-GB memory module using lower-density memory devices and
doubling the number of memory devices used to produce the desired word width. For example,
by fabricating a 1-GB memory module using thirty-six 256-Mb memory devices with 64 Mx4-
bit configuration, the cost of the resulting 1-GB memory module can be reduced since the unit

cost of each 256-Mb memory device is typically lower than one-half the unit cost of each 512-
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Mb memory device. The cost savings can be significant, even though twice as many 256-Mb
memory devices are used in place of the 512-Mb memory devices. For example, by using pairs
of 512-Mb memory devices rather than single 1-Gb memory devices, certain embodiments

described herein reduce the cost of the memory module by a factor of up to approximately five.

[0074] Market pricing factors for DRAM devices are such that higher-density
DRAM devices (e.g., 1-Gb DRAM devices) are much more than twice the price of lower-
density DRAM devices (e.g., 512-Mb DRAM devices). In other words, the price per bit ratio
of the higher-density DRAM devices is greater than that of the lower-density DRAM devices.
This pricing difference often lasts for months or even years after the introduction of the higher-
density DRAM devices, until volume production factors reduce the costs of the newer higher-
density DRAM devices. Thus, when the cost of a higher-density DRAM device is more than
the cost of two lower-density DRAM devices, there is an economic incentive for utilizing pairs

of the lower-density DRAM devices to replace individual higher-density DRAM devices.

[0075] FIG. 9A schematically illustrates an exemplary memory module 10
compatible with certain embodiments described herein. The memory module 10 is connectable
to a memory controller 20 of a computer system (not shown). The memory module 10
comprises a printed circuit board 210 and a plurality of memory devices 30 coupled to the
printed circuit board 210. The plurality of memory devices 30 has a first number of memory
devices 30. The memory module 10 further comprises a circuit 40 coupled to the printed circuit
board 210. The circuit 40 receives a set of input address and command signals from the
computer system. The set of input address and command signals correspond to a second
number of memory devices 30 smaller than the first number of memory devices 30. The circuit
40 generates a set of output address and command signals in response to the set of input address
and command signals. The set of output address and command signals corresponds to the first

number of memory devices 30.

[0076] In certain embodiments, as schematically illustrated in FIG. 9A, the
memory module 10 further comprises a phase-lock loop device 220 coupled to the printed
circuit board 210 and a register 230 coupled to the printed circuit board 210. In certain
embodiments, the phase-lock loop device 220 and the register 230 are each mounted on the
printed circuit board 210. In response to signals received from the computer system, the phase-

lock loop device 220 transmits clock signals to the plurality of memory devices 30, the circuit
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40, and the register 230. The register 230 receives and buffers a plurality of command signals
and address signals (e.g., bank address signals, row address signals, column address signals,
gated column address strobe signals, chip-select signals), and transmits corresponding signals
to the appropriate memory devices 30. In certain embodiments, the register 230 comprises a
plurality of register devices. While the phase-lock loop device 220, the register 230, and the
circuit 40 are described herein in certain embodiments as being separate components, in certain
other embodiments, two or more of the phase-lock loop device 220, the register 230, and the
circuit 40 are portions of a single component. Persons skilled in the art are able to select a

phase-lock loop device 220 and a register 230 compatible with embodiments described herein.

[0077] In certain embodiments, the memory module 10 further comprises electrical
components which are electrically coupled to one another and are surface-mounted or
embedded on the printed circuit board 210. These electrical components can include, but are
not limited to, electrical conduits, resistors, capacitors, inductors, and transistors. In certain
embodiments, at least some of these electrical components are discrete, while in other certain
embodiments, at least some of these electrical components are constituents of one or more

integrated circuits.

[0078] In certain embodiments, the printed circuit board 210 is mountable in a
module slot of the computer system. The printed circuit board 210 of certain such embodiments
has a plurality of edge connections electrically coupled to corresponding contacts of the
module slot and to the various components of the memory module 10, thereby providing
electrical connections between the computer system and the components of the memory

module 10.

[0079] In certain embodiments, the plurality of memory devices 30 are arranged in
a first number of ranks 32. For example, in certain embodiments, the memory devices 30 are
arranged in four ranks 32a, 32b, 32 c, 32 d, as schematically illustrated by FIG. 9A. In certain
other embodiments, the memory devices 30 are arranged in two ranks 32a, 32b, as
schematically illustrated by FIG. 9B. Other numbers of ranks 32 of the memory devices 30 are

also compatible with embodiments described herein.

[0080] As schematically illustrated by FIGS. 9A and 9B, in certain embodiments,
the circuit 40 receives a set of input command signals (e.g., refresh, precharge) and address

signals (e.g., bank address signals, row address signals, column address signals, gated column
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address strobe signals, chip-select signals) from the memory controller 20 of the computer
system. In response to the set of input address and command signals, the circuit 40 generates

a set of output address and command signals.

[0081] In certain embodiments, the set of output address and command signals
corresponds to a first number of ranks in which the plurality of memory devices 30 of the
memory module 10 are arranged, and the set of input address and command signals
corresponds to a second number of ranks per memory module for which the computer system
is configured. The second number of ranks in certain embodiments is smaller than the first
number of ranks. For example, in the exemplary embodiment as schematically illustrated by
FIG. 9A, the first number of ranks is four while the second number of ranks is two. In the
exemplary embodiment of FIG. 9B, the first number of ranks is two while the second number
of ranks is one. Thus, in certain embodiments, even though the memory module 10 actually
has the first number of ranks of memory devices 30, the memory module 10 simulates a virtual
memory module by operating as having the second number of ranks of memory devices 30. In
certain embodiments, the memory module 10 simulates a virtual memory module when the
number of memory devices 30 of the memory module 10 is larger than the number of memory
devices 30 per memory module for which the computer system is configured to utilize. In
certain embodiments, the circuit 40 comprises logic (e.g., address decoding logic, command
decoding logic) which translates between a system memory domain of the computer system

and a physical memory domain of the memory module 10.

[0082] In certain embodiments, the computer system is configured for a number of
ranks per memory module which is smaller than the number of ranks in which the memory
devices 30 of the memory module 10 are arranged. In certain such embodiments, the computer
system is configured for two ranks of memory per memory module (providing two chip-select
signals CSp, CS1) and the plurality of memory modules 30 of the memory module 10 are
arranged in four ranks, as schematically illustrated by FIG. 9A. In certain other such
embodiments, the computer system is configured for one rank of memory per memory module
(providing one chip-select signal CSo) and the plurality of memory modules 30 of the memory

module 10 are arranged in two ranks, as schematically illustrated by FIG. 9B.

[0083] In the exemplary embodiment schematically illustrated by FIG. 9A, the

memory module 10 has four ranks of memory devices 30 and the computer system is
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configured for two ranks of memory devices per memory module. The memory module 10
receives row/column address signals or signal bits (Ao-An+1), bank address signals (BAo-BAwm),
chip-select signals (CSp and CS1), and command signals (e.g., refresh, precharge, etc.) from
the computer system. The Ao-Anrow/column address signals are received by the register 230,
which buffers these address signals and sends these address signals to the appropriate ranks of
memory devices 30. The circuit 40 receives the two chip-select signals (CSo, CS1) and one
row/column address signal (Au+1) from the computer system. Both the circuit 40 and the
register 230 receive the bank address signals (BAo-BAm) and at least one command signal (e.g.,

refresh, precharge, etc.) from the computer system.

Logic Tables

[0084] Table 1 provides a logic table compatible with certain embodiments

described herein for the selection among ranks of memory devices 30 using chip-select signals.

TABLE 1

State CS;, C8; A,,; Command CS,, CS8,z CS,;, CSz

1 0 1 0 Active 0 1 1 1
2 0 1 1 Active 1 0 1 1
3 0 1 X Active 0 0 1 1
4 1 0 0 Active 1 1 0 1
5 1 0 1 Active 1 1 1 0
6 1 0 X Active 1 1 0 0
7 1 1 X X 1 1 1 1
Note:

1. C8y, CSy, CSoy, CSpp, CS 14, and CS | are active low signals.
2. A, 1s an active high signal.
3.*x”is a Don’t Care condition.

4. Command involves a number of command signals that define operations such as refresh,
precharge, and other operations.

[0085] In Logic State 1. CSois active low, Ay is non-active, and Command is

active. CSoais pulled low, thereby selecting Rank 0.

[0086] In Logic State 2: CSois active low, Ay+11s active, and Command is active.

CSozis pulled low, thereby selecting Rank 1.

[0087] In Logic State 3: CSois active low, Au+1 18 Don't Care, and Command is
active high. CSoaand CSop are pulled low, thereby selecting Ranks 0 and 1.

[0088] In Logic State 4: CS;is active low, An+1 1S non-active, and Command is
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active. CS1ais pulled low, thereby selecting Rank 2.

[0089] In Logic State 5: CSyis active low, Ay+11s active, and Command is active.

CSiB is pulled low, thereby selecting Rank 3.

[0090] In Logic State 6: CSiis active low, Ag+1 18 Don't Care, and Command is
active. CS1aand CS)B are pulled low, thereby selecting Ranks 2 and 3.

[0091] In Logic State 7: CSo and CS; are pulled non-active high, which deselects
all ranks, i.e., CSoa, CSos, CS14, and CSig are pulled high.

[0092] The “Command” column of Table 1 represents the various commands that
a memory device (e.g., a DRAM device) can execute, examples of which include, but are not
limited to, activation, read, write, precharge, and refresh. In certain embodiments, the
command signal is passed through to the selected rank only (e.g., state 4 of Table 1). In such
embodiments, the command signal (e.g., read) is sent to only one memory device or the other
memory device so that data is supplied from one memory device at a time. In other
embodiments, the command signal is passed through to both associated ranks (e.g., state 6 of
Table 1). In such embodiments, the command signal (e.g., refresh) is sent to both memory
devices to ensure that the memory content of the memory devices remains valid over time.
Certain embodiments utilize a logic table such as that of Table 1 to simulate a single memory

device from two memory devices by selecting two ranks concurrently.

[0093] Table 2 provides a logic table compatible with certain embodiments

described herein for the selection among ranks of memory devices 30 using gated CAS signals.
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TABLE 2

Density
CS* RAS* CAS* WE* Bit A,, Command CAS0* CAS1*

1 X X X X X NOP X X

0 1 1 1 X X NOP 1 1

0 0 1 1 0 x  ACTIVATE 1 1

0 0 1 1 1 x  ACTIVATE 1 1

0 1 0 1 0 X READ 0 1

0 1 0 1 1 X READ 1 0

0 1 0 0 0 X WRITE 0 1

0 1 0 0 1 X WRITE 1 0

0 0 1 0 0 0 PRE- 1 1
CHARGE

0 0 1 0 1 0 PRE- 1 1
CHARGE

0 0 1 0 X 1 PRE- 1 1
CHARGE

0 0 0 0 X X MODE 0 0
REG SET

0 0 0 1 X x  REFRESH 0 0

[0094] In certain embodiments in which the density bit is a row address bit, for

read/write commands, the density bit is the value latched during the activate command for the

selected bank.

Serial-Presence-Detect Device

[0095] Memory modules typically include a serial-presence detect (SPD) device
240 (e.g., an electrically-erasable-programmable read-only memory or EEPROM device)
comprising data which characterize various attributes of the memory module, including but
not limited to, the number of row addresses the number of column addresses, the data width of
the memory devices, the number of ranks, the memory density per rank, the number of memory
devices, and the memory density per memory device. The SPD device 240 communicates this
data to the basic input/output system (BIOS) of the computer system so that the computer
system is informed of the memory capacity and the memory configuration available for use

and can configure the memory controller properly for maximum reliability and performance.

[0096] For example, for a commercially-available 512-MB (64 Mx8-byte) memory
module utilizing eight 512-Mb memory devices each with a 64 Mx8-bit configuration, the SPD
device contains the following SPD data (in appropriate bit fields of these bytes):

Byte 3: Defines the number of row address bits in the DRAM device in the memory

module [13 for the 512-Mb memory device].
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Byte 4:

Byte 13:

Byte 14:

Byte 17:

[0097]

Defines the number of column address bits in the DRAM device in the
memory module [11 for the 512-Mb memory device].

Defines the bit width of the primary DRAM device used in the memory
module [8 bits for the 512-Mb (64 Mx8-bit) memory device].

Defines the bit width of the error checking DRAM device used in the memory
module [8 bits for the 512-Mb (64 Mx8-bit) memory device].

Defines the number of banks internal to the DRAM device used in the

memory module [4 for the 512-Mb memory device].

In a further example, for a commercially-available 1-GB (128 Mx8-byte)

memory module utilizing eight 1-Gb memory devices each with a 128 Mx8-bit configuration,

as described above, the SPD device contains the following SPD data (in appropriate bit fields

of these bytes):
Byte 3:

Byte 4:

Byte 13:

Byte 14:

Byte 17:

[0098]

Defines the number of row address bits in the DRAM device in the memory
module [14 for the 1-Gb memory device].

Defines the number of column address bits in the DRAM device in the
memory module [11 for the 1-Gb memory device].

Defines the bit width of the primary DRAM device used in the memory
module [8 bits for the 1-Gb (128 Mx8-bit) memory device].

Defines the bit width of the error checking DRAM device used in the memory
module [8 bits for the 1-Gb (128 Mx8-bit) memory device].

Defines the number of banks internal to the DRAM device used in the

memory module [4 for the 1-Gb memory device].

In certain embodiments, the SPD device 240 comprises data which

characterize the memory module 10 as having fewer ranks of memory devices than the memory

module 10 actually has, with each of these ranks having more memory density. For example,

for a memory module 10 compatible with certain embodiments described herein having two

ranks of memory devices 30, the SPD device 240 comprises data which characterizes the

memory module 10 as having one rank of memory devices with twice the memory density per

rank. Similarly,

for a memory module 10 compatible with certain embodiments described

herein having four ranks of memory devices 30, the SPD device 240 comprises data which

characterizes the memory module 10 as having two ranks of memory devices with twice the
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memory density per rank. In addition, in certain embodiments, the SPD device 240 comprises
data which characterize the memory module 10 as having fewer memory devices than the
memory module 10 actually has, with each of these memory devices having more memory
density per memory device. For example, for a memory module 10 compatible with certain
embodiments described herein, the SPD device 240 comprises data which characterizes the
memory module 10 as having one-half the number of memory devices that the memory module
10 actually has, with each of these memory devices having twice the memory density per
memory device. Thus, in certain embodiments, the SPD device 240 informs the computer
system of the larger memory array by reporting a memory device density that is a multiple of
the memory devices 30 resident on the memory module 10. Certain embodiments described
herein advantageously do not require system level changes to hardware (e.g., the motherboard

of the computer system) or to software (e.g., the BIOS of the computer system).

[0099] FIG. 9C schematically illustrates an exemplary memory module 10 in
accordance with certain embodiments described herein. The memory module 10 comprises a
pair of substantially identical memory devices 31, 33. Each memory device 31, 33 has a first
bit width, a first number of banks of memory locations, a first number of rows of memory
locations, and a first number of columns of memory locations. The memory module 10 further
comprises an SPD device 240 comprising data that characterizes the pair of memory devices
31, 33. The data characterize the pair of memory devices 31, 33 as a virtual memory device
having a second bit width equal to twice the first bit width, a second number of banks of
memory locations equal to the first number of banks, a second number of rows of memory
locations equal to the first number of rows, and a second number of columns of memory

locations equal to the first number of columns.

[00100] In certain such embodiments, the SPD device 240 of the memory module
10 is programmed to describe the combined pair of lower-density memory devices 31, 33 as
one virtual or pseudo-higher-density memory device. In an exemplary embodiment, two 512-
Mb memory devices, each with a 128 Mx4-bit configuration, are used to simulate one 1-Gb
memory device having a 128 Mx8-bit configuration. The SPD device 240 of the memory
module 10 is programmed to describe the pair of 512-Mb memory devices as one virtual or

pseudo-1-Gb memory device.

[00101] For example, to fabricate a 1-GB (128 Mx8-byte) memory module, sixteen
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512-Mb (128 Mx4-bit) memory devices can be used. The sixteen 512-Mb (128 Mx4-bit)
memory devices are combined in eight pairs, with each pair serving as a virtual or pseudo-1-
Gb (128 Mx8-bit) memory device. In certain such embodiments, the SPD device 240 contains
the following SPD data (in appropriate bit fields of these bytes):

Byte 3: 13 row address bits.

Byte 4: 12 column address bits.

Byte 13: 8 bits wide for the primary virtual 1-Gb (128 Mx8-bit) memory device.

Byte 14: 8 bits wide for the error checking virtual 1-Gb (128 Mx8-bit) memory device.

Byte 17: 4 banks.

[00102] In this exemplary embodiment, bytes 3, 4, and 17 are programmed to have
the same values as they would have for a 512-MB (128 Mx4-byte) memory module utilizing
512-Mb (128 Mx4-bit) memory devices. However, bytes 13 and 14 of the SPD data are
programmed to be equal to 8, corresponding to the bit width of the virtual or pseudo-higher-
density 1-Gb (128 Mx8-bit) memory device, for a total capacity of 1-GB. Thus, the SPD data
does not describe the actual-lower-density memory devices, but instead describes the virtual
or pseudo-higher-density memory devices. The BIOS accesses the SPD data and recognizes
the memory module as having 4 banks of memory locations arranged in 2'* rows and 2!?

columns, with each memory location having a width of 8 bits rather than 4 bits.

[00103] In certain embodiments, when such a memory module 10 is inserted in a
computer system, the computer system's memory controller then provides to the memory
module 10 a set of input address and command signals which correspond to the number of
ranks or the number of memory devices reported by the SPD device 240. For example, placing
a two-rank memory module 10 compatible with certain embodiments described herein in a
computer system compatible with one-rank memory modules, the SPD device 240 reports to
the computer system that the memory module 10 only has one rank. The circuit 40 then
receives a set of input address and command signals corresponding to a single rank from the
computer system's memory controller, and generates and transmits a set of output address and
command signals corresponding to two ranks to the appropriate memory devices 30 of the

memory module 10.

[00104] Similarly, when a two-rank memory module 10 compatible with certain

embodiments described herein is placed in a computer system compatible with either one- or
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two-rank memory modules, the SPD device 240 reports to the computer system that the
memory module 10 only has one rank. The circuit 40 then receives a set of input address and
command signals corresponding to a single rank from the computer system's memory
controller, and generates and transmits a set of output address and command signals

corresponding to two ranks to the appropriate memory devices 30 of the memory module 10.

[00105]  Furthermore, a four-rank memory module 10 compatible with certain
embodiments described herein simulates a two-rank memory module whether the memory
module 10 is inserted in a computer system compatible with two-rank memory modules or
with two- or four-rank memory modules. Thus, by placing a four-rank memory module 10
compatible with certain embodiments described herein in a module slot that is four-rank-ready,
the computer system provides four chip-select signals, but the memory module 10 only uses

two of the chip-select signals.

[00106] In certain embodiments, the circuit 40 comprises the SPD device 240 which
reports the CAS latency (CL) to the memory controller of the computer system. The SPD
device 240 of certain embodiments reports a CL which has one more cycle than does the actual
operational CL of the memory array. In certain embodiments, data transfers between the
memory controller and the memory module are registered for one additional clock cycle by the
circuit 40. The additional clock cycle of certain embodiments is added to the transfer time
budget with an incremental overall CAS latency. This extra cycle of time in certain
embodiments advantageously provides sufficient time budget to add a buffer which electrically
isolates the ranks of memory devices 30 from the memory controller 20. The buffer of certain
embodiments comprises combinatorial logic, registers, and logic pipelines. In certain
embodiments, the buffer adds a one-clock cycle time delay, which is equivalent to a registered
DIMM, to accomplish the address decoding. The one-cycle time delay of certain such
embodiments provides sufficient time for read and write data transfers to provide the functions
of the data path multiplexer/demultiplexer. Thus, for example, a DDR2 400-MHz memory
system in accordance with embodiments described herein has an overall CAS latency of four,
and uses memory devices with a CAS latency of three. In still other embodiments, the SPD

device 240 does not utilize this extra cycle of time.

Memory Density Multiplication

[00107]  In certain embodiments, two memory devices having a memory density are
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used to simulate a single memory device having twice the memory density, and an additional
address signal bit is used to access the additional memory. Similarly, in certain embodiments,
two ranks of memory devices having a memory density are used to simulate a single rank of
memory devices having twice the memory density, and an additional address signal bit is used
to access the additional memory. As used herein, such simulations of memory devices or ranks
of memory devices are termed as “memory density multiplication,” and the term “density
transition bit” is used to refer to the additional address signal bit which is used to access the
additional memory by selecting which rank of memory devices is enabled for a read or write

transfer operation.

[00108] For example, for computer systems which are normally limited to using
memory modules which have a single rank of 128 Mx4-bit memory devices, certain
embodiments described herein enable the computer system to utilize memory modules which
have double the memory (e.g., two ranks of 128 Mx4-bit memory devices). The circuit 40 of
certain such embodiments provides the logic (e.g., command and address decoding logic) to
double the number of chip selects, and the SPD device 240 reports a memory device density

of 256 Mx4-bit to the computer system.

[00109] In certain embodiments utilizing memory density multiplication
embodiments, the memory module 10 can have various types of memory devices 30 (e.g.,
DDRI1, DDR2, DDR3, and beyond). The circuit 40 of certain such embodiments utilizes
implied translation logic equations having variations depending on whether the density
transition bit is a row, column, or internal bank address bit. In addition, the translation logic
equations of certain embodiments vary depending on the type of memory module 10 (e.g.,
UDIMM, RDIMM, FBDIMM, etc.). Furthermore, in certain embodiments, the translation
logic equations vary depending on whether the implementation multiplies memory devices per

rank or multiplies the number of ranks per memory module.
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TABLE 3A

128-Mb 256-Mb 512-Mb 1-Gb

Number of banks 4 4 4 4
Number of row address bits 12 13 13 14
Number of column address 11 11 12 12
bits for “x 4 configuration

Number of column address 10 10 11 11
bits for “x 8” configuration

Number of column address 9 9 10 10
bits for “x 16” configuration

[00110] Table 3A provides the numbers of rows and columns for DDR-1

memory devices, as specified by JEDEC standard JESD79D, “Double Data Rate (DDR)
SDRAM Specification,” published February 2004, and incorporated in its entirety by reference

herein.

[00111]  As described by Table 3A, 512-Mb (128 Mx4-bit) DRAM devices have 213
rows and 2'2 columns of memory locations, while 1-Gb (128 Mx8-bit) DRAM devices have
2" rows and 2!'! columns of memory locations. Because of the differences in the number of
rows and the number of columns for the two types of memory devices, complex address
translation procedures and structures would typically be needed to fabricate a 1-GB (128 M x8-
byte) memory module using sixteen 512-Mb (128 Mx4-bit) DRAM devices.

[00112] Table 3B shows the device configurations as a function of memory density

for DDR2 memory devices.

TABLE 3B
Number of  Number of Number of Page Size
Rows Columns Internal Banks (x4s or x8s)
256 Mb 13 11 4 1 KB
512 Mb 14 11 4 1 KB
1 Gb 14 11 & 1 KB
2 Gb 15 11 8 1 KB
4 Gb 16 11 & 1 KB

Table 4 lists the corresponding density transition bit for the density transitions between the

DDR2 memory densities of Table 3B.
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TABLE 4

Density Transition Density Transition Bit
256 Mb to 512 Mb Als
512Mb to 1 Gb BA,

1Gb to2 Gb Ay

2 Gb to 4 Gb AIS

Other certain embodiments described herein utilize a transition bit to provide a transition from

pairs of physical 4-Gb memory devices to simulated 8-Gb memory devices.

[00113] In an example embodiment, the memory module comprises one or more
pairs of 256-Mb memory devices, with each pair simulating a single 512-Mb memory device.
The simulated 512-Mb memory device has four internal banks while each of the two 256-Mb
memory devices has four internal banks, for a total of eight internal banks for the pair of 256-
Mb memory devices. In certain embodiments, the additional row address bit is translated by
the circuit 40 to the rank selection between each of the two 256-Mb memory devices of the
pair. Although there are eight total internal banks in the rank-converted memory array, the
computer system is only aware of four internal banks. When the memory controller activates
a row for a selected bank, the circuit 40 activates the same row for the same bank, but it does

so for the selected rank according to the logic state of the additional row address bit Ais.

[00114] In another example embodiment, the memory module comprises one or

more pairs of 512-Mb memory devices, with each pair simulating a single 1-Gb memory device.

The simulated 1-Gb memory device has eight internal banks while each of the two 512-Mb
memory devices has four internal banks, for a total of eight internal banks for the pair of 512-
Mb memory devices. In certain embodiments, the mapped BA; (bank 2) bit is used to select
between the two ranks of 512-Mb memory devices to preserve the internal bank geometry
expected by the memory controller of the computer system. The state of the BA, bit selects the

upper or lower set of four banks, as well as the upper and lower 512-Mb rank.

[00115] In another example embodiment, the memory module comprises one or
more pairs of 1-Gb memory devices, with each pair simulating a single 2-Gb memory device.
Each of the two 1-Gb memory devices has eight internal banks for a total of sixteen internal
banks, while the simulated 2-Gb memory device has eight internal banks. In certain

embodiments, the additional row address bit translates to the rank selection between the two
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1-Gb memory devices. Although there are sixteen total internal banks per pair of 1-Gb memory
devices in the rank-converted memory array, the memory controller of the computer system is
only aware of eight internal banks. When the memory controller activates a row of a selected
bank, the circuit 40 activates the same row for the same bank, but is does so for the selected

rank according to the logic state of the additional row address bit A14.

[00116] The circuit 40 of certain embodiments provides substantially all of the
translation logic used for the decoding (e.g., command and address decoding). In certain such
embodiments, there is a fully transparent operational conversion from the “system memory”
density domain of the computer system to the “physical memory” density domain of the
memory module 10. In certain embodiments, the logic translation equations are programmed
in the circuit 40 by hardware, while in certain other embodiments, the logic translation
equations are programmed in the circuit 40 by software. Examples 1 and 2 provide exemplary
sections of Verilog code compatible with certain embodiments described herein. As described
more fully below, the code of Examples 1 and 2 includes logic to reduce potential problems
due to “back-to-back adjacent read commands which cross memory device boundaries or
“BBARX.” Persons skilled in the art are able to provide additional logic translation equations

compatible with embodiments described herein.

[00117] An exemplary section of Verilog code compatible with memory density
multiplication from 512 Mb to 1 Gb using DDR2 memory devices with the BA; density
transition bit is listed below in Example 2. The exemplary code of Example 2 corresponds to
a circuit 40 which receives one chip-select signal from the computer system and which

generates two chip-select signals.

[00118] Example?2
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[00119] Another exemplary section of Verilog code compatible with memory
density multiplication from 256 Mb to 512 Mb using DDR2 memory devices and gated CAS
signals with the row A3 density transition bit is listed below in Example 3. The exemplary
code of Example 3 corresponds to a circuit 40 which receives one gated CAS signal from the

computer system and which generates two gated CAS signals.

[00120] Example 3

/f latched al3 flags cs0, banks 0-3
always @(posedge clk_in)
if (actv_cmd_R & ~rsON_R & ~bnkl_R & ~bnkO_R ) // activate
begin
1_al3_00<=al3_r;
end
always @(posedge clk_in)
if (actv_cmd R & ~rsON_R & ~bnkl R & bnk0O R) /{ activate
begin
1_al3 01 <=al3 r;
end
always @(posedge clk_in)
if (actv_cmd_R & ~rsON_R & bnkl_R & ~bnk(_R) /{ activate
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begin
1 al3 10<=al3_ r;
end
always @(posedge clk_ in)
if (actv_cmd R & ~rsON_R & bnkl R & bnk0O R) // activate
begin
1_al3_11<=al3_r;
end
// gated cas
assign cas_i =~(casN_R);
assign casO_o = (~rasN_R & cas 1)
| (rasN_R & ~1_al3_00 & ~bnkl R & ~bnk0O_R & cas_i)
[ (rasN_R & ~1_al3 01 & ~bnkl R & bnkO_R & cas i)
[ (rasN R & ~1_al3 10 & bnkl R & ~bnkO_R & cas i)
| (rasN_R & ~1_al3 11 & bnkl R & bnkO_R & cas i)

assign casl o= (~rasN_R & cas i)

[ (rasN_R & 1_al3_00 & ~bnkl_R & ~bnk0O_R & cas_i)

| (rasN_R & 1_al3_01 & ~bnkl R & bnkO_R & cas i)

| (rasN_R & 1_al3_10 & bnkl_R & ~bnkO_R & cas_i)

[(rasN_R &1 al3 11 & bnkl R & bnkO R & cas_i)
assign pecas_0_N=~cas0_o;
assign pcas_1 N=~casl o;
assign rd0_ o Rl =rasN R & cas0_o & weN R & ~rsON_R; //rnk0 rd emd cye
assign rdl_o R1=rasN R & casl o & weN R & ~rsON_R; //rnkl rd emd cye
assign wr0_o_R1 =rasN_R & cas0_o & ~weN_R & ~rsON_R; // rnk0 wr cmd cye
assign wrl_o Rl =rasN R & casl o & ~weN_R & ~rsON_R; // rnkl wremd cyc

sl
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[00121] In certain embodiments, the chipset memory controller of the computer
system uses the inherent behavioral characteristics of the memory devices (e.g., DDR2
memory devices) to optimize throughput of the memory system. For example, for each internal
bank in the memory array, a row (e.g., 1 KB page) is advantageously held activated for an
extended period of time. The memory controller, by anticipating a high number of memory
accesses or hits to a particular region of memory, can exercise this feature to advantageously
eliminate time-consuming pre-charge cycles. In certain such embodiments in which two half-
density memory devices are transparently substituted for a single full-density memory device
(as reported by the SPD device 240 to the memory controller), the memory devices

advantageously support the “open row” feature.

[00122] FIG. 10A schematically illustrates an exemplary memory module 10 which
doubles the rank density in accordance with certain embodiments described herein. The
memory module 10 has a first memory capacity. The memory module 10 comprises a plurality
of substantially identical memory devices 30 configured as a first rank 32a and a second rank
32b. In certain embodiments, the memory devices 30 of the first rank 32a are configured in
pairs, and the memory devices 30 of the second rank 32b are also configured in pairs. In certain
embodiments, the memory devices 30 of the first rank 32a are configured with their respective
DQS pins tied together and the memory devices 30 of the second rank 32b are configured with
their respective DQS pins tied together, as described more fully below. The memory module
10 further comprises a circuit 40 which receives a first set of address and command signals
from a memory controller (not shown) of the computer system. The first set of address and
command signals is compatible with a second memory capacity substantially equal to one-half

of the first memory capacity. The circuit 40 translates the first set of address and command
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signals into a second set of address and command signals which is compatible with the first
memory capacity of the memory module 10 and which is transmitted to the first rank 32a and

the second rank 32b.

[00123]  The first rank 32a of FIG. 10A has 18 memory devices 30 and the second
rank 32b of FIG. 10A has 18 memory devices 30. Other numbers of memory devices 30 in

each of the ranks 32a, 32b are also compatible with embodiments described herein.

[00124] In the embodiment schematically illustrated by FIG. 10A, the memory
module 10 has a width of 8 bytes (or 64 bits) and each of the memory devices 30 of FIG. 10A
has a bit width of 4 bits. The 4-bit-wide (“*4”) memory devices 30 of FIG. 10A have one-half
the width, but twice the depth of 8-bit-wide (“x8”) memory devices. Thus, each pair of “x4”
memory devices 30 has the same density as a single “x8” memory device, and pairs of “x4”
memory devices 30 can be used instead of individual “x8” memory devices to provide the
memory density of the memory module 10. For example, a pair of 512-Mb 128 Mx4-bit

memory devices has the same memory density as a 1-Gb 128 Mx8-bit memory device.

[00125] For two “x4” memory devices 30 to work in tandem to mimic a “x8”
memory device, the relative DQS pins of the two memory devices 30 in certain embodiments
are advantageously tied together, as described more fully below. In addition, to access the
memory density of a high-density memory module 10 comprising pairs of “x4” memory
devices 30, an additional address line is used. While a high-density memory module
comprising individual “x8” memory devices with the next-higher density would also utilize an
additional address line, the additional address lines are different in the two memory module

configurations.

[00126] For example, a 1-Gb 128 Mx8-bit DDR-1 DRAM memory device uses row
addresses A13-Ao and column addresses A11and Aos-Ao. A pair of 512-Mb 128 Mx4-bit DDR-1
DRAM memory devices uses row addresses A12-Aoand column addresses A1z, A11, and Ao-Ao.
In certain embodiments, a memory controller of a computer system utilizing a 1-GB 128 Mx8
memory module 10 comprising pairs of the 512-Mb 128 M*x4 memory devices 30 supplies the
address and command signals including the extra row address (A1) to the memory module 10.
The circuit 40 receives the address and command signals from the memory controller and

converts the extra row address (A13) into an extra column address (A12).
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[00127] FIG. 10B schematically illustrates an exemplary circuit 40 compatible with
embodiments described herein. The circuit 40 is used for a memory module 10 comprising
pairs of “x4” memory devices 30 which mimic individual “x8” memory devices. In certain
embodiments, each pair has the respective DQS pins of the memory devices 30 tied together.
In certain embodiments, as schematically illustrated by FIG. 10B, the circuit 40 comprises a
programmable-logic device (PLD) 42, a first multiplexer 44 electrically coupled to the first
rank 32a of memory devices 30, and a second multiplexer 46 electrically coupled to the second
rank 32b of memory devices 30. In certain embodiments, the PLD 42 and the first and second
multiplexers 44, 46 are discrete elements, while in other certain embodiments, they are
integrated within a single integrated circuit. Persons skilled in the art can select an appropriate
PLD 42, first multiplexer 44, and second multiplexer 46 in accordance with embodiments

described herein.

[00128] In the exemplary circuit 40 of FIG. 10B, during a row access procedure
(CAS is high), the first multiplexer 44 passes the A1, address through to the first rank 32, the
second multiplexer 46 passes the A1, address through to the second rank 34, and the PLD 42
saves or latches the A1s address from the memory controller. In certain embodiments, a copy
of the Ais address is saved by the PLD 42 for each of the internal banks (e.g., 4 internal banks)
per memory device 30. During a subsequent column access procedure (CAS is low), the first
multiplexer 44 passes the previously-saved Ai3 address through to the first rank 32a as the A2
address and the second multiplexer 46 passes the previously-saved A3 address through to the
second rank 32b as the A12 address. The first rank 32a and the second rank 32b thus interpret
the previously-saved A1s row address as the current A1z column address. In this way, in certain
embodiments, the circuit 40 translates the extra row address into an extra column address in

accordance with certain embodiments described herein.

[00129]  Thus, by allowing two lower-density memory devices to be used rather than
one higher-density memory device, certain embodiments described herein provide the
advantage of using lower-cost, lower-density memory devices to build “next-generation”
higher-density memory modules. Certain embodiments advantageously allow the use of lower-
cost readily-available 512-Mb DDR-2 SDRAM devices to replace more expensive 1-Gb DDR-
2 SDRAM devices. Certain embodiments advantageously reduce the total cost of the resultant

memory module.
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[00130] FIG. 11A schematically illustrates an exemplary memory module 10 which
doubles number of ranks in accordance with certain embodiments described herein. The
memory module 10 has a first plurality of memory locations with a first memory density. The
memory module 10 comprises a plurality of substantially identical memory devices 30
configured as a first rank 32a, a second rank 32b, a third rank 32 ¢, and a fourth rank 32 d. The
memory module 10 further comprises a circuit 40 which receives a first set of address and
command signals from a memory controller (not shown). The first set of address and command
signals is compatible with a second plurality of memory locations having a second memory
density. The second memory density is substantially equal to one-half of the first memory
density. The circuit 40 translates the first set of address and command signals into a second set
of address and command signals which is compatible with the first plurality of memory
locations of the memory module 10 and which is transmitted to the first rank 32a, the second

rank 32b, the third rank 32 ¢, and the fourth rank 32 d.

[00131] Eachrank 32a, 32b, 32 ¢, 32 d of FIG. 11A has 9 memory devices 30. Other
numbers of memory devices 30 in each of the ranks 32a, 32b, 32 ¢, 32 d are also compatible

with embodiments described herein.

[00132] In the embodiment schematically illustrated by FIG. 11A, the memory
module 10 has a width of 8 bytes (or 64 bits) and each of the memory devices 30 of FIG. 11A
has a bit width of 8 bits. Because the memory module 10 has twice the number of 8-bit-wide
(“x8”) memory devices 30 as does a standard 8-byte-wide memory module, the memory
module 10 has twice the density as does a standard 8-byte-wide memory module. For example,
a 1-GB 128 Mx8-byte memory module with 36 512-Mb 128 Mx8-bit memory devices
(arranged in four ranks) has twice the memory density as a 512-Mb 128 Mx8-byte memory
module with 18 512-Mb 128 Mx8-bit memory devices (arranged in two ranks).

[00133] To access the additional memory density of the high-density memory
module 10, the two chip-select signals (CSo, CS1) are used with other address and command
signals to gate a set of four gated CAS signals. For example, to access the additional ranks of
four-rank 1-GB 128 Mx8-byte DDR-1 DRAM memory module, the CSo and CS; signals along
with the other address and command signals are used to gate the CAS signal appropriately, as
schematically illustrated by FIG. 11A. FIG. 11B schematically illustrates an exemplary circuit

40 compatible with embodiments described herein. In certain embodiments, the circuit 40
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comprises a programmable-logic device (PLD) 42 and four “OR” logic elements 52, 54, 56,
58 electrically coupled to corresponding ranks 32a, 32b, 32 ¢, 32 d of memory devices 30.

[00134] In certain embodiments, the PLD 42 comprises an ASIC, an FPGA, a
custom-designed semiconductor device, or a CPLD. In certain embodiments, the PLD 42 and
the four “OR” logic elements 52, 54, 56, S8 are discrete elements, while in other certain
embodiments, they are integrated within a single integrated circuit. Persons skilled in the art
can select an appropriate PLD 42 and appropriate “OR” logic elements 52, 54, 56, 58 in

accordance with embodiments described herein.

[00135] In the embodiment schematically illustrated by FIG. 11B, the PLD 42
transmits each of the four “enabled CAS” (ENCASoa, ENCASob, ENCAS1a, ENCAS1b)
signals to a corresponding one of the “OR” logic elements 52, 54, 56, 58. The CAS signal is
also transmitted to each of the four “OR” logic elements 52, 54, 56, S8. The CAS signal and
the “enabled CAS” signals are “low” true signals. By selectively activating each of the four
“enabled CAS” signals which are inputted into the four “OR” logic elements 52, 54, 56, 58,
the PLD 42 is able to select which of the four ranks 32a, 32b, 32 ¢, 32 d is active.

[00136] Incertain embodiments, the PLD 42 uses sequential and combinatorial logic
procedures to produce the gated CAS signals which are each transmitted to a corresponding
one of the four ranks 32a, 32b, 32 ¢, 32 d. In certain other embodiments, the PLD 42 instead
uses sequential and combinatorial logic procedures to produce four gated chip-select signals
(e.g., CSoa, CSob, CSia, and CSib) which are each transmitted to a corresponding one of the
four ranks 32a, 32b, 32 ¢, 32 d.

Tied Data Strobe Signal Pins

[00137] For proper operation, the computer system advantageously recognizes a 1-
GB memory module comprising 256-Mb memory devices with 64 Mx4-bit configuration as a
1-GB memory module having 512-Mb memory devices with 64 Mx8-bit configuration (e.g.,
as a 1-GB memory module with 128 Mx8-byte configuration). This advantageous result is
desirably achieved in certain embodiments by electrically connecting together two output
signal pins (e.g., DQS or data strobe pins) of the two 256-Mb memory devices such that both
output signal pins are concurrently active when the two memory devices are concurrently

enabled. The DQS or data strobe is a bi-directional signal that is used during both read cycles
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and write cycles to validate or latch data. As used herein, the terms “tying together” or “tied
together” refer to a configuration in which corresponding pins (e.g., DQS pins) of two memory
devices are electrically connected together and are concurrently active when the two memory
devices are concurrently enabled (e.g., by a common chip-select or CS signal). Such a
configuration is different from standard memory module configurations in which the output
signal pins (e.g., DQS pins) of two memory devices are electrically coupled to the same source,
but these pins are not concurrently active since the memory devices are not concurrently
enabled. However, a general guideline of memory module design warns against tying together

two output signal pins in this way.

[00138] FIGS. 12 and 13 schematically illustrate a problem which may arise from
tying together two output signal pins. FIG. 12 schematically illustrates an exemplary memory
module 305 in which a first DQS pin 312 of a first memory device 310 is electrically connected
to a second DQS pin 322 of a second memory device 320. The two DQS pins 312, 322 are

both electrically connected to a memory controller 330.

[00139] FIG. 13 is an exemplary timing diagram of the voltages applied to the two
DQS pins 312, 322 due to non-simultaneous switching. As illustrated by FIG. 13, at time t1,
both the first DQS pin 312 and the second DQS pin 322 are high, so no current flows between
them. Similarly, at time ts4, both the first DQS pin 312 and the second DQS pin 322 are low, so
no current flows between them. However, for times between approximately t» and
approximately t3, the first DQS pin 312 is low while the second DQS pin 322 is high. Under
such conditions, a current will flow between the two DQS pins 312, 322. This condition in
which one DQS pin is low while the other DQS pin is high can occur for fractions of a second
(e.g., 0.8 nanoseconds) during the dynamic random-access memory (DRAM) read cycle.
During such conditions, the current flowing between the two DQS pins 312, 322 can be
substantial, resulting in heating of the memory devices 310, 320, and contributing to the

degradation of reliability and eventual failure of these memory devices.

[00140] A second problem may also arise from tying together two output signal pins.
FIG. 14 schematically illustrates another exemplary memory module 305 in which a first DQS
pin 312 of a first memory device 310 is electrically connected to a second DQS pin 322 of a
second memory device 320. The two DQS pins 312, 322 of FIG. 14 are both electrically
connected to a memory controller (not shown). The DQ (data input/output) pin 314 of the first
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memory device 310 and the corresponding DQ pin 324 of the second memory device 320 are
each electrically connected to the memory controller by the DQ bus (not shown). Typically,
each memory device 310, 320 will have a plurality of DQ pins (e.g., eight DQ pins per memory
device), but for simplicity, FIG. 14 only shows one DQ pin for each memory device 310, 320.

[00141] Each of the memory devices 310, 320 of FIG. 14 utilizes a respective on-
die termination or “ODT” circuit 332, 334 which has termination resistors (e.g., 75 ohms)
internal to the memory devices 310, 320 to provide signal termination. Each memory device
310, 320 has a corresponding ODT signal pin 362, 364 which is electrically connected to the
memory controller via an ODT bus 340. The ODT signal pin 362 of the first memory device
310 receives a signal from the ODT bus 340 and provides the signal to the ODT circuit 332 of
the first memory device 310. The ODT circuit 332 responds to the signal by selectively
enabling or disabling the internal termination resistors 352, 356 of the first memory device 310.
This behavior is shown schematically in FIG. 14 by the switches 342, 344 which are either
closed (dash-dot line) or opened (solid line). The ODT signal pin 364 of the second memory
device 320 receives a signal from the ODT bus 340 and provides the signal to the ODT circuit
334 of the second memory device 320. The ODT circuit 334 responds to the signal by
selectively enabling or disabling the internal termination resistors 354, 358 of the second
memory device 320. This behavior is shown schematically in FIG. 14 by the switches 346, 348
which are either closed (dash-dot line) or opened (solid line). The switches 342, 344, 346, 348
of FIG. 14 are schematic representations of the operation of the ODT circuits 332, 334, and do

not signify that the ODT circuits 332, 334 necessarily include mechanical switches.

[00142] Examples of memory devices 310, 320 which include such ODT circuits
332, 334 include, but are not limited to, DDR2 memory devices. Such memory devices are
configured to selectively enable or disable the termination of the memory device in this way
in response to signals applied to the ODT signal pin of the memory device. For example, when
the ODT signal pin 362 of the first memory device 310 is pulled high, the termination resistors
352, 356 of the first memory device 310 are enabled. When the ODT signal pin 362 of the first
memory device 310 is pulled low (e.g., grounded), the termination resistors 352, 356 of the
first memory device 310 are disabled. By selectively disabling the termination resistors of an
active memory device, while leaving the termination resistors of inactive memory devices

enabled, such configurations advantageously preserve signal strength on the active memory
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device while continuing to eliminate signal reflections at the bus-die interface of the inactive

memory devices.

[00143] In certain configurations, as schematically illustrated by FIG. 14, the DQS
pins 312, 322 of each memory device 310, 320 are selectively connected to a voltage VTT
through a corresponding termination resistor 352, 354 internal to the corresponding memory
device 310, 320. Similarly, in certain configurations, as schematically illustrated by FIG. 14,
the DQ pins 314, 324 are selectively connected to a voltage VTT through a corresponding
termination resistor 356, 358 internal to the corresponding memory device 310, 320. In certain
configurations, rather than being connected to a voltage VTT, the DQ pins 314, 324 and/or the
DQS pins 312, 322 are selectively connected to ground through the corresponding termination
resistors 352, 354, 356, 358. The resistances of the internal termination resistors 352, 354, 356,
358 are selected to clamp the voltages so as to reduce the signal reflections from the
corresponding pins. In the configuration schematically illustrated by FIG. 14, each internal

termination resistor 352, 354, 356, 358 has a resistance of approximately 75 ohms.

[00144] When connecting the first memory device 310 and, the second memory
device 320 together to form a double word width, both the first memory device 310 and the
second memory device 320 are enabled at the same time (e.g., by a common CS signal).
Connecting the first memory device 310 and the second memory device 320 by tying the DQS
pins 312, 322 together, as shown in FIG. 14, results in a reduced effective termination
resistance for the DQS pins 312, 322. For example, for the exemplary configuration of FIG.
14, the effective termination resistance for the DQS pins 312, 322 is approximately 37.5 ohms,
which is one-half the desired ODT resistance (for 75-ohm internal termination resistors) to
reduce signal reflections since the internal termination resistors 352, 354 of the two memory
devices 310, 320 are connected in parallel. This reduction in the termination resistance can

result in signal reflections causing the memory device to malfunction.

[00145] FIG. 15 schematically illustrates an exemplary memory module 400 in
accordance with certain embodiments described herein. The memory module 400 comprises a
first memory device 410 having a first data strobe (DQS) pin 412 and a second memory device
420 having a second data strobe (DQS) pin 422. The memory module 400 further comprises a
first resistor 430 electrically coupled to the first DQS pin 412. The memory module 400 further

comprises a second resistor 440 electrically coupled to the second DQS pin 422 and to the first
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resistor 430. The first DQS pin 412 is electrically coupled to the second DQS pin 422 through
the first resistor 430 and through the second resistor 440.

[00146] In certain embodiments, the memory module 400 is a 1-GB unbuffered
Double Data Rate (DDR) Synchronous Dynamic RAM (SDRAM) high-density dual in-line
memory module (DIMM). FIGS. 16A and 16B schematically illustrate a first side 462 and a
second side 464, respectively, of such a memory module 400 with eighteen 64 Mx>4-bit, DDR-
1 SDRAM FBGA memory devices on each side of a 184-pin glass-epoxy printed circuit board
(PCB) 460. In certain embodiments, the memory module 400 further comprises a phase-lock-
loop (PLL) clock driver 470, an EEPROM for serial-presence detect (SPD) data 480, and
decoupling capacitors (not shown) mounted on the PCB in parallel to suppress switching noise
on VDD and VDDQ power supply for DDR-1 SDRAM. By using synchronous design, such
memory modules 400 allow precise control of data transfer between the memory module 400
and the system controller. Data transfer can take place on both edges of the DQS signal at
various operating frequencies and programming latencies. Therefore, certain such memory

modules 400 are suitable for a variety of high-performance system applications.

[00147]  In certain embodiments, the memory module 400 comprises a plurality of
memory devices configured in pairs, each pair having a first memory device 410 and a second
memory device 420. For example, in certain embodiments, a 128 Mx72-bit DDR SDRAM
high-density memory module 400 comprises thirty-six 64 Mx4-bit DDR-1 SDRAM integrated
circuits in FBGA packages configured in eighteen pairs. The first memory device 410 of each
pair has the first DQS pin 412 electrically coupled to the second DQS pin 422 of the second
memory device 420 of the pair. In addition, the first DQS pin 412 and the second DQS pin 422
are concurrently active when the first memory device 410 and the second memory device 420

are concurrently enabled.

[00148] In certain embodiments, the first resistor 430 and the second resistor 440
each has a resistance advantageously selected to reduce the current flow between the first DQS
pin 412 and the second DQS pin 422 while allowing signals to propagate between the memory
controller and the DQS pins 412, 422. In certain embodiments, each of the first resistor 430
and the second resistor 440 has a resistance in a range between approximately 5 ohms and
approximately 50 ohms. For example, in certain embodiments, each of the first resistor 430

and the second resistor 440 has a resistance of approximately 22 ohms. Other resistance values
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for the first resistor 430 and the second resistor 440 are also compatible with embodiments
described herein. In certain embodiments, the first resistor 430 comprises a single resistor,
while in other embodiments, the first resistor 430 comprises a plurality of resistors electrically
coupled together in series and/or in parallel. Similarly, in certain embodiments, the second
resistor 440 comprises a single resistor, while in other embodiments, the second resistor 440

comprises a plurality of resistors electrically coupled together in series and/or in parallel.

[00149] FIGS. 17A and 17B schematically illustrate an exemplary embodiment of a
memory module 400 in which the first resistor 430 and the second resistor 440 are used to
reduce the current flow between the first DQS pin 412 and the second DQS pin 422. As
schematically illustrated by FIG. 17A, the memory module 400 is part of a computer system
500 having a memory controller 510. The first resistor 430 has a resistance of approximately
22 ohms and the second resistor 440 has a resistance of approximately 22 ohms. The first
resistor 430 and the second resistor 440 are electrically coupled in parallel to the memory
controller 510 through a signal line 520 having a resistance of approximately 25 ohms. The
first resistor 430 and the second resistor 440 are also electrically coupled in parallel to a source
of a fixed termination voltage (identified by VIT in FIGS. 17A and 17B) by a signal line 540
having a resistance of approximately 47 ohms. Such an embodiment can advantageously be
used to allow two memory devices having lower bit widths (e.g., 4-bit) to behave as a single

virtual memory device having a higher bit width (e.g., 8-bit).

[00150] FIG. 17B schematically illustrates exemplary current-limiting resistors 430,
440 in conjunction with the impedances of the memory devices 410, 420. During an exemplary
portion of a data read operation, the memory controller 510 is in a high-impedance condition,
the first memory device 410 drives the first DQS pin 412 high (e.g., 2.7 volts), and the second
memory device 420 drives the second DQS pin 422 low (e.g., 0 volts). The amount of time for
which this condition occurs is approximated by the time between t; and t3 of FIG. 13, which in
certain embodiments is approximately twice the tDQSQ (data strobe edge to output data edge
skew time, e.g., approximately 0.8 nanoseconds). At least a portion of this time in certain

embodiments is caused by simultaneous switching output (SSO) effects.

[00151] In certain embodiments, as schematically illustrated by FIG. 17B, the DQS
driver of the first memory device 410 has a driver impedance R: of approximately 17 ohms,

and the DQS driver of the second memory device 420 has a driver impedance R4 of
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approximately 17 ohms. Because the upper network of the first memory device 410 and the
first resistor 430 (with a resistance R, of approximately 22 ohms) is approximately equal to the
lower network of the second memory device 420 and the second resistor 440 (with a resistance
Rs of approximately 22 ohms), the voltage at the midpoint is approximately 0.5%(2.7-0)=1.35
volts, which equals VTT, such that the current flow across the 47-ohm resistor of FIG. 17B is

approximately zero.

[00152] The voltage at the second DQS pin 422 in FIG. 17B is given by
Vpos2=2.7*R4/(R1+R2+R3+R4)=0.59 volts and the current flowing through the second DQS
pin 422 is given by Ipgs2=0.59/R4=34 milliamps. The power dissipation in the DQS driver of
the second memory device 420 is thus Ppos:=34 mA*0.59 V=20 milliwatts. In contrast,
without the first resistor 430 and the second resistor 440, only the 17-ohm impedances of the
two memory devices 410, 420 would limit the current flow between the two DQS pins 412,
422, and the power dissipation in the DQS driver of the second memory device 420 would be
approximately 107 milliwatts. Therefore, the first resistor 430 and the second resistor 440 of
FIGS. 17A and 17B advantageously limit the current flowing between the two memory devices
during the time that the DQS pin of one memory device is driven high and the DQS pin of the

other memory device is driven low.

[00153] In certain embodiments in which there is overshoot or undershoot of the
voltages, the amount of current flow can be higher than those expected for nominal voltage
values. Therefore, in certain embodiments, the resistances of the first resistor 430 and the
second resistor 440 are advantageously selected to account for such overshoot/undershoot of

voltages.

[00154]  For certain such embodiments in which the voltage at the second DQS pin
422 is Vpos»=0.59 volts and the duration of the overdrive condition is approximately 0.8
nanoseconds at maximum, the total surge is approximately 0.59 V*1.2 ns=0.3 V-ns. For
comparison, the JEDEC standard for overshoot/undershoot is 2.4 V-ns, so certain embodiments
described herein advantageously keep the total surge within predetermined standards (e.g.,

JEDEC standards).

[00155] FIG. 18 schematically illustrates another exemplary memory module 600
compatible with certain embodiments described herein. The memory module 600 comprises a

termination bus 605. The memory module 600 further comprises a first memory device 610
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having a first data strobe pin 612, a first termination signal pin 614 electrically coupled to the
termination bus 605, a first termination circuit 616, and at least one data pin 618. The first
termination circuit 616 selectively electrically terminating the first data strobe pin 612 and the
first data pin 618 in response to a first signal received by the first termination signal pin 614
from the termination bus 605. The memory module 600 further comprises a second memory
device 620 having a second data strobe pin 622 electrically coupled to the first data strobe pin
612, a second termination signal pin 624, a second termination circuit 626, and at least one
data pin 628. The second termination signal pin 624 is electrically coupled to a voltage,
wherein the second termination circuit 626 is responsive to the voltage by not terminating the
second data strobe pin 622 or the second data pin 628. The memory module 600 further
comprises at least one termination assembly 630 having a third termination signal pin 634, a
third termination circuit 636, and at least one termination pin 638 electrically coupled to the
data pin 628 of the second memory device 620. The third termination signal pin 634 is
electrically coupled to the termination bus 605. The third termination circuit 636 selectively
electrically terminates the data pin 628 of the second memory device 620 through the
termination pin 638 in response to a second signal received by the third termination signal pin

634 from the termination bus 605.

[00156] FIG. 19 schematically illustrates a particular embodiment of the memory
module 600 schematically illustrated by FIG. 18. The memory module 600 comprises an on-
die termination (ODT) bus 605. The memory module 600 comprises a first memory device 610
having a first data strobe (DQS) pin 612, a first ODT signal pin 614 electrically coupled to the
ODT bus 6085, a first ODT circuit 616, and at least one data (DQ) pin 618. The first ODT circuit
616 selectively electrically terminates the first DQS pin 612 and the DQ pin 618 of the first
memory device 610 in response to an ODT signal received by the first ODT signal pin 614
from the ODT bus 60S. This behavior of the first ODT circuit 616 is schematically illustrated
in FIG. 14 by the switches 672, 676 which are selectively closed (dash-dot line) or opened
(solid line).

[00157] The memory module 600 further comprises a second memory device 620
having a second DQS pin 622 electrically coupled to the first DQS pin 612, a second ODT
signal pin 624, a second ODT circuit 626, and at least one DQ pin 628. The first DQS pin 612

and the second DQS pin 622 are concurrently active when the first memory device 610 and the
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second memory device 620 are concurrently enabled. The second ODT signal pin 624 is
electrically coupled to a voltage (e.g., ground), wherein the second ODT circuit 626 is
responsive to the voltage by not terminating the second DQS pin 622 or the second DQ pin
624. This behavior of the second ODT circuit 626 is schematically illustrated in FIG. 14 by the
switches 674, 678 which are opened.

[00158] The memory module 600 further comprises at least one termination
assembly 630 having a third ODT signal pin 634 electrically coupled to the ODT bus 605, a
third ODT circuit 636, and at least one termination pin 638 electrically coupled to the DQ pin
628 of the second memory device 620. The third ODT circuit 636 selectively electrically
terminates the DQ pin 628 of the second memory device 620 through the termination pin 638
in response to an ODT signal received by the third ODT signal pin 634 from the ODT bus 605.
This behavior of the third ODT circuit 636 is schematically illustrated in FIG. 19 by the switch
680 which is either closed (dash-dot line) or opened (solid line).

[00159] In certain embodiments, the termination assembly 630 comprises discrete
electrical components which are surface-mounted or embedded on the printed-circuit board of
the memory module 600. In certain other embodiments, the termination assembly 630
comprises an integrated circuit mounted on the printed-circuit board of the memory module
600. Persons skilled in the art can provide a termination assembly 630 in accordance with

embodiments described herein.

[00160] Certain embodiments of the memory module 600 schematically illustrated
by FIG. 19 advantageously avoid the problem schematically illustrated by FIG. 12 of
electrically connecting the internal termination resistances of the DQS pins of the two memory
devices in parallel. As described above in relation to FIG. 14, FIGS. 18 and 19 only show one
DQ pin for each memory device for simplicity. Other embodiments have a plurality of DQ pins
for each memory device. In certain embodiments, each of the first ODT circuit 616, the second
ODT circuit 626, and the third ODT circuit 636 are responsive to a high voltage or signal level
by enabling the corresponding termination resistors and are responsive to a low voltage or
signal level (e.g., ground) by disabling the corresponding termination resistors. In other
embodiments, each of the first ODT circuit 616, the second ODT circuit 626, and the third
ODT circuit 636 are responsive to a high voltage or signal level by disabling the corresponding

termination resistors and are responsive to a low voltage or signal level (e.g., ground) by
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enabling the corresponding termination resistors. Furthermore, the switches 672, 674, 676, 678,
680 of FIG. 18 are schematic representations of the enabling and disabling operation of the
ODT circuits 616, 626, 636 and do not signify that the ODT circuits 616, 626, 636 necessarily

include mechanical switches.

[00161] The first ODT signal pin 614 of the first memory device 610 receives an
ODT signal from the ODT bus 605. In response to this ODT signal, the first ODT circuit 616
selectively enables or disables the termination resistance for both the first DQS pin 612 and
the DQ pin 618 of the first memory device 610. The second ODT signal pin 624 of the second
memory device 620 is tied (e.g., directly hard-wired) to the voltage (e.g., ground), thereby
disabling the internal termination resistors 654, 658 on the second DQS pin 622 and the second
DQ pin 628, respectively, of the second memory device 620 (schematically shown by open
switches 674, 678 in FIG. 19). The second DQS pin 622 is electrically coupled to the first DQS
pin 612, so the termination resistance for both the first DQS pin 612 and the second DQS pin

622 is provided by the termination resistor 652 internal to the first memory device 510.

[00162] The termination resistor 656 of the DQ pin 618 of the first memory device
610 is enabled or disabled by the ODT signal received by the first ODT signal pin 614 of the
first memory device 610 from the ODT bus 605. The termination resistance of the DQ pin 628
of the second memory device 620 is enabled or disabled by the ODT signal received by the
third ODT signal pin 634 of the termination assembly 630 which is external to the second
memory device 620. Thus, in certain embodiments, the first ODT signal pin 614 and the third
ODT signal pin 634 receive the same ODT signal from the ODT bus 605, and the termination
resistances for both the first memory device 610 and the second memory device 620 are
selectively enabled or disabled in response thereto when these memory devices are
concurrently enabled. In this way, certain embodiments of the memory module 600
schematically illustrated by FIG. 19 provides external or off-chip termination of the second

memory device 620.

[00163] Certain embodiments of the memory module 600 schematically illustrated
by FIG. 19 advantageously allow the use of two lower-cost readily-available 512-Mb DDR-2
SDRAM devices to provide the capabilities of a more expensive 1-GB DDR-2 SDRAM device.
Certain such embodiments advantageously reduce the total cost of the resultant memory

module 600.
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[00164] Certain embodiments described herein advantageously increase the
memory capacity or memory density per memory slot or socket on the system board of the
computer system. Certain embodiments advantageously allow for higher memory capacity in
systems with limited memory slots. Certain embodiments advantageously allow for flexibility
in system board design by allowing the memory module 10 to be used with computer systems
designed for different numbers of ranks (e.g., either with computer systems designed for two-
rank memory modules or with computer systems designed for four-rank memory modules).

Certain embodiments advantageously provide lower costs of board designs.

[00165] In certain embodiments, the memory density of a memory module is
advantageously doubled by providing twice as many memory devices as would otherwise be
provided. For example, pairs of lower-density memory devices can be substituted for
individual higher-density memory devices to reduce costs or to increase performance. As
another example, twice the number of memory devices can be used to produce a higher-density
memory configuration of the memory module. Each of these examples can be limited by the
number of chip select signals which are available from the memory controller or by the size of
the memory devices. Certain embodiments described herein advantageously provide a logic
mechanism to overcome such limitations.

[00166] Various embodiments of the present invention have been described above.
Although this invention has been described with reference to these specific embodiments, the
descriptions are intended to be illustrative of the invention and are not intended to be limiting.
Various modifications and applications may occur to those skilled in the art without departing

from the true spirit and scope of the invention.
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WE CLAIM:

1. A memory module operable in a computer system, the computer system including a
memory controller coupled to a memory bus, the memory bus including address and control
signal lines and data signal lines, the memory module comprising:

a printed circuit board having a plurality of edge connections configured to be
electrically coupled to a corresponding plurality of contacts of a module slot of the computer
system,;

logic coupled to the printed circuit board and configurable to receive input address and
control signals associated with a read or write memory command via the address and control
signal lines and to output registered address and control signals corresponding to the input
address and control signals, the input address and control signals including a plurality of input
chip select signals and other input address and control signals, the plurality of input chip select
signals at least including a first input chip select signal and a second input chip select signal,
the first input chip select signal having an active value and the second input chip select signal
having an inactive value, the registered address and control signals including a plurality of
registered chip select signals and other registered address and control signals, the plurality of
registered chip select signals at least including a first registered chip select signal
corresponding to the first input chip select signal and a second registered chip select signal
corresponding to the second input chip select signal, the first registered chip select signal
having an active value and the second registered chip select signal having an inactive value,
wherein the logic is further configurable to output data transfer control signals associated with
the read or write memory command,

memory devices mounted on the printed circuit board, the memory devices at least
including first memory devices and second memory devices, wherein the first memory devices
are configured to receive the first registered chip select signal and the other registered address
and control signals, and to receive or output data signals associated with the read or write
command, and wherein the second memory devices are configured to receive the second
registered chip select signal and the other registered address and control signals; and

circuitry coupled between the memory devices and the data signal lines in the memory
bus, and configurable to be in any of a plurality of states including a first state and a second

state, wherein:
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the circuitry is configurable to transition from the first state to the second state
in response to the data transfer control signals;

the circuitry in the first state is configured to disable signal communication
through the circuitry;

the circuitry in the second state is configured to transfer the data signals
associated with the read or write command via registered data transfers in accordance
with a transfer time budget of the memory module;

the transfer time budget of the memory module includes a predetermined
amount of time delay associated with the registered data transfers through the circuitry;
and

an overall CAS latency of the memory module is greater than an actual
operational CAS latency of each of the memory devices by at least the predetermined

amount of time delay.

2. The memory module of claim 1, wherein each of the memory devices has a
corresponding load, and the circuitry is configured to isolate the loads of the memory devices

from the memory bus.

3. The memory module of claim 1, wherein the data signals include respective sets of
consecutively transmitted data bits corresponding to respective data signal lines in the
memory bus, and wherein each set of consecutively transmitted data bits are successively
transferred through the circuitry in response to the data transfer control signals and in

accordance with the transfer time budget of the memory module.

4. The memory module of claim 1, wherein each of the memory devices is 4-bits or 8-
bits wide, and wherein the first memory devices form a rank that is 32-bits, 64-bits or 72-bits

wide.

5. The memory module of claim 1, wherein each of the memory devices is 4-bits wide,

and wherein the memory devices are configured in 8-bit-wide pairs.

6. The memory module of claim 1, wherein the circuitry includes logic pipelines
configurable to enable data transfers between the memory devices and the memory bus

through the circuitry.
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7. The memory module of claim 1, wherein the memory module has a specified data
rate, and wherein the data signals are transferred between the first memory devices and the

memory controller at the specified data rate.

8. The memory module of claim 1, further comprising a phase locked loop clock driver
configured to output a clock signal in response to one or more signals received from the
memory controller, wherein the predetermined amount of time delay is at least one clock

cycle time delay.

9. The memory module of claim 8, wherein the memory devices are dynamic random
access memory devices configured to operate synchronously with the clock signal, and
wherein each memory device in the first memory devices is configured to receive or output a
respective set of data strobes and to receive or output data bits on both edges of each of the

respective set of data strobes.

10.  The memory module of claim 1, wherein the circuitry includes data paths that are
disabled when the circuitry is in the first state and enabled when the circuitry is in the second

state.

11.  The memory module of claim 10, wherein the data paths are disabled when no data

signals associated with any memory command are being transferred through the circuitry.

12. The memory module of claim 10, wherein the memory module has a specified data
rate, and wherein the data signals are transferred through the data paths at the specified data

rate.
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MEMORY MODULE WITH DATA BUFFERING
ABSTRACT OF THE DISCLOSURE

A memory module operable to communicate data with a memory controller via a
memory bus. The memory module comprises memory devices and logic configurable to
receive and register a set of input address and control signals associated with a read or write
memory command and to output data transfer control signals. The memory module further
comprises circuitry coupled between the memory bus and the memory devices. The circuitry
is configurable to be in any of a plurality of states including a first state and a second state, and
to transition from the first state to the second state in response to the data transfer control
signals. The circuitry in the first state is configured to disable signal communication through
the circuitry. The circuitry in the second state is configured to transfer the data signals
associated with the read or write command in accordance with a transfer time budget of the

memory module.
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Custoner No, 78141 Modified PTO/AIA/OL (06-1

Atiorney Docket No.: NETL.01882C7
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DECLARATION FOR UTILITY OR DESIGN APPLICATION

Title of

. LOAD-REDUCING CIRCUIT FOR MEMORY MOPDULE
Invention

As a below named inventor, { hereby declare that;

This declaration
is direcied to: D The attached apphication, or

United States application or PCT international application

number 13/971,231  filed on August 20, 2013

The above-identified application was made or authorized to be made by me.
I beligve that T am the original inventor or an original joint inventor of & claimed nvention in the application.

[ hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or impriscnment of not more than five (8) years, or both.

Note te Inventor: 37 C.FR. § 1.63(c) states: “A person may not execute an oath or declaration for an application
unless that person has reviewed and understands the contents of the application, including the claims, and is aware
of the duty to disclose to the Office all information known to the person to be material to patentability as defined in
§ 1567
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Electronically filed August 16, 2021

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of:  Jefferey C. Solomon Confirmation No.: TBA

Serial No.: Filed Herewith Art Unit TBA

Filed: August 16, 2021 Examiner: TBA

For: MEMORY MODULE WITH  Attorney Docket No.: NL023-02US
DATA BUFFERING

STATEMENT UNDER 37 C.F.R. § 3.73(c)

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

Sir:
NETLIST, INC., a corporation, states that it is the assignee of the entire right, title

and interest in the patent application/patent identified above by virtue of an assignment from

the inventor(s) of the parent of the patent application/patent identified above.

The assignment was recorded in the United States Patent and Trademark Office on

July 17, 2006 at Reel 018104, Frame 0964, or for which a copy thereof is attached.

The undersigned is authorized to act on behalf of the assignee.

Date: August 16, 2021 /Jamie J. Zheng / 51,167
Jamie J. Zheng (Reg. No.)
Customer No. 79141
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Modified PTO/AIA/82B (07-12)

GENERAL POWER OF ATTORNEY BY APPLICANT
FOR UNITED STATES PATENT

I hereby revoke all previous powers of attorney given in the application referenced in the attached
transmittal letter (form PTO/AIA/82A or equivalent).

I hereby appoint the practitioner associated with the following Customer Number

79141

as my/our attorney or agent, and to transact all business in the United States Patent and Trademark
Office in connection with the application referenced in the attached transmittal letter (form
PTO/AIA/82A or equivalent).

Please recognize or change the correspondence address for the application referenced in the attached
transmittal letter to the address associated with the above-mentioned Customer Number.

[ am the Applicant:

D Inventor or Joint Inventor

D Legal Representative of a Deceased or Legally Incapacitated Inventor

. Assignee or Person to Whom the Inventor is Under an Obligation to Assign

D Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR
1.46(b)(2) was granted in the application or is currently being filed in this document)

SIGNATURE of Applicant for Patent

Signature /ﬁ% Date: January 9, 2013
Z

g
Name / Gail Sasaki

Tiu{ Wdent and Chief Financial Officer

N
Company Netlist, Inc.

Note: Signature - this form must be signed by the Applicant or a person authorized to act on behalf of Applicant.

Submit multiple forms for more than one signature
Total of _ forms are submitted.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

MEMORY MODULE WITH DATA BUFFERING

First Named Inventor/Applicant Name:

Jefferey C. Solomon

Filer:

Jamie Jie Zheng

Attorney Docket Number:

NL023-02US02

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sullaj-s'l'l;(tsa)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 320 320
UTILITY SEARCH FEE 1111 1 700 700
UTILITY EXAMINATION FEE 1311 1 800 800
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Suz':;(t;)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1820
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Electronic Acknowledgement Receipt

EFS ID: 43524418
Application Number: 17403832
International Application Number:
Confirmation Number: 3549

Title of Invention:

MEMORY MODULE WITH DATA BUFFERING

First Named Inventor/Applicant Name:

Jefferey C. Solomon

Customer Number:

79141

Filer:

Jamie Jie Zheng

Filer Authorized By:

Attorney Docket Number:

NL023-02US02

Receipt Date: 16-AUG-2021
Filing Date:
Time Stamp: 22:38:48

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1820

RAM confirmation Number E20218FM41562067

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document s . File Size(Bytes Multi Pages
Document Description File Name ( y )V . . 9
Number Message Digest | Part/.zip| (ifappl.)
85233
1 Transmittal of New Application NL023—02U502|_/;;;pI_Transm|tt no 1
a p c3b13bdc665da0fc905393f193347516977
47c42
Warnings:
Information:
1257104
2 Application Data Sheet NL023-02US02_ADS.pdf no 10
a5852b8cddfa3ba7 1f0a192e26426af6e08b0|
Oea
Warnings:
Information:
1040145
3 NL023-02US02_Application.pdf yes 57
6d176c0124593cc14008f26c5f3878303e1d)
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 53
Claims 54 56
Abstract 57 57
Warnings:
Information:
67889
4 Oath or Declaration filed NL023-02US02_OATH.pdf no 1
ab704ad8916a80dc8102fd47b36b942e00c]
Warnings:
Information:
72716
Assignee showing of ownership per 37 | NL023-02US02_373_Statement
5 o no 2
CFR 373 p 565987dcSed1413fcde58d9f92fe447 1a4dd|
4a71
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Warnings:

Information:

151681

6 Power of Attorney General_POA_Netlist.pdf no 1

b397f182d5ebb2bffebfab96b1036487015

Warnings:

Information:

1005555

Drawings-only black and white line

. NL023-02US02_Drawings.pdf no 23
drawings

6ee751c18381663933d2a9b5bfo66ddbc7|
690a8

Warnings:

Information:

43917

8 Fee Worksheet (SB06) fee-info.pdf no 2

4e85a8d09541639b84259b23dc6b8700bc|

Warnings:

Information:

Total Files Size (in bytes):l 3724240

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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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 17/403,832
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A N/A 320
SEARCH FEE
o e ) N/A N/A N/A N/A 700
EXAMINATION FEE
TN e N/A N/A N/A N/A 800
TOTAL CLAIMS *
(37 CFR 1.16(i)) 12 minus 20= OR |x 100 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h) 1 minus 3 = x 480 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(87 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (387 CFR 1.16(j)) 0.00
* | the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1820
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
Ll Total * inus | ** =
S (37 CF(F>E1a 16(i) M OR |x
a Independent * Minus | *** =
E (37 AR 16(h) OR |«x
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Golumn 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
w Total * Minus | ** =
= (37 CF(F>E1a 16() OR |x
% Independent * Minus | *** = OR ;
w (37 CFR 1.16(h))
E: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICGE

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

Alexanoc;{n'a, Virginia 22313-1450

WWW.USpto gOv

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY DOCKET.NO ITOT CLAIMSI IND CLAIMSl
17/403,832 08/16/2021 2139 1820 NL023-02US02 12 1
CONFIRMATION NO. 3549
79141 FILING RECEIPT

5700 £ o Fal #1147 O M

Palo Alto, CA 94304
Date Mailed: 08/27/2021

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

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

Inventor(s)
Jefferey C. Solomon, Irvine, CA;
Jayesh R. Bhakta, Cerritos, CA;
Applicant(s)
Netlist, Inc., Irvine, CA;

Power of Attorney: The patent practitioners associated with Customer Number 79141

Domestic Priority data as claimed by applicant
This application is a CON of 16/695,020 11/25/2019 PAT 11093417
which is a CON of 15/857,519 12/28/2017 PAT 10489314
which is a CON of 14/715,486 05/18/2015 PAT 9858215
which is a CON of 13/971,231 08/20/2013 PAT 9037774
which is a CON of 13/287,081 11/01/2011 PAT 8516188
which is a CON of 13/032,470 02/22/2011 PAT 8081536
which is a CON of 12/955,711 11/29/2010 PAT 7916574
which is a CON of 12/629,827 12/02/2009 PAT 7881150
which is a CON of 12/408,652 03/20/2009 PAT 7636274
which is a CON of 11/335,875 01/19/2006 PAT 7532537
which claims benefit of 60/645,087 01/19/2005
and is a CIP of 11/173,175 07/01/2005 PAT 7289386
which claims benefit of 60/588,244 07/15/2004
and is a CIP of 11/075,395 03/07/2005 PAT 7286436
which claims benefit of 60/550,668 03/05/2004

page 1 of 4
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and claims benefit of 60/575,595 05/28/2004
and claims benefit of 60/590,038 07/21/2004

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: Yes

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

If Required, Foreign Filing License Granted: 08/25/2021

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/403,832

Projected Publication Date: 12/02/2021
Non-Publication Request: No

Early Publication Request: No
Title

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must

issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
page 2 of 4
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serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

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

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

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

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

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

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

NOT GRANTED

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

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

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

Alexanoc;{n'a, Virginia 22313-1450

WWW.USpto gOv

[ APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/403,832 08/16/2021 Jefferey C. Solomon NL023-020US02
CONFIRMATION NO. 3549
79141 PUBLICATION NOTICE
USCH Law, PC
3790 EI Camino Real #1147 R AR
000000130352019

Palo Alto, CA 94304

Title:MEMORY MODULE WITH DATA BUFFERING

Publication No.US-2021-0382834-A1
Publication Date:12/09/2021

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 USPTO'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
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17/403.832

Filing Date

August 16, 2021

First Named Inventor

Jefferey C. Solomon

Art Unit

2139

Examiner Name

TBD

Sheet | 1 | of | 47 Attorney Docket Number | NLO23-02US02
U.S.PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Applicant WE:%;&?:&&TE;;?: or
Initials No.! Number - Kind Code? YYYY-MM-DD of Cited Document Relevant Figures Apiear
1. 4,218,740 1980-08-19 | MOTOROLA INC
2. 4,249,253 1981-02-03 | Gentili et al.
3. 4,368,515 1983-01-11 | Nielsen
4. 4,392,212 1983-07-05 | Miyasaka et al.
5. 4,571,676 1986-02-18 | Mantellina et al.
6. 4,592,011 1986-05-27 | Mantellina et al.
7. 4,633,429 1986-12-30 | Lewandowski et al.
8. 4,670,748 1987-06-02 | Williams
9. Mitsubishi Denki
4,706,214 1987-11-10 | Kabushiki Kaisha
10. 4,739,473 1988-04-19 | Ng
11. 4,866,603 1989-09-02 | Chiba
12. 4,958,322 1990-09-18 | Kosugi et al.
13. 4,961,172 1990-10-02 | Shubat et al.
14. 4,961,204 1990-10-02 | Hitachi Ltd
15. 4,980,850 1990-12-25 | Morgan
16. 5,060,188 1991-10-22 | Zulian et al.
17. 5,247,643 1993-09-21 | Shottan
18. 5,272,664 1993-12-21 | Silicon Graphics Inc
1. 5,313,624 1994-05-17 | Harriman
20. 5,345,412 1994-09-06 | Shiratsuchi
21. 5,357,478 1994-10-18 | Kikuda et al
22. 5,388,072 1995-02-07 | IBM
23. 5,388,240 1995-02-01 | IBM Corporation
24. 5,392,252 1995-02-21 | Visi Technology Inc
25. 5,426,753 1995-06-20 | Moon
26. 5,463,590 1995-10-31 | Watanabe
27. 5,483,497 1996-01-09 | Mochizuki et al.
28. 5,485,589 1996-01-16 | Dell Usa Lp
29. 5,495,435 1996-02-27 | Sugahara
30. 5,513,135 1996-04-30 | Dell et al.
Examiner Date
Signature Considered
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3L 5,532,954 1996-07-02 | Bechtolsheim et al.
32. 5,537,584 1996-07-16 | Miyai et al.

33. 5,541,448 1996-07-30 | Carpenter

34. 5,559,970 1996-09-24 | Sharma

35. 5,572,691 1996-11-05 | Koudmani

36. 5,581,498 1996-12-03 | Ludwig et al.

37. 5,590,071 1996-12-31 | Kolor et al.

38. 5,602,999 1997-02-11 | Hyatt; Gilbert P.

39. 5,617,559 1997-04-01 | Le et al.

40. 5,630,096 1997-05-13 | Zuravleff

41. Samsung Electronics Co

5,638,534 1997-06-10 | Ltd

42. 5,649,159 1997-07-15 | Le et al.

43. 5,655,153 1997-08-05 | EMC CORP

44. 5,699,542 1997-12-16 | Mehta et al.

45. 5,702,984 1997-12-30 | Bertin et al.

46. 5,703,826 1997-12-30 | Hush et al.

47. 5,717,851 1998-02-10 | Yishay et al.

48. 5,724,604 1998-03-03 | Moyer

49. 5,729,716 1998-05-17 | Lee et al.

50. 5,745,914 1998-04-28 | Connolly et al.

51 5,764,590 1998-06-09 | Mitsubishi Electric Corp

52. 5,784,705 | 1998-07-21 | Leung, Wingyu

53. 5,802,395 1998-09-01 | Connolly et al.

54. 5,802,541 1998-09-01 | Reed

55. 5,805,520 1998-09-08 | Anglada et al.

56. 5,822,251 1998-10-13 | Bruce et al.

57. 5,905,401 1999-05-18 | Sher

58. 5,909,388 1999-06-01 | Siemens Ag

59. 5,926,827 1999-07-20 | Dell et al.

60. 5,926,839 1999-07-20 | IBM

61. 5,953,215 1999-09-14 | Karabatsos, Chris

62. 5,953,280 1999-09-14 | Matsui

63. 5,958,025 1999-09-28 | Nippon Electric Co
Examiner Date
Signature Considered
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64. 5,959,930 1999-09-28 | Sakurai
65. 5,963,464 1999-10-05 | Dell et al.
66. 5,966,736 1999-10-12 | Gittinger et al.
67. 5,973,392 1999-10-26 | Senba et al.
68. 5,974,493 1999-10-26 | Mitsubishi Electric Corp
69. 6,011,710 2000-01-04 | Wiggers
70. 6,018,787 2000-01-25 | Ip
71. 6,044,032 2000-03-28 | Li
72. 6,061,754 2000-05-09 | Cepulis
73. 6,070,217 2000-05-30 | Connolly et al.
74. 6,070,227 2000-05-30 | Rokicki
75. 6,097,652 2000-08-01 | Roh
76. 6,108,745 2000-08-22 | Gupta et al.
77. 6,115,278 2000-09-05 | Deneroff et al.
78. 6,134,638 2000-10-17 | Olarig et al.
79. 6,141,245 2000-10-31 | Bertin
80. 6,151,271 2000-11-21 | Lee
1. 6,154,418 2000-11-28 | Li
82. 6,154,419 2000-11-28 | Shakkarwar
83. 6,173,357 2011-01-09 | Ju
84. 6,185,654 2001-02-06 | Van Doren
85. 6,188,641 2001-02-13 | Uchida
86. 6,205,516 2001-03-20 | Usami
87. 6,209,074 2001-03-27 | Dell et al.
88. 6,223,650 2001-05-15 | Johnson
89. 6,226,709 2001-05-01 | Goodwin et al.
90. 6,226,736 2001-05-01 | Niot
9L 6,233,650 2001-05-15 | Johnson et al.
92. 6,247,088 2001-06-12 | Seo et al.
93. 6,260,127 2001-07-10 | Olarig et al.
94. 6,262,938 2001-07-17 | Lee
95. 6,317,352 2001-11-13 | Halbert et al.
96. 6,349,051 2002-02-19 | Micron Technology Inc
97. 6,381,140 2002-04-30 | Liao, Sheng-Chi
Examiner Date
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9a. 6,400,637 2002-06-04 | Akamatsu et al.
99. 6,408,356 2002-06-18 | Dell
100. 6,414,868 2002-07-02 | Wong et al.

101. 6,415,374 2002-07-02 | Faue et al.
102. 6,438,062 2002-08-20 | Karabatsos
103. 6,438,062 2002-08-20 | Curtis
104. 6,446,158 2002-09-03 | Karabatsos
10s. 6,446,184 2002-09-03 | Dell et al.
106. 6,453,381 2002-09-17 | Yuan et al.
107. 6,470,417 2002-10-22 | Kolor et al.
108. 6,480,439 2002-11-12 | Tokutome et al.
109. 6,487,102 2002-11-26 | Halbert et al.
110. 6,502,161 2002-12-31 | Perego et al.
111. 6,518,794 2003-02-11 | Coteus et al.
112. 6,526,473 2003-02-25 | Kim
113. 6,530,007 2003-03-04 | Olarig et al.
114. 6,530,033 2003-03-04 | Raynham et al.
115. 6,546,476 2003-04-08 | Gillingham
116. 6,553,449 2003-04-22 | Dodd et al.
117. 6,553,450 2003-04-22 | Dodd et al.
118. 6,618,320 2003-09-09 | Hasegawa et al.
119. 6,618,791 2003-09-09 | Dodd et al.
120. 6,621,496 2003-09-16 | Ryan
121. 6,625,081 2003-09-23 | Roohparvar et al.
122. 6,625,687 2003-09-23 | Halbert et al.
123. 6,636,446 2003-10-21 | Lee
124. 6,636,935 2003-10-21 | Ware et al.
125. 6,646,949 2003-11-11 | Ellis et al.
126. 6,658,509 2003-12-02 | Bonella et al.
127. 6,674,684 2004-01-06 | Shen
128. 6,681,301 2004-01-20 | Mehta et al.
129. 6,683,372 2004-01-27 | Wong et al.
130. 6,697,888 2004-02-24 | Halbert et al.
131 6,704,910 2004-03-09 | Hong
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132. 6,705,877 2004-03-16 | Li et al.
133. 6,717,855 2004-04-06 | Underwood
134. 6,717,885 2004-04-06 | Lai
135. 6,721,843 2004-04-13 | Lexar Media Inc
136. 6,721,860 2004-04-13 | Klein
137. 6,738,880 2004-05-18 | Lai et al.
138. 6,742,098 2004-05-25 | Halbert et al.
139. 6,747,887 2004-06-08 | Halbert et al.
140. 6,754,797 2004-06-22 | Wu et al.
141. 6,785,189 2004-08-31 | Jacobs et al.
142. 6,788,592 2004-09-07 | Nakata et al.
143. 6,807,125 2004-10-19 | Coteus et al.
144. 6,807,650 2004-10-19 | Lamb et al.
145. 6,813,196 2004-11-02 | Park et al.
146. 6,832,284 2004-12-14 | Perego et al.
147. 6,832,303 2004-12-14 | Tanaka
148. 6,834,014 2004-12-21 | Yoo et al.
149. 6,854,042 2005-02-08 | Karabatsos
150. 6,880,094 2005-04-12 | LaBerge
151. 6,889,304 2005-05-03 | Perego et al.
152. 6,912,615 2005-06-28 | Nicolai
153. 6,912,628 2005-06-28 | Wicki et al.
154. 6,925,028 2005-08-02 | Hosokawa et al.
155. 6,944,694 2005-09-13 | Pax
156. 6,948,084 2005-09-20 | Manapat et al
157. 6,950,366 2005-09-27 | Lapidus et al.
158. 6,954,281 2005-10-11 | Fukuda et al
159. 6,961,281 2005-11-01 | Wong et al.
160. 6,981,089 2005-12-27 | Dodd et al.
161. 6,982,892 2006-01-03 | Lee et al.
162. 6,982,893 2006-01-03 | Jakobs
163. 6,990,043 2006-01-24 | Kuroda et al.
164. 6,996,686 2006-02-07 | Doblar et al.
165. 7,007,130 2006-02-28 | Holman
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166. 7,007,175 2006-02-28 | Chang et al.
167. 7,024,518 2006-04-04 | Halbert et al.
168. 7,046,538 2006-05-16 | Kinsley et al.
169. 7,047,361 2006-05-16 | Phison Electronics Corp
170. 7,054,179 2006-05-30 | Cogdill et al.
171. 7,065,626 2006-06-20 | Schumacher et al.
172. 7,072,231 2006-07-04 | Pax
173. 7,073,041 2006-07-04 | Dwyer et al.
174. 7,078,793 2006-07-18 | Ruckerbauer et al.
17s. 7,093,066 2006-08-15 | Klein
176. 7,120,727 2006-10-10 | Lee et al.
177. 7,124,260 2006-10-17 | LaBerge et al.
178. 7,127,584 2006-10-24 | Thompson et al.
179. 7,130,308 2006-10-31 | Haddock et al.
180. 7,130,952 2006-10-31 | Nanki et al.
181. 7,133,960 2006-11-07 | Thompson et al.
182. 7,133,972 2006-11-07 | Jeddeloh
183. 7,142,461 2006-11-28 | Janzen
184. 7,149,841 2006-12-12 | LaBerge
185. 7,167,967 2007-01-23 | Bungo et al.
186. 7,181,591 2007-02-20 | Tsai
187. 7,191,302 2007-03-13 | Usami
188. 7,200,021 2007-04-03 | Raghuram
189. 7,225,303 2007-05-29 | Choi
190. 7,227,910 2007-06-05 | Lipka
191 7,254,036 2007-08-07 | Pauley et al.
192. 7,266,639 2007-09-04 | Raghuram
193. 7,272,709 2007-09-18 | Zitlaw et al.
194. 7,281,079 2007-10-09 | Bains et al.
195. 7,286,436 2007-10-23 | Bhakta et al.
196. 7,289,386 2007-10-30 | Bhakta et al.
197. 7,334,150 | 2008-02-19 | Ruckerbauer et al.
198. 7,346,750 2008-03-18 | Ishikawa
199. 7,356,639 2008-04-08 | Perego et al.
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200. 7,370,238 2008-05-06 | Billick et al.
201. 7,379,361 2008-05-27 | Co et al.
202. 7,437,591 2008-10-14 | Wong
203. 7,461,182 2008-12-02 | Fukushima et al.
204. 7,464,225 2008-12-09 | Tsern
205. 7,471,538 2008-12-30 | Hofstra
206. 7,532,537 2009-05-12 | Solomon et al.
207. 7,619,912 2009-11-17 | Bhakta et al.
208. 7,636,274 2009-12-22 | Solomon et al.
209. 7,864,627 2011-01-04 | Bhakta et al.
210. 7,865,674 2011-01-04 | Gower et al.
211. 7,881,150 2011-02-01 | Solomon et al.
212. 7,916,574 2011-03-29 | Solomon et al.
213. 8,001,434 2011-08-16 | Lee et al.
214. 8,089,795 2012-01-03 | Rajan
215. 8,130,560 2012-03-06 | Rajan
216. 8,189,328 2012-05-29 | Kanapathippillai
217. 8,233,303 2012-07-31 | Best
218. 8,250,295 2012-08-21 | Amidi et al.
219. 8,417,870 2013-04-09 | Lee et al.
220. 8,516,185 2013-08-20 | Lee et al.
221 8,516,188 2013-08-20 | Solomon et al.
222. 8,756,364 2014-06-17 | Bhakta et al.
223. 8,856,464 2014-10-07 | Karamcheti
224. 9,606,907 2017-03-28 | Lee et al.
225. 20010003198 2001-06-07 | Wu
226. 20010008006 2001-07-12 | Klein
227. 20010050857 2001-12-13 | Keeth et al.
228. 20010052057 2001-12-13 | Lai
229. 20020048195 2002-04-01 | Klein, Dean A.
230. 20020088633 2002-07-11 | Kong et al.
231. 20020112119 2002-08-15 | Halbert et al.
232. 20030063514 2003-04-03 | Faue
233. 20030070052 2003-04-01 | Lai, Jiin
Examiner Date
Signature Considered
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234. 20030090359 2003-05-15 | Ok

235. 20030090879 2003-05-15 | Doblar et al.

236. 20030191995 2003-10-09 | Abrosimov et al.

237. 20030210575 2003-11-13 | Seo et al.

238. 20040000708 2004-01-01 | Rapport et al.

239. 20040037158 2004-02-26 | Coteus et al.

240. 20040098528 2004-05-01 | Janzen, Jefferey W.

241. 20040201968 2004-10-14 | Tafolla

242. 20050010737 2005-01-13 | Ware et al.

243. 20050036378 2005-02-17 | Kawaguchi et al.

244, 20050154820 2005-07-14 | Briggs et al.

245. 20050257109 2005-11-17 | Averbuj

246. 20050281096 2005-12-22 | Bhakta et al.

247. 20060044860 2006-03-02 | Kinsley et al.

248. 20060117152 2006-06-01 | Amidi et al.

249. 20060126369 2006-06-15 | Raghuram

250. 20060129755 2006-06-15 | Raghuram

251. 20060179206 2006-08-10 | Brittain et al.

252. 20060233012 2006-10-19 | Tomonori et al.

253. 20060248969 2006-11-09 | Seo et al.

254. 20060259711 2006-11-16 | Oh

255. 20060262586 2006-11-23 | Solomon, et al

256. 20060267172 2006-11-30 | Nguyen et al.

257. 20060277355 2006-12-07 | Ellsberry et al.

258. 20070058409 2007-03-15 | Ruckerbauer

259. 20070070669 2007-03-29 | Tsern

260. 20070293094 2007-12-20 | Aekins, Robert A.

261. 20080025137 2008-01-31 | Natarajan et al.

262. 20080046631 2008-02-21 | Takaku et al.

263. 20080104352 2008-05-01 | Talbot

264. 20080162790 2008-07-03 | Im, Jeon-Taek

265. 20090103387 2009-04-23 | Shau, Jeng-lye

266. 20100070690 2010-03-18 | Amer et al.

267. 20100091540 2010-04-15 | Bhakta et al.
Examiner Date
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268. 20100128507 2010-05-27 | Solomon et al.
269. 20110016250 2011-01-20 | Lee et al.
270. 20110016269 2011-01-20 | Lee et al.
271. 20110090749 2011-04-21 | Bhakta et al.
272. 20110125966 2011-05-26 | Amidi et al.
273. | RE36229 1999-06-15 | Cady
FOREIGN PATENT DOCUMENTS
xaminer | Cite [-C0L e Nambert | PibitionDue | BN EES | Wher Relevan Pasas | T
) - Kind Code?(if known) Document or Relevant Figures Appear
274. | EP 1816 570 A2 2007-08-08 | Rambus, Inc.
275. Matsushita Electric
JP 10320270 A 1998-12-04 | Ind Co Ltd
276. | JP 2000-285674 2000-10-13 | Fujitsu Ltd.
277. | JP 2000311485 A 2000-10-13 | Fujitsu Ltd.
278. | JP 2002-184176 2002-06-28 | NEC Tohoku Ltd.
279. | JP 2003-007963 2003-01-10 | Hitachi Ltd.
280. | JP 2008-046989 2008-02-28 | Fujitsu Ltd
281. | JP 2009-237492 1997-09-09 | Toshiba Corp.
282. Matsushita Electric
JP 2010-320270 A 1998-12-04 | Inc. Co.
283. | JPH 10092169 A 1997-09-09 | Toshiba Corp.
284. Du Pont Pixel
WO 1992/002879 1992-02-20 | Systems
285. | WO 1994/007242 1994-03-31 | Atmel Corporation
286. | WO 1995/034030 1995-12-14 | Intel Corporation
287. | WO 1999/000734 1999-01-07 | Hitachi, Ltd.
288. Honeywell
WO 2002/058069 2002-07-25 | International, Inc.
289. Centillium
Communications,
WO 2002/063804 2002-08-15 | Inc.
290. Micron Technology,
WO 2003/017283 2003-02-27 | Inc.
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291. Micron Technology,
WO 2003/069484 2003-08-21 | Inc.
292. | WO 2006/055497 2006-05-26 | Intel Corporation
293. | WO 1999/030240 1999-06-17 | Intel Corporation
NON PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
Initials No. journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or country where published
294. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
1044, 'Deposition Transcript of R. Jacob Baker (Jan. 26, 2019),' filed February 11,
2019
295. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1045, 'Deposition Transcript of R. Jacob Baker (Jan. 12, 2018) in
IPR2017-00577 concerning the parent to the '907 Patent,' filed February 11, 2019
296. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1047, 'Certified translation of the Examination Decision issued by the
State Intellectual Property Office of the P.R.C. (dated 5/30/18),' filed February 11,
2019
297. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Petitioners'
Reply to Patent Owner's Response, filed February 11, 2019
298. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1043, 'Chart comparing text in Dr. Baker's declaration [Ex. 2002] with
identical text in Patent Owner's Response [Paper No. 14],' filed February 11, 2019
299. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1046, 'Final Office Action concerning U.S. Patent Application No.
15/470,856 (dated 7/27/18)," filed February 11, 2019
300. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1048, 'Certified translation of the Preliminary Opinion issued by the
German Patent and Trademark Office (dated 1/8/19),' filed February 11, 2019
301. [ Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Request for Oral Argument, filed February 19, 2019
302. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Objections To Reply Evidence, filed February 19, 2019
303. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Request For Oral Argument, filed February 19, 2019
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304.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Motion To Exclude, filed February 19, 2019

305.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Corrected
Petitioners' Reply to Patent Owner's Response, filed February 20, 2019

306.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 5, 2019

307.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Sur-Reply To Petitioner's Corrected Reply, filed March 8, 2019

308.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March 12,
2019

309.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 3002, 'Patent Owner's Request for Sur Reply,' filed March 1, 2019

310.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Order -
Trial Hearing, filed March 22, 2019

311.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1043, 'Deposition Transcript of R. Jacob Baker (Feb. 9, 2019),' filed
February 22, 2019

312.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1044, 'Declaration of R. Jacob Baker in IPR2017-00577 concerning the
parent to the '907 Patent (Oct. 25, 2017),' filed February 22, 2019

313.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1045, 'Deposition Transcript of R. Jacob Baker in IPR2017-00577
concerning the parent to the '907 Patent (Jan. 12, 2018),' filed February 22, 2019

314.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1046, 'Final Written Decision in IPR2017-00577 invalidating all
challenged claims to the parent to the '907 Patent (July 5, 2018),' filed February 22,
2019

315.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1048, 'U.S. Patent No. 7,133,960, filed February 22, 2019

316.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petitioners'
Reply to Patent Owner's Response, filed February 22, 2019

317.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Objections To Reply Evidence, filed March 1, 2019

318.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petitioners'
Request for Oral Argument, filed March 4, 2019
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319. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Request For Oral Argument, filed March 4, 2019

320. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Motion To Exclude, filed March 4, 2019

321. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 11, 2019

322. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Sur-Reply To Petitioner's Reply, filed March 15, 2019

323. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March18,
2019

324. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Order,

Trial Hearing, filed March 22, 2019

325. | Inter Partes Review Case No. IPR2014-00882, Exhibit 1007 to Petition for Inter Partes
Review, “Declaration of Dr. Srinivasan Jagannathan,” filed on June 22, 2014.

326. | Petition for Inter Partes Review filed on 6/22/2014 for U.S. Patent No. 7,881,150, Case
No. IPR2014-00882 and Case No. IPR2014-01011, and all associated documents
including cited references and expert declarations, available at
https://ptabtrials.uspto.gov

327. | Inter Partes Review Case No. IPR2014-00882, Corrected Petition for Inter Partes
Review of U.S. Patent No. 7,881,150, filed on July 8, 2014.

328. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-00882, Patent
Owner’s Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed October 7, 2014

329. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-00882, Decision
— Institution of Inter Partes Review 37 C.F R. § 42.108, issued December 16, 2014

330. | Inter Partes Review Case No. [IPR2014-00882, Patent Owner Response, filed May 8,
2015

331. | Inter Partes Review Case No. IPR2014-00882, Exhibit 2002, 'Declaration of Professor
Carl Sechen,' filed May 8, 2015

332. | Inter Partes Review Case No. [IPR2014-00882, Exhibit 2003, 'Transcript of Videotaped
Deposition of Srinivasan Jagannathan, Ph. D,' filed May 8, 2015

333. | Inter Partes Review Case No. [IPR2014-00882, Petitioner Diablo Technologies, Inc.'s
Reply to Patent Owner Netlist, Inc.'s Response, filed June 19, 2015

334. | Inter Partes Review Case No. IPR2014-00882, Exhibit 1022, 'Professor Carl Sechen
Deposition Transcript,' filed June 19, 2015
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335.

Inter Partes Review Case No. IPR2014-00882, Exhibit 1023, 'Dr. Srinivasan
Jagannathan Supplemental Declaration,' filed June 19, 2015

336. | Inter Partes Review Case No. IPR2014-00882, Petitioner's Request for Oral Argument,
filed July 1, 2015

337. | Inter Partes Review Case No. IPR2014-00882, Patent Owner's Request for Oral
Argument, filed July 3, 2015

338. | Inter Partes Review Case No. [IPR2014-00882, Order - Request for Oral Argument - 37
C.F.R. 42.70, filed July 10, 2015

339. | Inter Partes Review Case No. [IPR2014-00882, Record of Oral Hearing, filed
November 16, 2015

340. | Inter Partes Review Case No. IPR2014-00882, Final Written Decision 35 USC 318 and
37 CFR 42.73, filed December 14, 2015

341. | Inter Partes Review Case No. IPR2014-00882, Netlist Inc.'s Notice of Appeal, filed
February 10, 2016

342. | Inter Partes Review Case No. IPR2014-00883, Exhibit 1011 to Petition for Inter Partes
Review, “Declaration of Dr. Srinivasan Jagannathan,” filed on June 21, 2014.

343. | Petition for Inter Partes Review filed on 6/24/2014 for U.S. Patent No. 8,081,536, Case
No. IPR2014-00883, and all associated documents including cited references and
expert declarations, available at https://ptabtrials.uspto.gov

344. | Inter Partes Review Case No. IPR2014-00883, Corrected Petition for Inter Partes
Review of U.S. Patent No. 8,081,536, filed on July 8, 2014.

345. | Inter Partes Review of U.S. Patent No. 8,081,536, Case No. IPR2014-00883, Patent
Owner’s Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed October 7, 2014

346. | Inter Partes Review of U.S. Patent No. 8,081,536, Case No. IPR2014-00883, Decision
— Institution of Inter Partes Review 37 C.F.R. § 42.108, issued December 16, 2014

347. | Inter Partes Review Case No. [IPR2014-00883, Patent Owner Response, filed May 8,
2015

348. | Inter Partes Review Case No. IPR2014-00883, Petitioner Diablo Technologies, Inc.'s
Reply to Patent Owner Netlist, Inc.'s Response, filed June 19, 2015

349. | Inter Partes Review Case No. IPR2014-00883, Exhibit 1025, "Professor Carl Sechen
Deposition Transcript,' filed June 19, 2015

350. | Inter Partes Review Case No. IPR2014-00883, Exhibit 1026, 'Dr. Srinivasan
Jagannathan Supplemental Declaration,' filed June 19, 2015

351. | Inter Partes Review Case No. IPR2014-00883, Petitioner's Request for Oral Argument,

filed July 1, 2015
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352. | Inter Partes Review Case No. IPR2014-00883, Patent Owner's Request for Oral

Hearing, filed July 3, 2015

353. | Inter Partes Review Case No. [IPR2014-00883, Order - Request for Oral Argument - 37
C.F.R. 42.70, filed July 10, 2015

354. | Inter Partes Review Case No. IPR2014-00883, Record of Oral Hearing, filed
November 16, 2015

355. | Inter Partes Review Case No. IPR2014-00883, Final Written Decision - 35 USC 318
and 37 CFR 42.73, filed December 14, 2015

356. | Inter Partes Review Case No. IPR2014-00883, Netlist Inc.'s Notice of Appeal, filed
February 10, 2016

357. | Inter Partes Review Case No. IPR2014-01011, Exhibit 1007 to Petition for Inter Partes
Review, “Declaration of Dr. Srinivasan Jagannathan.” filed on June 22, 2014.

358. | Inter Partes Review Case No. IPR2014-01011, Corrected Petition for Inter Partes
Review of U.S. Patent No. 7,881,150, filed on July 8, 2014.

359. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Patent
Owner’s Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed October 7, 2014

360. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Decision
— Institution of Inter Partes Review 37 C.F.R. § 42.108, issued December 16, 2014

361. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3001 to Decision — Institution of Inter Partes Review, Excerpts from IEEE Dictionary,
issued December 16, 2014

362. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3002 to Decision — Institution of Inter Partes Review, Excerpts from IEEE Dictionary,
issued December 16, 2014

363. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3003 to Decision — Institution of Inter Partes Review, Excerpts from Oxford English
Dictionary, issued December 16, 2014

364. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3004 to Decision — Institution of Inter Partes Review, Excerpts from Oxford English
Dictionary, issued December 16, 2014

365. | Inter Partes Review Case No. [IPR2014-01011, Patent Owner Response, filed May 8,
2015

366. | Inter Partes Review Case No. [IPR2014-01011, Petitioner Diablo Technologies, Inc.'s
Reply to Patent Owner Netlist, Inc.'s Response, filed June 19, 2015

367. | Inter Partes Review Case No. IPR2014-01011, Exhibit 1027, 'Professor Carl Sechen

Deposition Transcript,' filed June 19, 2015
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368. | Inter Partes Review Case No. IPR2014-01011, Exhibit 1028, 'Dr. Srinivasan
Jagannathan Supplemental Declaration,' filed June 19, 2015

369. | Inter Partes Review Case No. IPR2014-01011, Petitioner's Request for Oral Argument,
filed July 1, 2015

370. | Inter Partes Review Case No. IPR2014-01011, Patent Owner's Request for Oral
Hearing, filed July 3, 2015

371. | Inter Partes Review Case No. [IPR2014-01011, Order - Request for Oral Argument - 37
CFR. 42.70, filed July 10, 2015

372. | Inter Partes Review Case No. [IPR2014-01011, Record of Oral Hearing, filed
November 16, 2015

373. | Inter Partes Review Case No. IPR2014-01011, Final Written Decision - 35 USC 318
and 37 CFR 42.73, filed December 14, 2015

374. | Inter Partes Review Case No. IPR2014-01011, Netlist Inc.'s Notice of Appeal, filed
February 10, 2016

375. | Inter Partes Review Case No. IPR2014-01020, Exhibit 1002 to Petition for Inter Partes
Review, "Declaration of Dr. Srinivasan Jagannathan," filed on April 7, 2015.

376. | Inter Partes Review Case No. IPR2014-01020, Exhibit 1023 to Petition for Inter Partes
Review, curriculum vitae of Dr. Srinivasan Jagannathan, filed on April 7, 2015.

377. | Inter Partes Review Case No. IPR2014-01020, Exhibit 1025 to Petition for Inter Partes
Review, "operational," The Pocket Oxford American Dictionary of Current English,
Oxford University Press, 2002, filed on April 7, 2015,

378. | Inter Partes Review Case No. IPR2014-01020, Decision to Institute Inter Partes
Review of D U.S. Patent No. 7,881,150, dated October 8, 2015.

379. | Inter Partes Review Case No. IPR2014-01021, Exhibit 1026 to Petition for Inter Partes
Review, curriculum vitae of Dr. Srinivasan Jagannathan, filed on April 7, 2015.

380. | Inter Partes Review Case No. IPR2014-01021, Corrected Exhibit 1002 to Petition for
Inter Partes Review, "Declaration of Dr. Srinivasan Jagannathan," filed on April 22,
2015.

381. | Inter Partes Review Case No. IPR2014-01021, Decision to Institute Inter Partes
Review of U.S. Patent No. 8,081,536, dated October 8, 2015

382. | Petition for Inter Partes Review filed on 6/24/2014 for U.S. Patent No. 8,516,185, Case
No. IPR2014-01029, and all associated documents including cited references and
expert declarations, available at https://ptabtrials.uspto.gov

383. | Inter Partes Review Case No. IPR2014-01029, Petition for Inter Partes Review of U.S.
Patent No. 8,516,185, filed on June 24, 2014.
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384.

Inter Partes Review Case No. IPR2014-01029, Exhibit 1008 to Petition for Inter Partes
Review, “Declaration of Charles J. Neuhauser, Ph.D. under 37 CF.R. § 1.68,” filed on
June 24, 2014.

385.

Inter Partes Review Case No. [IPR2014-01029, Supplemental Petition for Inter Partes
Review of U.S. Patent No. 8,516,185, filed on July 23, 2014.

386.

Inter Partes Review Case No. IPR2014-01029, Patent Owner’s Preliminary Response
pursuant to 37 C.F.R. § 42.107, filed on October 17, 2014.

387.

Inter Partes Review Case No. IPR2014-01029, Decision Denying Institution of Inter
Partes Review 37 CF R. § 42.108, issued December 16, 2014,

388.

Inter Partes Review Case No. IPR2014-01029, Petitioner’s Request for Rehearing
pursuant to 37 C.F.R. § 42.71, filed on January 15, 2015.

389.

Inter Partes Review Case No. [IPR2014-01029, Decision Denying Request for
Rehearing, Issued on March 3, 2015.

390.

Inter Partes Review Case No. IPR2014-01369, Decision Denying Institution of Inter
Partes Review 37 CF R. § 42.108, issued March 9, 2014,

391.

Inter Partes Review Case No. IPR2014-01369, Corrected Petition for Inter Partes
Review of Claims 1-19 of U.S. Patent No. 8,516,185, filed on September 22, 2014.

392.

Inter Partes Review Case No. IPR2014-01369, Exhibit 1008 to Corrected Petition for
Inter Partes Review, “Declaration of Dr. Nader Bagherzadeh under 37 CFR. § 1.68,”
filed on September 22, 2014.

393.

Inter Partes Review Case No. IPR2014-01369, Exhibit 1013 to Corrected Petition for
Inter Partes Review, “Webster’s IT New College Dictionary,” filed on September 22,
2014.

394.

Inter Partes Review Case No. IPR2014-01369, Exhibit 1014 to Corrected Petition for
Inter Partes Review, “Standard Dictionary of Electrical and Electronics Terms,” IEEE
1988, filed on September 22, 2014.

395.

Inter Partes Review Case No. IPR2015-0 021, Petition for Inter Partes Review of U.S.
Patent No. 8,081,536, filed on April 7, 2015

396.

Inter Partes Review Case No. IPR2015-01020, Petition for Inter Partes Review of U.S.
Patent No. 7,881,150, filed on April 7, 2015.

397.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Related
Matters, filed April 28, 2015

398.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner Response to Petition, filed February 22, 2016

399.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
2001, “Declaration of Professor Carl Sechen,” filed February 22, 2016
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400.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
2002, “Videotaped Deposition of Srinivasan Jagannathan, Ph.D on February 12, 2016,”
filed February 22, 2016

401.

Inter Partes Review of U.S. Patent No. 7881150, Case No. [PR2015-01020, Exhibit
2003, “Videotaped Deposition of Srinivasan Jagannathan, Ph.D on April 20, 2015,”
filed February 22, 2016

402.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Objections to Evidence, filed February 29, 2016

403.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Reply, filed May 19, 2016

404.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020,
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016

405.

Inter Partes Review of U.S. Patent No. 7881150, Case No. [IPR2015-01020, May 10,
2016 Deposition of Carl Sechen, filed May 19, 2016

406.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner
Request for Oral Argument, filed June 2, 2016

407.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, PATENT
OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016

408.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, PATENT
OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016

409.

Inter Partes Review of U.S. Patent No. 7881150, Case No. [IPR2015-01020, Exhibit
2007, “Deposition of Dr. Srinivasan Jagannathan on May 25, 2016,” filed June 2, 2016

410.

Inter Partes Review of U.S. Patent No. 7881150, Case No. [PR2015-01020, ORDER
Trial Hearing, filed June 8, 2016

411.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner's SUBMISSION ON PROPRIETY OF PETITIONER REPLY, filed June 9,
2016

412.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Response to Motion for Observations, filed June 10, 2016

413.

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Response to Netlist's Submission, filed June 13, 2016

414,

Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner's Objections to Petitioner's Demonstrative Exhibits, filed June 23, 2016

415.

Inter Partes Review of U.S. Patent No. 7881150, Case No. [IPR2015-01020, Patent
Owner's Demonstrative Exhibits, filed June 24, 2016
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416. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Updated Exhibit List, filed June 24, 2016

417. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Demonstrative Exhibits, filed June 24, 2016

418. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Record of
Oral Hearing, dated July 26, 2016

419. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Final
Written Decision, issued September 28, 2016

420. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3001 to Final Decision, issued September 28, 2016

421. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3001-2 to Final Decision, issued September 28, 2016

422. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3002 to Final Decision, issued September 28, 2016

423. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3003 to Final Decision, issued September 28, 2016

424. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3004 to Final Decision, issued September 28, 2016

425. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner Response to Petition, filed February 22, 2016

426. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Exhibit
2001, “Declaration of Professor Carl Sechen,” filed February 22,2016

427. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Objections to Evidence, filed February 29, 2016

428. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Reply, filed May 19, 2016

429. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021,
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016

430. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner
Request for Oral Argument, filed June 2, 2016

431. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, PATENT
OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016

432. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, PATENT
OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016
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433,

Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner's SUBMISSION ON PROPRIETY OF PETITIONER REPLY, filed June 9,
2016

434. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Response to Motion for Observations, filed June 10, 2016

435. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Response to Patent Owner's Submission, filed June 13, 2016

436. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner's Objections to Petitioner's Demonstrative Exhibits, filed June 23, 2016

437. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner's Demonstrative Exhibits, filed June 24, 2016

438. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Updated Exhibit List, filed June 24, 2016

439. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Final
Decision, issued September 28, 2016

440. | Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, Petition for
Inter Partes Review, filed December 30, 2016

441. | Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, Exhibit
1003, “Declaration of Harold S. Stone,” filed December 30, 2016

442. | Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, Exhibit
1008, Declaration of John J. Kelly Regarding Records of Joint Electron Device
Engineering Council (JEDEC), filed December 30, 2016

443. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549,
DECISION Institution of Inter Partes Review, filed May 15, 2017.

444. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549, Exhibit
2001 (DECLARATION OF PROFESSOR CARL SECHEN), filed September 15,
2017.

445. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549, Patent
Owner's Response, filed September 15, 2017.

446. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549,
PETITIONERS’ OBJECTIONS TO EVIDENCE, filed September 15, 2017.

447. | Inter Partes Review of US Patent No.8756364, Case No. [PR2017-00549, Deposition
Transcript of Carl Sechen, filed December 15, 2017.

448. | Inter Partes Review of US Patent N0.8756364, Case No. IPR2017-00549, Petitioner’s

reply to Patent Owner’s Response, filed December 15, 2017.
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449. | Inter Partes Review of US Patent N0.8756364, Case No. IPR2017-00549,

Supplemental Declaration of Harold S. Stone, filed December 15, 2017.

450. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Xilinx
Xilinx CS280 package datasheet (1999), filed December 15, 2017.

451. | Inter Partes Review of US Patent N0.8756364, Case No. [IPR2017-00549, EXHIBIT
2004, filed January 9, 2017.

452. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner’s Motion for Observations, filed January 9, 2017.

453. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioner’s
Motion to Exclude Certain Inadmissible Testimony of Patent Owner’s Expert Carl
Sechen, filed January 9, 2017.

454. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBIT
2003, 'Synchronous DRAM Architectures, Organization, and Alternative
Technologies,' filed January 18, 2017.

455. | Inter Partes Review of US Patent No0.8756364, Case No. IPR2017-00549, Petitioner’s
Response to Patent Owners Motion for Observations, filed January 23, 2018.

456. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner’s Opposition to Petitioner’s Motion to Exclude, filed January 23, 2018.

457. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioner’s
Reply in Support of Motion to Exclude Certain Inadmissible Testimony of Patent
Owner’s Expert Carl Sechen, filed January 30, 2018.

458. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioner's
Demonstratives, filed February 9, 2018.

459. | Inter Partes Review of US Patent No.8756364, Case No. [IPR2017-00549, EXHIBIT
2005, filed February 9, 2018.

460. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner’s Updated Exhibit List, filed February 9, 2018.

461. | Inter Partes Review of US Patent N0.8756364, Case No. IPR2017-00549, Petitioner’s
Updated Exhibit List, filed February 9, 2018.

462. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Final
Written Decision, filed February 14, 2018.

463. | Inter Partes Review of US Patent No.8756364, Case No. [PR2017-00549, Hearing
Transcript, filed February 14, 2018.

464. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent

Owner's Supplemental Mandatory Notices, filed April 19, 2018.
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465.

Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, Petition for
Inter Partes Review, filed January 5, 2017

466.

Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, Exhibit
1003, “Declaration of Harold S. Stone,” filed January 5, 2017

467.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577,
DECISION Institution of Inter Partes Review, filed July 7, 2017.

468.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577,
SCHEDULING ORDER, filed July 7, 2017.

469.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2003 (DECLARATION OF R. JACOB BAKER, PH.D,, P.E.), filed October 25, 2017.

470.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2004 (Deposition of HAROLD S. STONE, PH.D.), filed October 25, 2017.

471.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2005 (Memory Systems: Cache, DRAM, Disk), filed October 25, 2017,

472.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2006 (PC2100 and PC1600 DDR SDRAM Registered DIMM, Design Specification,
Revision 1.3, January 2002), filed October 25, 2017.

473.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2007 (DRAM CIRCUIT DESIGN: Fundamental and High-Speed Topics), filed
October 25, 2017.

474.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, PATENT
OWNER’S RESPONSE, filed October 25, 2017.

475.

Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577,
PETITIONERS’ OBJECTIONS TO EVIDENCE, filed October 31, 2017.

476.

Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Annotated
version of Halbert Figure 4 showing 4:1 MUX/DeMUX and 4 ranks of memory
(corrected Ex. 1035), filed February 6, 2018.

477.

Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Annotated
version of Halbert Figure 4 showing 4:1 MUX/DeMUX and 4 ranks of memory, filed
February 6, 2018.

478.

Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Annotated
version of Halbert Figure 4 showing Fast components and Slow components, filed
February 6, 2018.

479.

Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Deposition
Transcript of R. Jacob Baker (Jan. 12, 2018.), filed February 6, 2018.
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480.

Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Excerpts
from Brent Keeth and R. Jacob Baker, DRAM Circuit Design: A Tutorial (IEEE Press
2001), filed February 6, 2018.

481. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Oral
Testimony of R. Jacob Baker in Certain Memory Modules and Components Thereof,
and Products Containing Same, Inv. No. 337-TA-1023 (May 11, 2017), filed February
6, 2018.

482. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Petitioners'
Reply to Patent Owner’s Response, filed February 6, 2018.

483. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent
Owner's Objections to Evidence, filed February 13, 2018.

484. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Patent
Owner's Motion to Exclude, filed February 28, 2018.

485. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent
Owner's Request for Oral Argument, filed February 28, 2018.

486. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Petitioner’s
Opposition to Patent Owner’s Motion to Exclude, filed March 14, 2018.

487. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent
Owner’s Reply to Opposition to Motion to Exclude, filed March 21, 2018.

488. | Inter Partes Review of US Patent No.8516185, Case No. [IPR2017-00577, Hearing
Transcript, filed April 6, 2018.

489. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Termination
Decision Document, filed July 7, 2018.

490. | Inter Partes Review of U.S. Patent No. 7,532,537, Case No. IPR2017-00667,
DECISION Institution of Inter Partes Review, filed July 21, 2017.

491. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Objections to Evidence, filed November 14, 2017.

492. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Supplemental Objections to Evidence, filed November 14, 2017.

493. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Deposition
of Carl Sechen, Ph.D. taken December 8, 2017, filed February 26, 2018.

494. | Inter Partes Review of US Patent No.7532537, Case No. [PR2017-00667, Deposition
of Carl Sechen, Ph.D. taken February 8, 2018, filed February 26, 2018.

495. | Inter Partes Review of US Patent No0.7532537, Case No. IPR2017-00667, Google, Inc.

et al. v. Netlist, Inc., Appeal 2014-00777, filed February 26, 2018.
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496. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Reply to Patent Owner’s Response, filed February 26, 2018.

497. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Objections to Evidence, filed March 5, 2018.

498. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Exhibit
2007, Deposition of Harold S. Stone, filed March 19, 2018.

499. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Motion for Observations, filed March 19, 2018.

500. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Request for Oral Argument, filed March 19, 2018.

501. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner's
Motion to Exclude, filed March 19, 2018.

502. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Submission on Propriety of Petitioners Reply, filed March 20, 2018.

503. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Response to Patent Owner’s Submission on Propriety of Petitioner’s Reply and
Supplemental Stone Declaration 1, filed March 27, 2018.

504. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner's
Reply in Support of its Motion to Exclude Certain Inadmissible Testimony of Patent
Owner's Expert Carl Sechen, filed April 2, 2018.

505. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner's
Updated Mandatory Notices, filed April 2, 2018.

506. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Response to Patent Owner’s Motion for Observations, filed April 2, 2018.

507. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Objection to Petitioner's Demonstratives, filed April 20, 2018.

508. | Inter Partes Review of US Patent No.7532537, Case No. [IPR2017-00667, Hearing
Transcript, filed April 24, 2018.

509. | Inter Partes Review of US Patent No0.7532537, Case No. IPR2017-00667, Final
Written Decision, filed July 18, 2018.

510. | Inter Partes Review of U.S. Patent No. 7,532,537, Case No. IPR2017-00668,
DECISION Institution of Inter Partes Review, filed July 21, 2017.

511. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Objections to Evidence, filed November 14, 2017.

512. | Inter Partes Review of US Patent No.7532537B2, Case No. [IPR2017-00668, Notice of
Deposition of Carl Sechen, filed January 30, 2018.
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513. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Supplemental Objections to Evidence, filed February 15, 2018.

514. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner’s Reply to Patent Owner’s Response, filed February 26, 2018.

515. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner's Objections to Evidence, filed March 5, 2018.

516. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner's Motion for Observations, filed March 19, 2018.

517. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner's Request for Oral Argument, filed March 19, 2018.

518. | Inter Partes Review of US Patent No.7532537B2, Case No. [IPR2017-00668, Patent
Owner's Submission on Propriety of Petitioner's Reply, filed March 20, 2018.

519. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Response to Patent Owner's Submission on Propriety of Petitioner's Reply
and Supplemental Stone Declaration, filed March 27, 2018.

520. | Inter Partes Review of US Patent No.7532537B2, Case No. [IPR2017-00668, Patent
Owner’s Opposition to Petitioner’s Motion to Exclude, filed April 2, 2018.

521. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Response to Patent Owner's Motion for Observations, filed April 2, 2018.

522. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner’s Reply in Support of its Motion to Exclude Certain Inadmissible Testimony
of Patent Owner’s Expert Carl Sechen, filed April 9, 2018.

523. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner’s Objections to Petitioner’s Demonstratives, filed April 20, 2018.

524. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Hearing
Transcript, filed April 24, 2018.

525. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Final
Written Decision, filed July 18, 2018.

526. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
CoolRunner XPL A3 CPLD product specification (2000), filed December 15, 2017.

527. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
Programmable Logic Design Quick Start Handbook (2004), filed December 15, 2017.

528. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
Xilinx TQFP package datasheet (2000), filed December 15, 2017.

529. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
Xilinx VQFP package datasheet (2002), filed December 15, 2017.
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530. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1022, Decision Denying Institution of Inter Partes Review, filed December 16, 2014

531. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1023, Decision Denying Institution of Inter Partes Review, filed March 9, 2015

532. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1024, Excepts from the Hearing in Certain Memory Modules and Components
Thereof, and Products Containing Same, filed May 8, 2017.

533. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1025, Complainant Netlist, Inc., Initial Post-Hearing Brief , filed May 30, 2017.

534. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1026, Respondents’ Post-Hearing Brief , filed May 30, 2017,

535. | Inter Partes Review of US Patent No0.9606907, Case No. IPR2018-00362, Declaration
of Dr. Harold Stone, filed December 22, 2017.

536. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1003: Declaration of Dr. Harold Stone, filed December 22, 2017.

2017.

537. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1027, Demonstrative-Graphics-from-hynix-post-hearing-brief, filed December 22,

538. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1028, Netlist-reply-post-hearing-brief, filed December 22, 2017.

539. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1029, Respondent’s Reply Post-Hearing Brief, filed December 22, 2017.

540. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
1030, High-Quality Versions of Demonstrative-Graphics-from-hynix-reply-post-
hearing-brief, filed December 22, 2017.

541. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1031, Institution of the ‘185 patent, filed December 22, 2017.

December 22, 2017.

542. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1032, Final Written Decision, Diablo Techs., Inc v. Netlist Inc., Paper No. 33, filed

543. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1033, Decision, Netlist Inc., v. Diablo Techs., Inc., filed December 22, 2017.

544. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1034, Netlist’s Infringement Claim Chart of , filed December 22, 2017.
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545. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1035, Stone, H.S. Microcomputer Interfacing, Reading, MA Addison Wesley, filed
December 22, 2017.

546. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1039, Intel E7525 Memory Controller Hub (MCH) Chipset Datasheet, filed December
22,2017.

547. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1040, Initial Determination, Certain Memory Modules and Components Thereof, and
Products Containing Same, filed December 22, 2017,

548. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1041, MEMORY-SY STEMS-Cache-DRAM-Disk, Bruce Jacobs et al., filed December
22,2017.

549. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1042, Direct DRAM Datasheet, Bruce Jacobs et al., filed December 22, 2017.

550. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petition,
filed December 22, 2017.

551. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
1011: JEDEC Standard DDR2 SDRAM Specification, JESD79-2B (January 2005),
filed December 27, 2017.

552. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Notice of
Accorded Filing Date, filed January 10, 2018.

553. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Preliminary Response, filed April 10, 2018.

554. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Granting
Institution of Inter Partes Review, filed June 29, 2018.

555. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner’s Objection to Petition Evidence, filed July 16, 2018.

556. | Inter Partes Review of US Patent No. 9,606,907 B2, Case No. IPR2018-00362, and
Case No. IPR2018-00363, EXHIBIT 3001, 'email from Mehran Arjomand,’ filed July
30, 2018.

557. | Inter Partes Review of US Patent No. 9,606,907 B2, Case No. [IPR2018-00362, and
Case No. IPR2018-00363, EXHIBIT 3001, 'email from Michael D. Hatcher,' filed July
30, 2018.

558. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Order 37
C.FR. 425, filed August 2, 2018.
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559. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner's Supplemental Mandatory Notices, filed September 17, 2018.

560. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
2002: Declaration of R. Jacob Baker, Ph.D, P E ., filed October 19, 2018,

561. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
2003: Deposition of Harold S. Stone, Ph. D, October 5, 2018, filed October 19, 2018.

562. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
2004: United States International Trade Commission, Inv. No. 337-TA-1089, Joint List
of Claim Terms for Construction and Proposed Constructions, filed October 19, 2018.

563. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
2005: United States International Trade Commission, Inv. No. 337-TA-1089, Order
No. 17: Construing Terms of the Asserted Patents, filed October 19, 2018.

564. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner's Response, filed October 19, 2018.

565. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
1043, 'Chart comparing text in Dr. Baker's declaration [Ex. 2002] with identical text in
Patent Owner's Response [Paper No. 14],' filed February 11, 2019.

566. | Inter Partes Review of US Patent No.9606907, Case No. [IPR2018-00362, EXHIBITS
1044, 'Deposition Transcript of R. Jacob Baker (Jan. 26, 2019.),’ filed February 11,
2019.

567. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
1045, 'Deposition Transcript of R. Jacob Baker (Jan. 12, 2018) in IPR2017-00577
concerning the parent to the '907 Patent,' filed February 11, 2019.

568. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, EXHIBITS
1046, 'Final Office Action concerning U.S. Patent Application No. 15/470,856 (dated
7/27/18),' filed February 11, 2019.

569. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, EXHIBITS
1047, 'Certified translation of the Examination Decision issued by the State Intellectual
Property Office of the P.R.C. (dated 5/30/18)," filed February 11, 2019.

570. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, EXHIBITS
1048, 'Certified translation of the Preliminary Opinion issued by the German Patent
and Trademark Office (dated 1/8/19),' filed February 11, 2019.

571. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Reply to Patent Owner's Response, filed February 11, 2019.

572. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Motion To Exclude, filed February 19, 2019.
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573. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent

Owner Objections To Reply Evidence, filed February 19, 2019.

574. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner Request For Oral Argument, filed February 19, 2019.

575. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Request for Oral Argument, filed February 19, 2019,

576. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Corrected
Petitioners' Reply to Patent Owner's Response, filed February 20, 2019.

577. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
3002, 'Patent Owner's Request for Sur Reply,' filed March 1, 2019.

578. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 5, 2019,

579. | Inter Partes Review of US Patent No0.9606907, Case No. IPR2018-00362, Patent
Owner's Sur-Reply To Petitioner's Corrected Reply, filed March 8, 2019.

580. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March 12,
2019.

581. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Order - Trial
Hearing, filed March 22, 2019.

582. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, PAPER 30,
'"Record of Oral Hearing,' filed June 27, 2019, 131 pgs.

583. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, PAPER 29,
'"Termination Decision Document,' filed June 27, 2019, 94 pgs.

584. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petition,
filed December 22, 2017.

585. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner’s Preliminary Response, filed April 10, 2018.

586. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Decision
Granting Institution of Inter Partes Review, filed June 29, 2018.

587. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, EXHIBITS
1043, 'Deposition Transcript of R. Jacob Baker (Feb. 9, 2019.),' filed February 22,
2019.

588. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, EXHIBITS

1044, 'Declaration of R. Jacob Baker in IPR2017-00577 concerning the parent to the
'907 Patent (Oct. 25, 2017),' filed February 22, 2019.
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589. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, EXHIBITS
1045, 'Deposition Transcript of R. Jacob Baker in IPR2017-00577 concerning the
parent to the '907 Patent (Jan. 12, 2018),' filed February 22, 2019.

590. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, EXHIBITS
1046, 'Final Written Decision in IPR2017-00577 invalidating all challenged claims to
the parent to the '907 Patent (July 5, 2018),' filed February 22, 2019.

591. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, EXHIBITS
1048, 'U.S. Patent No. 7,133,960, filed February 22, 2019.

592. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petitioners'
Reply to Patent Owner's Response, filed February 22, 2019.

593. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Order, Trial
Hearing, filed March 1, 2019.

594. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Objections To Reply Evidence, filed March 1, 2019.

595. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Motion To Exclude, filed March 4, 2019.

596. | Inter Partes Review of US Patent No0.9606907, Case No. IPR2018-00363, Patent
Owner's Request For Oral Argument, filed March 4, 2019.

597. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petitioners'
Request for Oral Argument, filed March 4, 2019.

598. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 11, 2019.

599. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Sur-Reply To Petitioner's Reply, filed March 15, 2019.

600. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March18, 2019.

601. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Order, Trial
Hearing, filed March 22, 2019.

602. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Curriculum
Vitae of Dr. Harold Stone, filed December 27, 2017.

603. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Declaration
of Dr. Harold Stone, filed December 27, 2017.

604. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, File History
of U.S. Patent N0.9606907, filed December 27, 2017.

605. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Petition,
filed December 27, 2017.
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606. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent

Owner’s Preliminary Response, filed May 7, 2018.

607. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Decision
Granting Institution of Inter Partes Review, filed August 6, 2018.

608. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner's Objections to Petition Evidence, filed August 21, 2018.

609. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner's Supplemental Mandatory Notices, filed September 17, 2018.

610. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Exhibit
2001: Annotated Fig. 4 of U.S. Patent No. 7024518 - Halbert, filed November 16,
2018.

611. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Exhibit
2002: Declaration of R. Jacob Baker, Ph.D, P E , filed November 16, 2018.

612. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner's Response, filed November 16, 2018.

613. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364 EXHIBITS
1043, 'Deposition Transcript of R. Jacob Baker (Feb. 9, 2019.),' filed February 22,
2019.

614. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00365, Patent
Owner’s Preliminary Response, filed December 27, 2017.

615. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00365, Petition,
filed December 27, 2017.

616. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00365, Decision
Granting Institution of Inter Partes Review, filed August 6, 2018.

617. | Order Granting Request for Inter Partes Reexamination mailed September 8, 2010, for
Control No. 95/000,381, filed June 9, 2010, 21 pages.

618. | Non-Final Action mailed August 27, 2010, for Control No. 95/000,546, filed May 11,
2010, 16 pages.

619. | Order Granting Request for Inter Partes Reexamination mailed August 9, 2010, for
Control No. 95/000,546, filed May 11, 2010, 22 pages.

620. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control Nos.
95/000,546 and 95/000,577, mailed February 25, 2015, 25 pages.

621. | Patent Trial and Appeal Board Decision on Request for Rehearing for Reexamination
Control Nos. 95/000,546 and 95/000,577, mailed August 27, 2015, 5 pages.

622.

Action Closing Prosecution mailed October 1, 2012, for Control Nos. 95/000,546 and
95/000,577, filed May 11, '2010 and October 20, 2010 respectively, 39 pages.
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623.

Patent Owner's Appeal Brief for Reexamination Control Nos. 95/000,546 and
95/000,577, filed October 2, 2013, 46 pages

624. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control Nos.
95/000,546 and 95/000,577, mailed February 25, 2015, 25 pages.

625. | Patent Trial and Appeal Board Decision on Request for Rehearing for Reexamination
Control Nos. 95/000,546 and 95/000,577, mailed August 27, 2015, 5 pages.

626. | Order Granting Request for Inter Partes Reexamination mailed January 18, 2011, for
Control No. 95/000,577, filed October 20, 2010, 17 pages.

627. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,289,386,
corresponding to Reexam Control No. 95/000,577, in 184 pages. cited by other.

628. | Order Granting Request for Inter Partes Reexamination mailed January 18, 2011, for
Control No. 95/000,578, filed October 20, 2010, 14 pages.

629. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,619,912,
corresponding to Reexam Control No. 95/000,578, in 66 pages. cited by other.

630. | Patent Owner's Response to Office Action mailed November 13, 2012 for
Reexamination Control Nos. 95/000,578; 95/000,579, and 95/001,339, filed January
14, 2013, 96 pages.

631. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control Nos.
95/000,578; 95/000,579; and 95/001,339, mailed May 31, 2016, 106 pages.

632. | Order Granting Request for Inter Partes Reexamination mailed January 14, 2011, for
Control No. 95/000,579, filed October 21, 2010, 12 pages.

633. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,619,912,
corresponding to Reexam Control No. 95/000,579, in 32 pages. cited by other.

634. | Examiner's Determination after Board Decision on Appeal for Reexamination Control
No. 95/001,337, mailed September 11, 2015, 16 pages.

635. | Non-Final Action Closing Prosecution mailed March 12, 2012, for Control No.
95/001,337, filed April 19, 2010, 33 pages.

636. | Non-Final Action mailed September 27, 2011, for Control No. 95/001,337, filed April
19, 2010, 19 pages.

637. | Order Granting Request for Inter Partes Reexamination mailed August 27, 2010, for
Control No. 95/001,337, filed April 19, 2010, 21 pages.

638. | Right of Appeal Notice mailed June 22, 2012, for Control No. 95/001,337, filed June 4
2010, 34 pages.

639.

Non-Final Action Closing Prosecution mailed September 1, 2010, for Control No.
95/001,339, filed April 10, 2010, 17 pages.
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640. | Non-Final Action mailed April 4, 2011, for Control No. 95/001,339, filed April 20,
2010, 61 pages. (merged with 95/000,578 and 95/000,579)

641. | Non-Final Action mailed October 4, 2011, for Control No. 95/001,339, filed April 20,
2010, 77 pages. (merged with 95/000,578 and 95/000,579)

642. | Non-Final Action mailed October 14, 2011, for Control No. 95/001,339, filed April 30,
2010, 99 pages. (merged with 95/000,578 and 95/000,579)

643. | Order Granting Request for Inter Partes Reexamination mailed September 1, 2010, for
Control No. 95/001,339, filed April 20, 2010, 14 pages.

644. | Action Closing Prosecution mailed March 27, 2014 for Reexamination Control No.
95/001,339, filed June 8, 2010, 106 pages

645. | Non-Final Office Action mailed November 13, 2012, for Control Nos. 95/001,339,
95/000,578 and 95/000,579, filed April 20, 2010, October 20, 2010 and October 21,
2010 respectively, 81 pages

646. | Non-Final Action Closing Prosecution mailed March 21, 2014, for Reexamination
Control Nos. 95/001,339; 95/000,578; and 95/000,579, 92 pages.

647. | Patent Trial and Appeal Board Decision on Request for Rehearing for Reexamination
Control No. 95/001,381, mailed August 13, 2014, 7 pages.

648. | U.S. Court of Appeals for the Federal Circuit, Decision on Appeal for Reexamination
Control No. 95/001,381, filed November 13, 2015, 14 pages

649. | Non-Final Action Closing Prosecution mailed June 21, 2011, for Control No.
95/001,381, filed June 9, 2010, 34 pages.

650. | Non-Final Action mailed September 8, 2010, for Control No. 95/001,381, filed June 9,
2010, 17 pages.

651. | Non-Final Action mailed June 15, 2011, for Control No. 95/001,381, filed June 9,
2010, 33 pages.

652. | Right of appeal Notice mailed February 7, 2012, for Control No. 95/001,381, 33 pages.

653. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001,381, mailed January 16, 2014, 24 pages.

654. | Request for Inter Partes Reexamination; Reexam Control No. 95/001,381, for U.S.
Patent No. 7,532,537, filed June 9, 2010, 247 pages

655. | Non-Final Office Action mailed December 19, 2012, for Control No. 95/001,758, filed
September 14, 2011, 36 Pages.

656. | Patent Owner's Response to Office Action mailed December 19, 2012 for
Reexamination Control No. 95/001,758, filed March 19, 2013, 61 pages

657. | Patent Owner's Response to Office Action mailed September 26, 2013 for
Reexamination Control No. 95/001,758, filed November 26, 2013, 85 pages
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658. | Third Party Requester’s Comments after Non-Final Action mailed September 26, 2013
for Reexamination Control No. 95/001,758, filed December 26, 2013,

659. | Action Closing Prosecution mailed March 27, 2014 for Reexamination Control No.
95/001,758, filed September 14, 2011, 40 pages

660. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001,758, mailed May 31, 2016, 49 pages.

661. | Non-Final Office Action mailed November 16, 2011, for Reexam Control No.
95/001,758 filed September 14, 2011, 25 pages.

662. | Order Granting Request for Inter Partes Reexamination mailed November 16, 2011, for
Reexam Control No. 95/001,758, filed September 14, 2011, 13 pages.

663. | Request for Inter Partes Reexamination; Reexam Control No. 95/001,758, for U.S.
Patent No. 7,864,627, filed September 15, 2011, 814 pages (submitted in four parts.)

664. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001/337, mailed January 16, 2014, 30 pages

665. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001/381, mailed January 16, 2014, 24 pages

666. | New Board of Appeals Decision after Board Decision with New Ground of Rejection:
New Ground of Rejection dated 06/26/2014 for Reexamination Control No. 95/001337

667. | Other Reference-Patent/App/Search documents dated 11/22/2016 for Reexamination
Control No. 95/001337

668. | Patent Owner Comments on Examiner's Determination after Board Decision dated
02/22/2017 for Reexamination Control No. 95/001337

669. | Patent Owner Comments on Examiner's Determination after Board Decision dated
10/14/2015 for Reexamination Control No. 95/001337

670. | Patent Owner Comments on Req for Rehearing timely dated 03/19/2014 for
Reexamination Control No. 95/001337

671. | Patent Owner Response after Board Decision dated 03/18/2014 for Reexamination
Control No. 95/001337

672. | Patent Owner Response after Board Decision dated 03/19/2014 for Reexamination
Control No. 95/001337

673. | Patent Owner Response after Board Decision dated 07/29/2014 for Reexamination
Control No. 95/001337

674. | Petition under Rule 41.3 to Chief Admin Patent Judge dated 11/22/2016 for
Reexamination Control No. 95/001337

675. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 03/22/2017 for
Reexamination Control No. 95/001337
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676. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 04/17/2014 for
Reexamination Control No. 95/001337

677. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 09/05/2014 for
Reexamination Control No. 95/001337

678. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 11/13/2015 for
Reexamination Control No. 95/001337

95/001337

679. | Reexam Petition Decision - Denied dated 08/05/2014 for Reexamination Control No.

Control No. 95/001337

680. | Reexam Petition Decision - Granted - in-part dated 01/23/2017 for Reexamination

681. | Reqr Comments on Examiners Determ after Board Decision dated 11/13/2015 for
Reexamination Control No. 95/001337

682. | Requester Comments on Patent Owner Response after Board Decision dated
03/22/2017 for Reexamination Control No. 95/001337

683. | Requester Comments on Patent Owner Response after Board Decision dated
04/17/2014 for Reexamination Control No. 95/001337

684. | Requester Comments on Patent Owner Response after Board Decision dated
09/05/2014 for Reexamination Control No. 95/001337

685. | Requester Request for Rehearing after Board Decision dated 02/18/2014 for
Reexamination Control No. 95/001337

95/001337

686. | Administrative Remand to Examiner dated 01/19/2017 for Reexamination Control No.

687. | Affidavit-traversing rejections or objections rule 132 (26 pages) dated 10/14/2015 for
Reexamination Control No. 95/001337

688. | Affidavit-traversing rejections or objections rule 132 dated 02/22/2017 for
Reexamination Control No. 95/001337

689. | Affidavit-traversing rejections or objections rule 132 dated 03/18/2014 for
Reexamination Control No. 95/001337

690. | Affidavit-traversing rejections or objections rule 132 dated 03/19/2014 for
Reexamination Control No. 95/001337

691. | Affidavit-traversing rejections or objections rule 132 dated 10/14/2015 for
Reexamination Control No. 95/001337

692. | Examiner's Determination on Patent Owner Response/Requester Comments after
Board Decision dated 06/15/2015 for Reexamination Control No. 95/001337

693. | Examiner's Determination on Patent Owner Response/Requester Comments after
Board Decision dated 09/11/2015 for Reexamination Control No. 95/001337
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694. | Order Granting Request for Inter Partes Reexamination and Non-Final Office Action
mailed December 7,2012, for Control No. 95/002,399, filed September 15, 2012, 89
pages.

695. | Reexamination Control No. 95/002,399, filed April 25, 2013, and its entire file history

696. | Request for Inter Partes Reexamination for U.S. Patent No. 8,250,295, filed September
15,2012, 601 pages. (submitted in three parts.)

697. | "64 & 72 Pin Zip/Simm Sram Module", JEDEC, Standard No. 21-C,
www.jedec.com/download/search/4.sub.--04.sub.--01.pdf, Jun. 1997 pp. 4.4.1-1.

698. | "Bank Striping of Data Across Internal SDRAM Banks," IP.com, IPCOM000013697D,
2000.

699. | "Distributed Memory Mapping," IP.com, IPCOM000014788D, 2000.

700. | "Elipida Memory to Speak at Intel's Memory Implementers Forum Roundtable Event",
Intel Developer Forum, [Online]. Retrieved from the Internet: <URSL:
http://www.elpida.com/en/news/2004/02-18.html>, (Jun. 14, 2011), 1 pg. cited by
examiner.

701. | "Information Huawei or FPGA-Take Five," Electronic News, 2002, p. 24.

702. | "Method for a high-performance DRAM address mapping mechanism," IP.com,
IPCOMO000008164D, 2002.

703. | "Method for memory probing on a multiple-DIMM bus," IP.com, IPCOM000019063D,
2003.

704. | "Method for multiple device interface testing using a single device," IP.com,
IPCOMO000010054D, 2002.

705. | "PC2100 and PC1600 DDR SDRAM Registered DIMM Design Specification" JEDEC,
Standard No. 21-C, Revision 1.3, Jan. 2002.

706. | "Quad Band Memory (QBMA.TM. ): DDR200/266/333 devices producing
DDR400/533/667" (the "QBMA Reference"), published by the QBMA Alliance,
Platform Conference, San Jose, California, Jan. 23-24, 2002.

707. | Abali, B. "Memory Expansion Technology (MXT): Software Support and Performance,"
IBM J. Res. & Dev., vol. 45, No. 2, 2001, pp. 287-300.

708. | ANONYMOUS. (May 2002). “Hynix HYMD512G726(L)8-K/H/L Registered DDR SDRAM
DIMM, 128 Mx72 bits Product Description,” Rev. 0.1/May, 02, pp. 1-16.

709. | Arlington, DL Evans. "Enhancement of Memory Card Redundant Bit Usage Via
Simplified Fault Alignment Exclusion,” IMB Technical Disclosure Bulletin, 1987.

710. | Arroyo et al. "Method of executing Manufacturing ROM Code Without Removing
System Roms," IP.com, IPCOM000037214D, 1989.
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711. | Ayukawa et al. "An Access-Sequence Control Scheme to Enhance Randon-Acess
Performance of Embedded DRAM's," IEEE Journal of Solid-State Circuits, Vol. 33, No.
5, p. 800-806, dated May 1998.
712. | Barr, Michael. "Programmable Logic: What's it to Ya?," Embedded Systems
Programming, Jun. 1999, pp. 75-84.
713. | Bennayoun et al. "Input/Output Chip Select Doubler," IBM Technical Disclosure
Bulletin, vol. 38, No. 04 1995, pp. 237-240.
714. | Blum et al. "Fast Multichip Memory System With Power Select Signal," IMB Technical
Disclosure Bulletin, 1979.
715. | Carvalho, Carlos; "The Gap between Processor and Memory Speeds"; ICCA '02.
716. | Cuppu et al. "A Performance Coparison of Contemporary DRAM Architectures,” IEEE
Proceedings of the 26.sup.th International Symposium on Computer Architectures,
May 2-4, 1999, Atlanta, Georgia, pp. 1-12.
717. | Cuppu et al. "Concurrency, Latency, or System Overhead: Which Has the Largest
Impact on Uniprocessor DRAM-System Performance?," IEEE, 2001, pp. 62-71.
718. | Cuppu et al. "High-Performance DRAMs in Workstation Environments," IEEE
Transactions on Computers, vol. 50, No. 11, 2001, pp. 1133-1153.
719. | Denneau, M. "Logic Processor For Logic Simulation Machine," IBM Technical
Disclosure Bulletin, vol. 25, No. 1, 1982.
720. | Excerpts from the Authoritative Dictionary of IEEE Standard Terms, Seventh Edition,
Standards Information Network, IEEE Press (2000), pp. 133-265
721. | Excerpts from the Authoritative Dictionary of IEEE Standard Terms, Seventh Edition,
Standards Information Network, IEEE Press (2000), pp. 349-411
722. | Fairchild Semiconductor. "DM74L5138 DM74LS139 Decoder/Demultiplexer,” Fairchild
Semiconductor Corporation, 2000.
723. | Fitzgerald et al. "Chip Select Circuit for Multi-Chip RAM Modules," IP.com,
IPCOMO000044404D, 1984.
724. | Freedman, Alan. "The Computer Glossary," The Complete lllustrated Dictionary,
American Management Association, 2001.
725. | Gray, KS. "Fet Ram Chip Double Density Scheme," IP.com, IPCOMO000043942D, 1984.
726. | Grimes et al. "Access Rate/Availability Improvement Logic for Dynamic Memories,"
IBM Technical Disclosure Bulletin, Oct. 1982.
727. | Gupta et al. "Designing and Implementing a Fast Crossbar Scheduler," IEEE Micro,
1999, pp. 20-28.
Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 142



Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403.832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 37 | of | 47 Attorney Docket Number | NLO23-02US02

728. | Hession et al. "Chip Select Technique for Multi Chip Decoding," IP.com,
IPCOMO000070404D, 1985.

729. | Hewlett-Packard. "Memory technology evolution: an overview of system memory
technologies," technology brief, 7th edition. 2003.

730. | Hoare et al. "An 88-Way Multiprocessor Within An FPGA With Customizable
Instructions," Proceedings of the 18th International Parallel and Distributed
Processing Symposium, 2004.

731. | Intel Corporation, 66/100 MHz PC SDRAM 64-Bit Non-ECC/Parity 144 Pin Unbuffered
SO-DIMM Specification, Revision 1.0, Feb. 1999.

732. | Intel Corporation, PC SDRAM Registered DIMM Design Support Document, Revision
1.2, Oct. 1998.

733. | IntelR 6400/6402 Advanced Memory Buffer Datasheet, published October 2006.

734. | Jacob, Bruce L.; "Synchronous DRAM Architectures, Organizations, and Alternative
Technologies". University of Maryland, Dec. 10, 2002.

735. | Jacob, Bruce, et al. "Memory Systems - Cache, DRAM, Disk," Elsevier Inc. 2008,
Chapters 7 and 10

736. | JEDEC "JEDEC Standard: Double Data Rate (DDR) SDRAM Specification", JESD79C Mar.
2003.

737. | JEDEC Standard JESD79D, "Double Data Rate (DDR) SDRAM Specification," published
Jan. 2004.

738. | Jedec Standard No. 21-C, 4.20.5--184 Pin. PC1600/2100 DDR SDRAM Unbuffered
DIMM Design Specification, Revision 1.1, Release 11b, Published Apr. 2003.

739. | JEDEC Standard No. 21-C, 4.20.6-200 Pin. PC2700/PC2100/PC1600 DDR SDRAM
Unbuffered SO-DIMM Reference Design Specification, Revision 1.1, Release 11b, Apr.
26, 2002.

740. | JEDEC Standard No. 21-C, 4.20-2--168 Pin, PC133 SDRAM Registered Design
Specification, Revision 1.4, Release 11a, Feb. 2002.

741. | JEDEC Standard No. 21-C, 4.20-2-168 Pin, PC133 SDRAM Registered SO-DIMM,
Reference Design Specification, Revision 1.02, Release 11. Published Oct. 2003.

742. | JEDEC Standard No. 21-C, 4.20-3--144 Pin, PC133 SDRAM Unbuffered SO-DIMM,
Reference Design Specification, Revision 1.02, Release 11. Published Oct. 2003.

743. | Jedec Standard No. 21-C, DDR SDRAM PC2100 and PC1600 DDR SDRAM Registered
DIMM Design Specification, Revision 1.3, Release 11b, Jan. 2002.

Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 143



Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403.832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 38 | of | 47 Attorney Docket Number | NLO23-02US02

744. | Jedec Standard, "Definition of the SSTV16859 2.5 V 13-Bit to 26-Bit SSTL.sub.--2
Registered Buffer for Stacked DDR DIMM Applications,” JESD82-4B, May 2003.

745. | Jin et al. "Embedded Memory in System-On-Chip Design: Architecture and Prototype
Implementation," CCECE, 2003, pp. 141-146.

746. | Jin et al. "Prototype Implementation and Evaluation of a Multibank Embedded
Memory Archtecture in Programmable Logic," IEEE, 2003, pp. 13-16.

747. | Kane et al. "Read Only Store Memory Extension," IP.com, IPCOM000082845D, 1975.

748. | Karabatsos, C., "Quad Band Memory (QBM) Technology", Kentron Technologies, Inc.,
Apr. 2001, pp. 1-5.

749. | Kazusawa et al. "RAS Buffering Technique to Precent Stored Data Destruction in
DRAM Standby State," dated 01-01-1996, p. 341-344.

750. | Kellog, Mark; "PC133: SDRAM Main Memory Performance Reaches New Heights";
IBM Microelectronics, 1999.

751. | Keltcher et al.; "The AMD Opteron Processor for Multiprocessor Servers"; IEEE Micro,
vol. 23, No. 2, Mar. 2003.

752. | Kirihata et al.; "A 390-mm, 16-Bank, 1-Gb DDR SDRAM with Hybrid Bitline
Architecture"; IEEE Journal Of Solid-State Circuits, vol. 34, No. 11, Nov. 1999.

753. | Kornaros et al. "A Fully-Programmable Memory Management System Optimizing
Queue Handling at Multi Gigabit Rates," DAC, 2003, pp. 54-59.

754. | Lee et al. "A banked-promotion translation lookaside buffer system," Journal of
Systems Architecture, vol. 47, 2002, pp. 1065-1078.

755. | Lee et al. "An on-chip cache compression technique to reduce decompression
overhead and design complexity." Journal of Systems Architecture, vol. 46, 2000, pp.
1365-1382.

756. | Lin et al. "Designing a Modern Memory Hierarchy with Hardware Prefetching," IEEE
Transactions on Computers, vol. 50, No. 11, 2001, pp. 1202-1217.

757. | Luthra et al. "Interface Synthesis Using Memory Mapping for an FPGA Platform,"
Proceedings of the 21st International Conference on Computer Design, 2003,

758. | Matick et al. "Read-Select Capability for Static Random-Access Memory," IMB
Technical Disclosure Bulletin, 1985, pp. 6640-6642.

759. | Matick, RE. "Logic and Decoder Arrangement for Controlling Spill/Wrap Boundaries of
a Bit-Addressable Memory Decoder,"” IMB Technical Disclosure Bulletin, 1984.

760. | McCluskey, Edward J., Logic Design Principles with Emphasis on Testable
Semicustom Circuits, Prentice Hall, 1986, pp. 104-107 and 119-120.

Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 144



Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403.832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 39 | of | 47 Attorney Docket Number | NLO23-02US02
761. | Meyers et al. "Use of Partially Good Memory Chips," IP.com, IPCOM000066246D,
1979.
762. | Micron "DDR SDRAM RDIMM, MT36VDDF12872-1GB, MT36VDDF25672-2GB," 2002
Micron Technology, Inc. 20 pages.
763. | Micron "Synchronous DRAM Module MT18LSDT472," 1998, Micron Technology, Inc.,
17 pages.
764. | Micron Technical Note,"Decoupling Capacitor Calculations for a DDR Memory
Channel," 2004, 3 pages.
765. | Microsoft Computer Dictionary, Fifth Edition, Microsoft Press, p. 334, 2002
766. | Murdocca et al., "Principles of Computer Architecture,” Prentice Hall, 2000, pp. 249-
251.
767. | Ofek et al. "Partial Two Way Mapping Technique," IMB Technical Disclosure Bulletin,
1969.
768. | Paldan, David. "Programmable Memory Address Decoding For Microprocessor
Memory Device," IP.com, IPCOMO000005486D, 1983.
769. | PC133 SDRAM Registered DIMM Design Specification, Revision 1.1, Aug. 1999, 62
pages.
770. | Pellinger et al. "Dual Addressable Memory," IP.com, IPCOMO000068610D, 1978.
771. | Plotnick et al. "Shuffle Your Chips For Better Performance," PC Week, 1998, p. 90.
772. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,289,386,
corresponding to Reexam Application No. 95/000,577, in 184 pages.
773. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,619,912,
corresponding to Reexam Application No. 95/000,578, in 66 pages.
774. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,619,912,
corresponding to Reexam Application No. 95/000,579, in 32 pages.
775. | Qureshi, "High Utilization and Reliability Memory Bit Steering Method," dated 03-01-
1995, p. 615-616
776. | Schubert et al. "Accelerating system integration by enhancing hardware, firmware,
and co-simulation," IBM J. Res. & Dev, vol. 48, No. 3/4, May/Jul. 2004, pp. 569-581.
7717. | Selected Entries in Oxford English Dictionary, Oxford University Press 2014,
http://www.oed.com/view/Entry/1750397redirectedFrom=selectivel y#eid
778. | Skelton, MH. "Program Controlled Paging Scheme for Memory Expansion,” IP.com.
IPCOMO000050954D, 1982.
779. | Slegel et al. "IBM's S/390 G5 Microprocessor Design," IEEE Micro, 1999, pp. 12-23.
Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 145



Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403.832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 40 | of | 47 Attorney Docket Number | NLO23-02US02

780. | Smith, BA. "Chip Select Decoder Circuit," IP.com, IPCOM000063400D, 1985.

781. | Stelzer, KC. "Planar Memory Boundary Registers with Remap Feature," IMB Technical
Disclosure Bulletin, 1993.

782. | Sunaga et al. "An Enable Signal Circuit for Multiple Small Banks," IP.com,
IPCOMO000015887D, 2002.

783. | Sunaga et al. "Continuou RAS Access Method in Multiple-bank DRAM Chip," IP.com,
IPCOMO000123375D, 1998.

784. | Takai et al. "250 Mbyte/s Synchronous DRAM Using a 3-Stage- Pipelined
Architecture," IEEE Journal of Solid-State Circults, Vol. 29, No. 4, p. 426-431, dated
April 1994.

785. | Texas Instruments, "TM2SR72EPN 2097152 by 72-Bit, TM4SRT2EPN 4194304 by 72-
Bit, Synchronous Dynamic RAM Modules," 1997, 15 pages.

786. | Toal et al. "A 32-Bit SoPC Implementation of a P5." Proceedings of the Eighth IEEE
International Symposium on Computers and Communications, 2003, pp. 1530-1346.

787. | Tudruj, Marek. "Dynamically reconfigurable heterogenous multi-processor systems
with transputer-controlled communication," Journal of Systems Architecture, vol. 43,
1997, pp. 27-32.

788. | Vogt, Pete, "Fully Buffered DIMM (FB-DIMM) Server Memory Architecture: Capacity,
Performance, Reliability, and Longevity," Intel, Feb. 18, 2004, 33 pages.

789. | Web search results from the Oxford English Dictionary, Oxford University Press 2014,
http://www.oed.com/search?searchType=dictionary&q=select& searchBin=Search

790. | Yao, YL. High Density Memory Selection Circuit,: IP.com, IPCOM000078218D, 1972.

791.

792. | Micron "DDR2 SDRAM Registered DIMM (RDIMM)," 2003 Micron Technology, Inc. 18
pages.

793. | Miles J. Murdocca et al., "Principles of Computer Architecture”, Prentice Hall, Inc.,
Upper Saddle River, NJ, 2000, pp. 243-252.

794. | Russell, Gill, "Intel Micron Hybrid Memory Cube: The Future of Exascale Computing,”
Bright Side of News. Sept. 19, 2011,
<http:www.brightsideofnews.com/news/2011/9/19/intel-mocron-hybrid-momory-
cube-the-future-of-exascale-compting.aspx> Printed October 13, 2011 in 8 pages.

795. | Sunaga et al. "An Enable Signal Circuit for Multiple Small Banks," IP.com,
IPCOMO000015887D, 2002.

Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 146



INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form 1449-PTO

Electronically filed December 11, 2021

Application Number

17/403.832

Filing Date

August 16, 2021

First Named Inventor

Jefferey C. Solomon

Art Unit

2139

Examiner Name

TBD

Sheet | 41 | of | 47 Attorney Docket Number | NLO23-02US02

796. | Anonymous. (December 1996). "Applications Note: Understanding DRAM Operation,"
IBM, 10 pages.

797. | Behrens, S. "HP Printer Memory Explained”, The ZonkPage, Last Updated 01-21-2004.
Accessed 02-10-2013, Retrieved from the Internet: URL
<http://warshaft.com/hpmem.htm>. 7pp.

798. | McCluskey, Edward J., Logic Design Principles with Emphasis on Testable Semicusto
Circuits, Prentice Hall, 1986, pp. 104-107 and 119-120.

799. | MICRON, DDR SDRAM DIMM Module: MT16VDDT3264A — 256 MB; MT16VDDT6464A
— 512 MB, Data Sheet, 2002, Micron Technology, Inc.

800. | Horowitz, "The Art of Electronics,” Cambridge Univ. Press, 1989, selected pages

801. | Jacob, Bruce L.; "Synchronous DRAM Architectures, Organizations, and Alternative
Technologies". University of Maryland, Dec. 10, 2002.

802. | JEDEC Standard No. 21-C Section 4.5.7, 168 Pin Registered SDRAM DIMM Family,
Release 7

803. | JEDEC 21-C, Section 4.6.1, 278 Pin Buffered SDRAM DIMM Family

804. | JEDEC Standard No. 21-C Section 4.1.2.5, Appendix E, "Specific PD's for Synchronous
DRAM (SDRAM)," pp. 1-25,

805. | JEDEC Standard Double Data Rate (DDR) SDRAM Specification, JESD79 (June 2000)

806. | Texas Instruments SN74L5245 octal bus transceivers with 3-state outputs datasheet,
2002

807. | Stone, H.S. Microcomputer Interfacing, Reading, MA: Addison Wesley, 1982

808. | 128Mbit SDRAM, Samsung datasheet K45281632C, Rev. 00. March 2000

809. | G. Moore, “Cramming more components onto integrated circuits,” Electronics,
volume 38, no. 8, April 19, 1965

810. | Altera, ACEX iK, Programmable Logic Device Family, Data Sheet, May 2003, Ver 3.4

811. | Horowitz, "The Art of Electronics," Cambridge Univ. Press, 1989, selected pages

812. | Jacob, Bruce L.; "Synchronous DRAM Architectures, Organizations, and Alternative
Technologies". University of Maryland, Dec. 10, 2002.

813. | JEDEC Standard No. 21-C Section 4.5.7, 168 Pin Registered SDRAM DIMM Family,
Release 7

814. | JEDEC 21-C, Section 4.6.1, 278 Pin Buffered SDRAM DIMM Family

815. | JEDEC Standard No. 21-C Section 4.1.2.5, Appendix E, "Specific PD's for Synchronous
DRAM (SDRAM)," pp. 1-25,

Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 147



Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403.832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 42 | of | 47 Attorney Docket Number | NLO23-02US02
816.

BUSINESS WIRE, Samsung Announces Mass Production of DDR2; Industry's First 1
GigaByte DDR2 DIMM Offers High Speed and Low Power Necessary for Next-
Generation PCs and Servers, March 24, 2003.

817.

BUSINESS WIRE, Samsung DDR2 Ready To Support Market For Next Generation
PCs and Servers, September 16, 2003. 8. IEEE, INC, "chip select," IEEE Standard
Dictionary of Electrical and Electronic Terms, 5th Ed., 1993.

818.

WESTE, NEIL HE. et al., "CMOS VLSI Design: A Circuits and Systems
Perspective." 3rd Edition, 2005. 4 pages.

819.

WESTE, NEIL H.E. et al., "CMOS VLSI Design: A Circuits and Systems
Perspective." 4thEdition, 2011. 4 pages.

820.

SMITH, VAN. "Kentron Q&A." Van's Hardware, www.vanshardware.com, December 3,
2001, 4 pages.

821.

U.S. District Court Northern District of California, Case No. 4.13-cn-05889-YGR,
Netlist Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Joint Claim
Construction and Prehearing Statement Pursuant to Patent L. T. 4-3, filed August 27,
2014, in 28 pages

822.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Corrected
Joint Claim Construction and Prehearing Statement Pursuant to Patent L.R. 4-3,
including Exhibit A, filed August 27,2014, 28 pages.

823.

U.S. Court of Appeals for the Federal Circuit, Decision on Appeal for Reexamination
Control No. 95/001,381, filed November 13, 2015, 14 pages

824.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Defendant Netlist, Inc.'s Claim Construction Reply Brief, filed Sep. 22,
2009 in 19 pages. cited by other.

825.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Defendant Netlist, Inc.'s Opening Claim Construction Brief, filed Jul. 28,
2009 in 21 pages. cited by other.

826.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Defendant Netlist, Inc.'s Opposition to Google Inc's Motion for Summary
Judgment of Invalidity, filed Jul. 6, 2010 in 13 pages. cited by other.

827.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Exhibit A To Joint Claim Construction And Prehearing Statement, filed
Jun. 12, 2009 in 2 pages. cited by other.

Examiner
Signature

Date
Considered

Petitioners

Ex. 1059, p. 148



INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form 1449-PTO

Electronically filed December 11, 2021

Application Number

17/403.832

Filing Date

August 16, 2021

First Named Inventor

Jefferey C. Solomon

Art Unit

2139

Examiner Name

TBD

Sheet | 43 |  of | 47

Attorney Docket Number

NL023-02US02

828.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Exhibit B to Joint Claim Construction and Prehearing Statement, filed Jun.
12, 2009 in 36 pages. cited by other.

829.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Joint Claim Construction and Prehearing Statement, filed Jun. 12, 2009 in
5 pages. cited by other.

830.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Netlist, Inc.'s Answer to Complaint and Counterclaims, filed Nov. 18, 2008
in 9 pages. cited by other.

831.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Order Re Claim Construction, filed Nov. 16, 2009 in 1 page. cited by other.

832.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Plaintiff Google's Reply to Counterclaims, filed Dec. 8, 2008 in 4 pages.
cited by other.

833.

U.S. District Court Northern District of California, Case No. CV08 04144, Google Inc. v.
Netlist, Inc., Stipulation Re: Additional Agreed-Upon Claim Constructions, filed Oct. 28,
2009 in 3 pages. cited by other.

834.

U.S. District Court Northern District of California, Case No. CV08 04144, GOOGLE INC.
vs. NETLIST, INC., [Redacted] Google Inc.'s Responsive Claim Construction Brief, filed
Aug. 25, 2009 in 30 pages. cited by other.

835.

U.S. District Court Northern District of California, Case No. CV08 04144, GOOGLE INC.
vs. NETLIST, INC., Amended Exhibit A To Joint Claim Construction And Prehearing
Statement, filed Oct. 28, 2009 in 1 page. cited by other.

836.

U.S. District Court Northern District of California, Case No. CV08 04144, GOOGLE INC.
vs. NETLIST, INC., Appendix 1 To Google's Responsive Claim Construction Brief, filed
Aug. 25, 2009 in 4 pages. cited by other.

837.

U.S. District Court Northern District of California, Case No. CV08 04144, GOOGLE INC.
vs. NETLIST, INC., Attachment 2 To Exhibit B To Joint Claim Construction And
Prehearing Statement, filed Jun. 12, 2009 in 12 pages. cited by other.

838.

U.S. District Court Northern District of California, Case No. CV08 04144, GOOGLE INC.
vs. NETLIST, INC., Complaint for Declaratory Relief, filed Aug. 29, 2008 in 49 pages.
cited by other.

Examiner
Signature

Date
Considered

Petitioners
Ex. 1059, p. 149




Electronically filed December 11, 2021

INFORMATION DISCLOSURE Application Number 17/403.832
STATEMENT BY APPLICANT Filing Date August 16, 2021

First Named Inventor Jefferey C. Solomon

Substitute for Form 1449-PTO Art Unit 2139

Examiner Name TBD

Sheet |

44 | of ] 47 Attorney Docket Number | NL023-02US02

839.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.
Google, Inc., Complaint For Patent Infringement, filed Dec. 4, 2009 in 47 pages. cited
by other.

840.

U.S. District Court Northern District of California, Case No. CV09 05718, NETLIST, INC.
vs. GOOGLE, INC., Defendant Google Inc's Responsive Claim Construction Brief, filed
Aug. 4, 2010 in 27 pages. cited by other.

841.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.
Google, Inc., Exhibit A to Joint Claim Construction and Prehearing Statement under
Patent L.R. 4-3, filed Jun. 25, 2010 in 2 pages. cited by other.

842.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.
Google, Inc., Exhibit B to Joint Claim Construction and Prehearing Statement under
Patent L.R. 4-3, filed Jun. 25, 2010 in 23 pages. cited by other.

843.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.
Google, Inc., Google's Answer to Plaintiff's Complaint for Patent Infringement; and
Assertion of Counterclaims, filed Feb. 12, 2010 in 13 pages. cited by other.

844.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.
Google, Inc., Joint Claim Construction And Prehearing Statement Under Patent Local
Rule 4-3, filed Jun. 25, 2010 in 5 pages. cited by other.

845.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.

Google, Inc., Plaintiff Netlist, Inc.'s Reply to Defendant Google Inc.'s Counterclaim,
filed Mar. 8, 2010 in 11 pages. cited by other.

846.

U.S. District Court Northern District of California, Case No. CV09 05718, Netlist, Inc. vs.

Google, Inc., Plaintiff Netlist, Inc's Opening Claim Construction Brief, filed Jul. 16, 2010
in 29 pages. cited by other.

847.

U.S. District Court Northern District of California, Case No. CV08 04144, GOOGLE INC.
vs. NETLIST, INC., Attachment 1 to Exhibit B To Joint Claim Construction And
Prehearing Statement, filed Jun. 12, 2009 in 7 pages.

848.

MetaRAM, Inc. v. Netlist, Inc. No. 3:09-CV-01309-VRW, MetaRam's Reply to Netlist's
Counterclaims, (N.D. Ca. Filed Jun. 3, 2009).

849.

MetaRam, Inc. v. Netlist, Inc., No. 3:09-CV-01309-VRW, Netlist's Answer to Complaint
and Counterclaims, (N.D. Ca, filed May 11, 2009).

850.

MetaRAM, Inc. v. Netlist, Inc., No. C09 01309, Complaint for Patent Infringement,
(N.D. Ca. Filed Mar. 25, 2009).

Examiner
Signature

Date
Considered

Petitioners

Ex. 1059, p. 150



INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Substitute for Form 1449-PTO

Electronically filed December 11, 2021

Application Number

17/403.832

Filing Date

August 16, 2021

First Named Inventor

Jefferey C. Solomon

Art Unit

2139

Examiner Name

TBD

Sheet | 45 | of | 47

Attorney Docket Number

NL023-02US02

851.

Netlist, Inc. v. MetaRam, Inc., No. 09-165-GMS, MetaRAM, Inc.'s Answer and
Affirmative Defenses to Plaintiff's Complaint, dated Apr. 20, 2009.

852.

Netlist, Inc. v. MetaRAM, Inc., No. 1:09-ccv-00165-GMS, Complaint for Patent
Infringement, (D. Del. Filed Mar. 12, 2009).

853.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Smart
Storage Systems, Inc.’s Invalidity Contentions, dated June 6, 2014

854.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits F.1-
F.5 to “Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.

855.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits G.1-
G.6 to “Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.

856.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibit H to
“Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.

857.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Diablo
Technologies, Inc.’s Invalidity Contentions, dated June 6, 2014.

858.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits F-1
to F-5 to “Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

859.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits G-1
to G-6 to “Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

860.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibit H to
“Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

861.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Smart
Storage Systems, Inc.’s Invalidity Contentions, dated June 6, 2014

862.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits E.1-
E.7 to “Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.
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863.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Diablo
Technologies, Inc.’s Invalidity Contentions, dated June 6, 2014.

864.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systemes, Inc., and Diablo Technologies, Inc., Exhibits D-1
to D6 to “Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

865.

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
Inphi Corporation, Complaint For Patent Infringement, filed Sep. 22, 2009 in 10 pages.
cited by other.

866.

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Defendant Inphi Corporation's Answer to Plaintiff's Complaint for
Patent Infringement, filed Nov. 12, 2009 in 6 pages. cited by other.

867.

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Defendant Inphi Corporation's Answer to Plaintiff's First Amended
Complaint for Patent Infringement, filed Feb. 11, 2010 in 9 pages. cited by other.

868.

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Defendant Inphi Corporation's Notice of Motion and Motion for
Stay Pending Reexaminations and Interference Proceeding Regarding the Patents-In-
Suit; Memorandum of Points and Authorities in Support Thereof, filed Apr. 21, 2010 in
28 pages. cited by other.

869.

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Plaintiff Netlist Inc's Opposition to Defendant Inphi Corporation's
Motion for Stay Pending Reexaminations and Interference Proceedings Regarding the
Patents-In-Suit, filed May 3, 2010 in 23 pages. cited by other.

870.

U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
Inphi Corporation, Plaintiff Netlist, Inc's First Amended Complaint For Patent
Infringement, filed Dec. 23, 2009 in 8 pages. cited by other.

871.

US District Court Civil Docket; Netlist Inc. v. Google Inc.; 4:09cv5718; Date filed Dec. 4,
2009. In 10 pages. cited by other.

872.

U.S. Court of Appeals for the Federal Circuit, Decision on Appeal for Reexamination
Control No. 95/001,381, filed November 13, 2015, 14 pages

873.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Corrected
Joint Claim
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874. | Construction and Prehearing Statement Pursuant to Patent L.R. 4-3, including Exhibit
A, filed August 27, 2014, 28 pages.

875. | Notice of Allowance, U.S. Pat. App. No. 12/504,131, February 12, 2013, 52 pages

876. | Non-Final Office Action, U.S. Pat. App. No. 12/761,179, September 13, 2012, 20 pages

877. | Response to non-final office action dated September 13, 2012 for U.S. Patent
Application No. 12/761,179, filed March 13, 2013, 16 pages

878. | Notice of Allowance, U.S. Pat. App. No. 12/761,179, July 11, 2013, 37 pages

879. | Non-Final Office Action, dated January 2, 2014, for U.S. Pat. App. No. 13/287,042 filed
November 1, 2011, 42 pages

880. | Response to Non-Final Office Action dated January 2, 2014 for U.S. Pat. App. No.
13/287,042, filed April 2, 2014, 12 pages

881. | Non-final office action, U.S. Patent Application No. 13/288,850, October 14, 2013, 24
pages

882. | Response to non-final office action dated October 14, 2013 for U.S. Patent Application
No. 13/288,850, filed January 14, 2014, 15 pages

883. | Non-final office action, U.S. Patent Application No. 13/411,344, December 31, 2013,
28 pages

884. | Response to non-final office action dated 12/31/2013 for U.S. Patent Application No.
13/411,344, filed March 31, 2014, 12 pages

885. | Non-Final Office Action, U.S. Pat. App. No. 13/412,243, January 2, 2014, 20 pages

886. | Non-final office action, U.S. Patent Application No. 13/473,413, November 17, 2011,
46 pages

887. | Office Action mailed April 2, 2014, for Japanese Patent Application No. JP 2012-
520662 and English translation thereof, 7 pages

888. | Written Opinion for International Application No. PCT/US2010/040826, date of
mailing October 24, 2011 (NETL.048VPC) in 7 pages.

889. | International Preliminary Report on Patentability for International Application No.
PCT/US2010/040826, date of mailing November 28, 2011 (NETL.048VPC) in 34 pages.

890. | International Search Report and Written Opinion for Related Application No.
PCT/US2010/040826, mailed on September 27, 2010, in 15 pages.

891. | International Search Report and Written Opinion, PCT Application No.
PCT/US2011/059209, January 31, 2013

Examiner Date
Signature Considered

Petitioners

Ex. 1059, p. 153



Electronic Acknowledgement Receipt

EFS ID: 44492794

Application Number: 17403832
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Confirmation Number: 3549
Title of Invention: MEMORY MODULE WITH DATA BUFFERING
First Named Inventor/Applicant Name: Jefferey C. Solomon
Customer Number: 79141
Filer: Jamie Jie Zheng
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Attorney Docket Number: NL023-02US02
Receipt Date: 11-DEC-2021
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Application Type: Utility under 35 USC 111(a)
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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.

Petitioners
Ex. 1059, p. 155



Application of:

Serial No.:

Filed:

For:

Electronically filed December 11, 2021

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Jefferey C. SOLOMON Confirmation No.: 3549
17/403,832 Group Art Unit: 2139
August 16,2021 Examiner: TBA

MEMORY MODULE WITH DATA Attorney Docket No.:  NL023-02US02
BUFFERING

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

1.

In accordance with the duty of disclosure provisions of 37 C.F.R. §1.56, there is hereby provided
certain information which the Examiner may consider material to the examination of the subject U.S.
patent application. It is requested that the Examiner make this information of record if it is deemed
material to the examination of the application.

Enclosures accompanying this Information Disclosure Statement are:

la.

Ib.

Ic.

1d.

X A list of all patents, publications, applications, or other information submitted for
consideration by the office.

A legible copy of:
[] Each foreign patent;
] Each publication or that portion which caused it to be listed on the PTO-1449;

[] For each cited pending U.S. application, the application specification including the
claims, and any drawing of the application, or portion of the application which caused it
to be listed on the PTO-1449 including any claims directed to that portion;

[] all other information or portion which caused it to be listed on the PTO-1449.

] An English language copy of search report(s) from a counterpart foreign application
or PCT International Search Report.

[] Explanations of relevancy (ATTACHMENT 1(d). hereto) or English language
abstracts of the non-English language publications.
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3a.

3c.

O

4a.

4b.

4c.

This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b):

[] Within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);

[] Within three months of the date of entry of the national stage as set forth in §1.491 in
an international application;

X Before the mailing of the first Office action on the merits;

[] Before the mailing of a first Office action after the filing of a request for continued
examination under §1.114.

This Information Disclosure Statement is filed under 37 C.F R. §1.97(c) after the period
specified in 37 C.F.R. §1.97(b), but before the mailing date of any of a final action under
37 CF.R. §1.113, anotice of allowance under 37 C.F.R. §1.311 or an action that
otherwise closes prosecution in the application.

(Check either Item 3a, 3b, 3c or 3d)

[] The Certification Statement in Item 5 below is applicable. Accordingly, no fee is
required.

[] The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

] The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

] The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10USO01).

(Items 3b or 3c to be checked if any reference known for more than 3 months)

This Information Disclosure Statement is filed under 37 C.F.R. §1.97(d) after the period
specified in 37 C.F.R. §1.97(c), but on or before the date of payment of the issue fee.

(Check Item 4a, and 4b, 4c or 4d)
[] The Certification Statement in Item 5 below is applicable.

[] The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CFR. §197(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

[] The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10USO01).
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4d.

Sa.

5b.

5d.

7a.

7b.

] The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

Certification Statement (applicable if Item 3a or Item 4a is checked)
(Check either Item 5a, 5b, 5c or 5d)

] In accordance with 37 C.F.R. §1.97(c)(1), it is certified that each item of information
contained in this information disclosure statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three
months prior to the filing of this Information Disclosure Statement.

] In accordance with 37 C.F.R. §1.97(¢)(2), it is certified that no item of information
contained in the information disclosure statement was cited in a communication from
a foreign patent office in a counterpart foreign application, and, to the knowledge of
the person signing the certification after making reasonable inquiry, no item of
information contained in the information disclosure statement was known to any
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing
of this information disclosure statement.

] Each item of information contained in this information disclosure statement was cited
in a communication from a foreign patent office in a counterpart application, and the
communication was not received by any individual designated in 37 C.F.R. §1.56(c)
more than thirty days prior to the filing of this information disclosure statement.

(] Pursuant to 37 C.F.R. §1.704(d), each item of information contained in this
information disclosure statement was cited in a communication from a foreign patent
office in a counterpart application, and the communication was not received by any
individual designated in 37 C.F.R. §1.56(c) more than thirty days prior to the filing of
this information disclosure statement.

Copies of each cited U.S. patent and each U.S. patent application publication are not
enclosed pursuant to the USPTO OG Notice dated 05 August 2003 waiving the
requirement under 37 C.F.R. 1.98(a)(2)(1) for U.S. patent applications filed after June 30,
2003.

This application is a continuation application under 37 C.F R. §1.53(b) or (d).
(Check appropriate Items 7a, 7b and/or 7c)

] A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed
herewith.

X Copies of publications listed on Form PTO-1449 from prior application Serial Nos.
15/857,519, filed on December 28, 2017, 14/715,486, filed on May 18, 2015;
13/971,231 , filed on August 20, 2013; 13/287,081 , filed on November 1, 2011;
13/032,470 , filed on February 22, 2011; 12/955,711 , filed on November 29, 2010;
12/629,827 , filed on December 2, 2009; 12/408,652 | filed on March 20, 2009;
11/335,875 , filed on January 19, 2006; 11/173,175 , filed on July 1, 2005,
11/075,395 |, filed on March 7, 2005, of which this application claims priority under

3
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10.

11.

Date:

Tc.

8a.

9a.

9b.

9c¢.

35 U.S.C. §120, are not being submitted pursuant to 37 C.F.R. §1.98(d).

[ ] Copies of the publications listed on the attached Form PTO-1449 that were not
previously cited in prior application Serial No. , filed on , are provided
herewith.

This is a Supplemental Information Disclosure Statement. (Check Item 8a)

[] This Supplemental Information Disclosure Statement under 37 C.F.R. §1.97(f)
supplements the Information Disclosure Statement filed on . A bona fide
attempt was made to comply with 37 C.F.R. §1.98, but inadvertent omissions were
made. These omissions have been corrected herein. Accordingly, additional time is
requested so that this Supplemental Information Disclosure Statement can be
considered as if properly filed on

In accordance with 37 C.F R. §1.98, a concise explanation of what is presently
understood to be the relevance of each non-English language publication is:

( Check Item 9a, 9b, or 9¢c)

[] satisfied because all non-English language publications were cited on the enclosed
English language copy of the PCT International Search Report or the search report
from a counterpart foreign application indicating the degree of relevance found by
the foreign office.

[] set forth in the application.

[] enclosed as an attachment hereto.

The Commissioner is authorized to charge any additional fee required or credit any
overpayment for this Information Disclosure Statement and/or Petition to Deposit
Account No. 60-3916 (order no. NL023-02US02).

No admission is made that the information cited in this Statement is, or is considered to
be, material to patentability nor a representation that a search has been made (other than a
search report of a foreign counterpart application or PCT International Search Report if
submitted herewith). 37 C.FR. §§1.97(g) and (h).

Respectfully submitted,

December 11, 2021 /Jamie J. Zheng/ 51,167

Jamie J. Zheng (Reg. No))
Customer No. 79141
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Electronically filed August 5, 2022
INFORMATION DISCLOSURE Application Number 17/403,832
CITATION Filing Date August 16, 2021
First Named Inventor Jefferecy C. SOLOMON
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBA
Sheet | 1 |  of | 5 Attorney Docket Number | NL023-02US02
PATENT DOCUMENTS
Document Number Pages, Columns, Lines,
Examiner Cite Publication Date | Name of Patentee or Applicant | Where Relevant Passages
Initials No. Number - Kind Code? MM-DD-YYYY of Cited Document or Relevant Figures
Appear
1 6185704 B2 2001-02-06 | Pawate
2 6493250 B2 2002-12-10 | Halbert
3 7363422 B2 2008-04-22 | Perego
4 7526597 B2 2009-04-28 | Perego
5 20020026600 A1 2007-07-17 | Jung
6 20020112119 A1 2002-08-15 | Halbert
7 20030174550 A1 2003-09-18 | Acharya
8 20040107326 A1 2004-06-03 | Janzen
FOREIGN PATENT DOCUMENTS
Foreing Patent
Document Pages, Columns, Lines,
Examiner Cite Country Code® — Publication Date Name of Patentee or Where Relevant T8
Initials No. Number* - Kind Code®(if | MM-DD-YYYY Applicant of Cited Document Passages or Relevant
known) Figures Appear
9 JP2003151273 A 2003-05-23 Koji Kato
10 | W02002025454A2| 2002-03-28 | John Halbert
NON PATENT LITERATURE DOCUMENTS
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Examiner X magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
Initials Cite No. country where published
11 | Inter Partes Review of US Patent No. 10489314, Case No. IPR2022-00744,
‘PETITION FOR INTER PARTES REVIEW’ filed March 30, 2022
12 | Inter Partes Review of US Patent No. 10489314, Case No. IPR2022-00745,
“PETITION FOR INTER PARTES REVIEW,” filed March 30, 2022
13 | Inter Partes Review of US Patent No. 10489314, Case Nos. IPR2022-00744 and
IPR2022-00745, 'Declaration of Dr. Vojin Oklobdzija,' filed March 30, 2022
14 | Inter Partes Review of US Patent No. 10489314, Case No. IPR2022-00744,
‘PATENT OWNER’S PRELIMINARY RESPONSE,’ filed August 3, 2022
15 | Inter Partes Review of US Patent No. 10489314, Case No. IPR2022-00745,
“PATENT OWNER’S PRELIMINARY RESPONSE,” filed August 3, 2022
Examiner Date
Signature Considered
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16

Inter Partes Review of US Patent No. 7619912, Case No. [IPR2022-00615,
‘PETITION FOR INTER PARTES REVIEW,’ filed February 27, 2022

17

Inter Partes Review of US Patent No. 7619912, Case No. IPR2022-00615,
‘Declaration of Dr. Andrew Wolfe,’ filed February 27, 2022

18

Inter Partes Review of US Patent No. 7619912, Case No. IPR2022-00615, ‘Patent
Owner’s Preliminary Response,” filed July 21, 2022

19

Inter Partes Review of US Patent No. 7619912, Case No. IPR2022-00615,
‘Declaration of Michael C. Brogioli, Ph.D,’ filed July 21, 2022

20

Inter Partes Review of US Patent No. 10,217,523, Case No. [PR2022-00063,
‘DECISION - Granting Institution of Inter Partes Review,’ issued May 5, 2022

21

Complaint for Patent Infringement, Netlist, Inc. v. Micron Technology, Inc., Micron
Semiconducior Products, Inc., and Micron Techoology Texas LLC, Case No, .21~
cv-00431-ADA (W D Tex Apr 28 2071}, 74 pages.

22

Netlist, Inc.’s Disclosure of Asserted Claims and Preliminary Infringement
Contentions to Defendants, Netlist, Inc. v. Micron Technelogy, lnc., Micron
Semiconducior Products, Inc., and Micron Techuology Texas LLC, Case No. 621~
cv-00431-ADA (W.D Tex. Sept. 10, 2021), 9 pages.

23

Netlist Inc.’s Preliminary Infringement Contentions, ‘Exhibit A - Infringement of
U.S. Patent No. 10,489,314 (the Solomon Patent),” MNetlist, inc. v. Micron
Technology, toc., Micron Semiconductor Products, e, and Micron Technology
Texas LLC, Case No. 6:21-cv-00431-ADA (W D Tex. Sept. 10, 2021), 150 pages.

24

Micron's Preliminary Invalidity Contentions in Netlist, Inc. v. Micron Technology,
Inc., Micron Semiconductor Products, Inc., and Micron Technology Texas LLC,
Case No. 6:21-¢cv-00431-ADA (W.D. Tex. Nov. 5, 2021), 38 pages.

25

Invalidity Chart for U.S. Patent No. 10,489,314 based on US Patent No. 6,185,704 to
Pawate et al., Netlist, Inc. v. Micron Technology, Inc., Micron Semiconductor
Products, Inc., and Micron Technology Texas LLC, Case No. 6:21-cv-00431 (W.D.
Tex. Nov. 5, 2021), 117 pages.

26

Invalidity Chart for U.S. Patent No. 10,489,314 based on U.S. Patent No. 6,493,250
to Halbert et al., Netlist, Inc. v. Micron Technology, Inc., Micron Semiconductor
Products, Inc., and Micron Technology Texas LLC, Case No. 6:21-cv-030431 (W.D.
Tex. Nov. 5, 2021), 172 pages.

27

Invalidity Chart for U.S. Patent No. 10,489,314 based on US Patent No. 6,526,473 to
Kim, Netlist, Inc. v. Micron Technology, Inc., Micron Semiconductor Products, Inc.,
and Micron Technology Texas LLC, Case No. ¢:21-cv-00431 (W.D. Tex. Nov. 5,
2021), 49 pages.
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28 | Invalidity Chart for U.S. Patent No. 10,489,314 based on US Patent No. 8,250,295 to
Amidi et al, Netlist, Inc. v. Micron Technology, Inc., Micron Semiconductor
Products, Inc., and Micron Technology Texas LLC, Case No. :21-cv-00431 (W.D.
Tex. Nov. 5, 2021), 166 pages.

29 | Invalidity Chart for U.S. Patent No. 10,489,314 based on US Patent Application
Publication No. 2001/0008006 to Klein, Netlist, Inc. v. Micron Technology, Inc.,
Micron Semiconductor Products, Inc., and Micron Technology Texas LL.C, Case No.
6:21-cv-00431 (W.D. Tex. Nov. 5, 2021), 163 pages.

30 | Invalidity Chart for U.S. Patent No. 10,489,314 based on US Patent Application
Publication No. 2002/0112119 to Halbert et al., Netlist, Inc. v. Micron Technology,
Inc., Micron Semiconductor Products, Inc., and Micron Technology Texas LLC,
Case No. &2 -cv-030431 (W.D. Tex. Nov. 5, 2021), 247 pages.

31 Invalidity Chart for U.S. Patent No. 10,489,314 based on US Patent Application
Publication No. 2005/0281096 to Bhakta et al, Netlist, Inc. v. Micron Technology,
Inc., Micron Semiconductor Products, Inc., and Micron Technology Texas LLC,
Case No. &:21-cv-00431 (W.D. Tex. Nov. 5, 2021), 517 pages.

32 | Invalidity Chart for U.S. Patent No. 10,489,314 based on B. Prince, “Application
specific DRAMs Today,” (2003), Netlist, Inc. v. Micron Technology, Inc., Micron
Semiconductor Products, Inc., and Micron Technology Texas LLC, Case No. 6:21~
cv-00431 (W.D. Tex. Nov. 5, 2021), 109 pages.

33 | Invalidity Chart for U.S. Patent No. 10,489,314 based on the DDR2 SDRAM
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MEMORY MODULE HAVING BUFFER FOR ISOLATING STACKED MEMORY
DEVICES

BACKGROUND OF THE INVENTION

Fig. 1 is a block diagram of a prior art memory system. The system of Fig. |
includes three memory modules 10, 12, and 14 that are coupled to a memory controller 16
through a bus 18. Each memory module is fabricated on a circuit board that plugs into a
connector 20 on a mother board 22. Each module includes multiple memory devices 24,
26, and 28 that are coupled to the bus 18 to allow the memory controller to access the
memory devices.

To increase the memory density of the modules, memory devices can be stacked
on top of each other, thereby increasing the memory capacity of each module without
increasing the space required on the circuit board. Stacking memory devices, however,
increases the capacitive loading of the signals on the bus. For example, from the
perspective of the memory controller 16, each data line in the bus 18 has a total
capacitance that equals the sum of the capacitance of each portion of the signal line
running through sections A, B, and C of the bus, plus the capacitance of the portion of the
data line in sections 30, 32, and 34 that couple the memory devices to the bus, plus the
sum of the input capacitance of all of the memory devices (which are attached to sections
30, 32, and 34 in parallel). If additional memory devices are stacked on devices 24, 26,
and 28, then the capacitance of the additional devices are added to the total capacitance
seen by the controller. Therefore, when the memory controller drives a data signal onto
the bus, it must overcome the combined capacitance of all of the stacked memory devices.
This heavy capacitive loading reduces the maximum operating speed and increases the

power consumption by the memory system, especially at higher operating frequencies.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a prior art memory system.

Fig. 2 is a block diagram of an embodiment of a memory module in accordance

- with the present invention.

Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a

memory module in accordance with the present invention,
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Fig. 4 is a block diagram of an embodiment of a memory system in accordance

with the present invention.

DETAILED DESCRIPTION

Fig. 2 is a block diagram of an embodiment of a memory module 100 in
accordance with the present invention. Module 100 includes a first memory device 104
which is mounted on a circuit board 108. A second memory device 106 is stacked on top
of the first memory device to form a stack 102, A buffer 110 is mounted on the circuit
board and electrically coupled to the memory devices 104 and 106 through signal lines
112. A connector 114 is attached to the circuit board for coupling the memory module to
a bus that leads to a memory controller on another circuit board, e.g., a computer mother
board. The buffer 110 is arranged to capacitively isolate the stack of memory devices
from the bus, Therefore, the capacitive loading seen by a memory controller (or other
device) driving the bus is reduced. This increases the maximum operating speed of the
memory module and reduces power consumption. '

The buffer 110 sends and receives signals to and from the memory controiler
through connector 114 over signal lines 120. In a preferred embodiment, the buffer 110 is
designed to receive signals from the memory controller over a first bus and redrive them
back out the connector over signal lines 122 (shown in broken lines) and to a second
memory module over a second bus.

Fig. 3 is a side view showing the mechanical arrangement of an embodiment of a
memory module in accordance with the present invention. The stack 102 can be extended
to include additional memory devices (shown in broken lines). Additional stacks can also
be added, and they can be buffered by the first buffer 110, or a separate buffer can be used
for each stack.

Fig. 4 is a block diagram of an embodiment of a memory system in accordance
with the present invention. The system of Fig. 4 includes two modules 100A and 100B
coupled to a memory controller 116 on a computer mother board 117 throngh a bus system
118 which includes buses 118A and 118B. The modules may be coupled through
connectors 130A and 130B which plug into connectors 132A and 132B, respectively, on
the mother board. Each module a stack of memory devices 102A,102B and a buffer
110A,110B that isolates the corresponding stack from the bus system. In the example of

2
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Fig. 4, the modules are coupled to the memory controller in a point-to-point arrangement.
That is, the memory controller 116 is coupled to module 100A, which is designed to
receive signals from the memory controller and redrive them to module 100B. The use of
point-to-point wiring further reduces the capacitive loading seen by the memory
controller. Alternatively, the modules 110A and 110B and memory controller 116 may be
coupled together in a multi-drop arrangement in which both of the modules are essentially
coupled in paral[él on a single bus.

The memory controller 116 is shown in Fig. 4 as part of a central processing unit
(CPU) 126, however, it may alternatively be implemented as one chip of a chipset, or in
any other suitable form. The memory system shown in Fig. 4 includes two memory
modules for purposes of illustration, but may be implemented with only a single memory
module or with any number of modules. The buffers need not be mounted on the memory
modules, but can also be mounted on the mother board or any other device on which the
bus system resides. Moreover, the stacks of memory devices need not be mounted on
modules. Instead, an entire memory system in accordance with the present invention may
be fabricated on a single circuit board including the memory controller, bus, stacks of
memory devices, and buffers arranged to capacitively isofate the stacks from the bus. The
advantages of the present invention can be realized wherever memory devices are stacked
by buffering the stack from other components, thereby reducing the capacitance load seen
by the other component.

Having described and illustrated the principles of the invention in some preferred
embodiments thereof, it should be apparent that the invention can be modified in
arrangement and detail without departing from such principles. We claim all

modifications and variations coming within the spirit and scope of the following claims.
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CLAIMS

1. A memory system comptising:
a first memory device;
a second memory device stacked on the first memory device; and

a buffer coupled to the first and second memory devices.

2. A memory system according to claim 1 further comprising a third memory

device stacked on the second memiory device and coupled to the buffer.

3. A memory system according to claim 1 further comprising a bus coupled to
the buffer.
4. A memory system according to claim 3 further comprising a memory

controller coupled to the bus.

5. A memory system according to claim 1 wherein the buffer is a first buffer
and further comprising:

a third memory device;

a fourth memory device stacked on the third memory device; and

a second buffer coupled to the third and fourth memory devices and to the first
buffer.

6. A memory system according to claim 5 wherein the first buffer is adapted

to receive a signal and redrive the signal to the second buffer.

7. A memory system according to claim 5 wherein the first buffer is adapted

to receive a plurality of signals and redrive the plurality of signals to the second buffer.

8. A memory system according to claim 5 further comprising a memory

controller coupled to the first buffer.
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9. A memory system according to claim 8 wherein the memory controller, the

first buffer, and the second buffer are coupled together in a multi-drop arrangement.

10. A memory system according to claim 8 wherein the memory controller, the

first buffer, and the second buffer are coupled together in a point-to-point arrangement.

11. A memory module comprising:

a first memory device;

a second memory device stacked on the first memory device; and

a buffer coupled to the first and second memory devices and arranged to

capacitively isolate the first and second memory devices from a bus.

12. A memory module according to claim 11 further comprising a connector

attached to the module and adapted to couple the module to a bus.

13. A memory module according to claim 11 further comprising a third

memory device stacked on the second memory device and coupled to the buffer.

14. A memory module according to claim 11 wherein the memory module is
adapted to receive a signal from the bus and to redrive the signal to another memory

module.

15. A memory module according to claim 11 wherein the memory module is
adapted to receive a plurality of signals from the bus and to redrive the plurality of signals

to another memory module.

16. A memory module according to claim 11 wherein the buffer is adapted to

receive a signal from the bus and to redrive the signal to another memory module.

17. A memory system comprising:
a bus;

a stack of memory devices; and
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a buffer coupled between the stack of memory devices and the memory bus.

18. A memory system according to claim 17 further comprising:
a second stack of memory devices; and

a second buffer coupled between the second stack of memory devices and the bus.

19. A memory system according to claim 17 wherein the buffer is a first buffer

and further comprising:
a second stack of memory devices; and

a second buffer coupled between the second stack of memory devices and the first

buffer.

20. A memory system according to claim 17 further including a memory

controller coupled to the bus.

21. A memory system according to claim 17 wherein the stack of memory

devices is mounted on a memory module.

22. A memory system according to claim 21 wherein the buffer is mounted on

the memory module.

23. A memory system according to claim 21 wherein the bus is fabricated on a

circuit board and the buffer is mounted on the circuit board.
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the mamory ceif via one 5 £ wiite commands are

ing 1o the address

After the read / write com o is complated,

At the rising edge of the svstam clock CLK (with a few CLK datay from the raa

7 write command), 8 precharge command is apph
<t 10 the initial siate {preparing for the

o raset (ag

activated word

SENSE AN

e anct bit tine, and the memory amay he

xt active command).

tttakes an internal i

prechargs comemand.

until the reset operation, and it i3 necessary to wait {wait} for sev
i CfLK from the &

3l CLKs in arder 1o apply the naxt active command fram the
tive command 1o tha read / wiite ommimand.

necessary # delay (wait) sev

nough the aumber of inpis put Bits of the memaory amay is 1 for simpi

Ir1 this case, n sense amp 2 gimultanesusly selected by the ¥ address. £ HEC] amp:xﬂer is connecked oo ! /O port

The depth ofthaYa ae length. In response 1o one aotive command, the memany de
nse amplifiers. For example, in the case of an SBRAM in which the ¥ address is 581 10 8 Bits (YA <0 7>}

= O bus width, stleast 8,762 (= 256 lers operate in response 1o the active com

amp

The SDRAM latches infonmation of a plurality of memory cells connected to s word line selected by an active command in g plurality of sense s

read cor
ficre speo:
address that is input 31 the same time 33 tha coms
hers accessed whila the X address is fixed. Such an operation is cal
mamory calfi 6

st input st any tme, Therefore, by activating

n2 word line, the information of the memory cells fo

cally, for each read 7 wiite command that

!” at an srbitrary Y ad s. That is, the X address
siion can he :>imi!arty writian to the

omly

o & wiite corarnand.

Digrary Y add

in this Y address pricrity ope ir nfo the advantage of random access, it is possiblv sentiv use a ;:Eurjmy of data latched in each seng

amgplifier of the sense ampiifier c;rouo which o
amplifier (phurab bit ling

23 by one active command. .

Ccess 1o the manory o .’:f.luded in page 756,

Therefore, the curent consumption required fo is g value obtained by dividir 13 he currant o

ansumption due to the chage /4

ine and the charge / discharge of the bit line by the mber of accesses

page activated at the sama time:

5, the current consumption of the SDRAM por socess decreasas

¥ addrass priority operation, the number of clocks required front appdi
s from spplics
£ onstput bus {data occupancy) is high, and the 2ff
Y, the greater the fatency that must be taken.

i 84, the data cocupation rate of the inpat / output bus can be inon

ion of the active commsand o the read / write conr

“inang are The ¢

ion of the precharge command © the ne

wy of the |/ G bus:

s the systemis good. For these, the higher the system clock freguency (higher

{oms]

By the way, the SDRAM
Depending onthe o
Access from @ single active command 1o the precharge command, the number of reads / r2

2, continuous 4 bits
it is fess than the p:

mer's system that uses, tha bit length to be accessed is small (for examp

§ bits), SDRAM by such a g
tength.

The wri
The address i

serformed and X is generatad by the next activa command.

For convanience, such an operation is performs

This ts oslled address priodty opergtion. inthis operation, the sense amplifier gotivated by one sctive conamand s n

For example, the Y address is changed (the X add

g is conslam) and four i

Y
ters (€192).
Current} {including the charge / discharge currant of the bit line by the sanse amplitier). T

fine selected by the X address and the number of sctivated sense amy

assing one memory cait is P v}/ 4.

i the other hand, when the X addresg is © {the ¥ address is arbitiaiy) 10 avoess
is changad. Therefore, in the case of ¢

mption for acces

=g

reguired every time the X addr
%P {y}}, and the curp

i caitis P

[=] G Ofe men v}

il

Therefore, in the case of 5 system or annd hich fraquently uses the X ac s priority ope a memory device having a shaflow Y addre

nurrher of pagas) and a deep X adc

Hod of the s
is usad, the access spaed may be extremely slow

Howaver, the X address pricrity cperation and the ¥ address pricrity cperation may be mixad depending on the ace
ice having a shallow Y ada

device and the step of the spplication. i such a case, it a memory ¢

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+

2 current and one \piur"h S

8/3/22, 4:01 PM

from the active command}, the Y

the page length can be appropriately read cut.
2, the ¥ decoder is usad 1o szlect a sense amplifior 1 any tine according to the Y

en s

2 of the Thereioreg, the ratio of data gecupying the ingut

of one word

ing the memory
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he groess order, which hinders the sp iy shaliow X address his

On the othier hand, using & mamory davice wi

having differant depths of the

produers, S0 that the memaory devices cannact be simply replaced, For this raasor

device is mounted, which causes an increase in o {onger development period.

}L
MMy o

er, when a iarge current consumption opsration such as an X address priorily operation is repested, i
ice may b increased. In this case, the 3t retention characieristic deteriorates due o the tan e rigs, and the refr

of

at3 retention operation, must be frequantly pertormed. Then, the chip tamperat: he sum of the temy;

and the self-hesting due o the ref ce, which ieads 1 the deterioration of the retertion charactenistic and

esh oparation of the

nory dey

12 ho!

urkher, when the
12

increase of the current consurmption due to the frequent refresh operation g operation is performed asy

the control of the custorner system side {sali-efresh operation), the busy 1 which the refresh operation doss not respond 1o

increases, and the system performanas increases, Decrease {the daia occupancy of the | / G bus decreases).

The presant invention has been made to solve the shove poblerns, and sn object of the present inve

the package. Internal control method, s

tion is W0 provide 5 storaga dev

which osn achieve efiicient access and raduction of cuent consurmstion without chan starn,

Another ohiject of

sent invention is 10 provide & my d of controfiing storage means in the sysiem.

According 10 the i

second address ara provides.

A rnernory devio fs are arranged in an avay by an addrese has a st address

Either an address terminat for taki

in an address at the same time is provided, or an address termingt bavi
wit

man of the memory celt aray.

3 & farger n

2

the first address or the second address ba

second address is provided. Then, the storage device replaces a part of the extemal addre

form information that o

:s the shape of the logical address

i

o the st of the invention, ¢ on the

ge device invaslidates the external address or a part thereof ba

) 5

information for changing the fogical address map shape of the memony

et array.

0 the fifth and seventh aspecis of the present invention, sithe

is provided, or the M-Bit first 3¢cdress and the N-bit first addrs wssing a memaory celf

cling the m

arn

ond

« genarates an bt inciea

s friaf shape of the me:
o inforsmation in g time divi

m 5

inn 1o the aperstion of the invention

and the code information by the control signal

ialegi)

£EST MODE FOR CARRY!

BT THE INVENT

ent of the prasent

FiG
iz a block i

RAM} 1.
aining the outline of 8. The memory device 13 is conn

shows 2 memorny devi

rarmn for exg d 10 a CPU {not shown), and the

Gives the a¢ e infore

fthas afi

71 13 the memory device 10 once or befors access i started. The memory device 10

of o

the logical addres:

The logical addiess
the memory device 19
The dapth of the

e raasimary value of the Xad
L Aayd
Hally the same memary capacity.

The memuory device 104
the ¥ addre
The memory device 19

v using a3 ity of logicat address map st
s a standardized memory device having substan

from the

ity of 54 Mbits (3717 Q, 4-bank structura} genarally {(standard} has 0.5 MB memory oells foreach i/ Qin

plurst (256§
Arg arrayed by b

nieg. And 8D

device such as a RAM s ©

A WSy

rad 10 t3kes in an X address and @ ¥ address by an address muitipiexing methoed. Therefors, a typic

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+

ure {junction temperaturs) of the

fyrihar

and a storage devie

second addres
i of the first address and the

3y it which memory ce!
ory oot array are provided. In the ahove

8/3/22, 4:01 PM

reduction of

,whichisa
ture rise dus 1o the ancess o the memory devics

<.

on the access

{orm

by taking in the #-bit first address and the N-bit

by any one of the address, the decoder

1t Therefore,

and the maximum value of

ach
are plural {2648 lines) sefected by an 171-bit row address (K address} and

memary device

Page 4 of 21

Petitioners
Ex. 1059, p. 178



JP2003151273A - Storage device, internal control method for storage ...em, and control method for storage means in system - Google Patents

ping from which a 13-bit X
(nf which, 3 Z-bit bank address)

and a Y addmss are fetched in 2 time division manner,

e 10 wi

t the memory devi

dascribed. The memaory devize 10 includes the
:;

an addrass bufar 13, sn ingut / output buffer 14, 3 comrol sign 5 mode register 14, an address

7 11 inpats the clock enable signat CKE and the axtemal clock signat CLK from an external devics and outputs the
generated based on them to each circuil,

The command decoder 12 respon sl CLK i resnonse 1o an extemal

that is, the clock sig

10 the internal clock sigral CLICT from the clook biifer 17,

COY L from an externet dev

£nter the OM. in the prasent embod

enabie sigs

H/WE and a row address strobe signal / RAS. Then, the command decoder 17 responds 1o the internal claok signal CLET at that time by the

2xtarnal command COM

o the shane (H e
worn the external conwnand COM as a

Thatis, various comrmands such as 8 wiite command, @ read command, and a refy

CAS,/WE, /08, / RAS Then the

mmsnd decoder 17 uses the various commands decoded §

vt buffer 14, the controd signal la

r

e gigaal and the like, the address bulfer 13, the input / sutp
it outpuis 1 the mode register 16 and the |/ C controd circuit 18

s @ buifer function and 3 fatch function, and based on an internal command from the command der

senl,

The address buife

from: an externa
10 and bank addres
The address buffe
A48 and bark
regisier 16 and the addrcss generati

ddress signals AD
e amplified, ard

data based on therm are laiched, 2 ulput to the control signal 315, the o

The inpul / outpst buiter T4 s activaled based on the enable

nat DOAM from an externat device. The input 7 output buffer 14 is regponsive 1o the internal clock signal CLKT 1o wiite data DOCG o DO
3 output (e the |/ O control cirouit TR Further, the input / output buffer 14 responds o ek signal CLK with the |

Read data DO3 40 DO3Y fromthe / C r:c-n[:ol [SIREURE:
o an external device, Further, the input / cutput butfer 14 s

uts the intermal command from the command

The contrl signal latch 15 &
© 5 outputs contr
based on these inlemal commands and address data. Toda

it fatch

aigtions regd, ref

i signals for various processis

The mode regisier 16 inputs the intemat comma

13. Then, the mode srnines the BRAM core 1 based on these internal commands snd address data.

ing operations 1o be carred out for 9. Then, the mode regigter 16 oup o signat based on the held mode

The mods information held by the ister 16 includes 3 ¢

s form information. The access form information is information indicating the fogi

atldlress yran gh

pre of the DRAM core 16, The mode register 15 ouiputs an address ¢
informnation 1o the add 7.

tion selection signal genersted based on the access form

235 ¢

The address gen
17

i circuit 17 inpuls address data based on the address signals AD to A10 from the address buffer 15, T

o the cotunmn addr

made of the moda ragister 16 and the addrass configuration se ignal, the row :

< fogical add map shane of the DRAM core 19 gt that ime sre output 1o the DRAM core 16, The add genaration o

the made s

g column address incramented from an input address hased on the burst tength set i

mal clock signal CLKY

signat from the command decoder 12, and raceives write data DGO 0 DG3T and g mask contrs

data from the address buffer 13. Then, the controd

data generated
i7hss g

8/3/22, 4:01 PM

cireuit 17, 8

i, the external command COM is composed ¢f a chip salect signal / 08, a column address strobe signal / CAS, & write

arnal command and an

s signal AD-A

, and self refresh o the DRAM core 18

e register set command) from the command decoder 12 snd the addresa data from the address buifer

25, the: address generation circuit

The |/ C control circuit 1€ controls input or oulput based on the infernal command from the command decoder 12. The |/ 0 caontrol cirouit 18 autputs the write

dats (37 bits) from the er 14 1o the BDRAM cora 19 and the resd data 1 hufrar 14

part / output b

bits} from the DRAM core 19 o thainput / ¢

The DRAM «
address

5, and aach bank has a controt signa atiatoh 15

sctively. That is, the DRAG

composed of @ plurality of {four in this embodimernt) ban
daty from the address generation cirouit 17 Re
3f the b core

O, BAY are inpu | a6 f @ provige s hank.

The BRAM

oh 55 read data 1 efresh o

2 19 executes varnious

1, refvesh, and 5 > busift-in memorny ¢

hased o the conbrol signal and the 1e DRA s the write data DCO ko BG31 input fron the input 7 cutput butfer 14 i
the memory cell at the predetermined address based on 1be Sonto! s He gridress data.

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+
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wchernatic block diagiam of the DRAM core 19, For simpiification of desuription, one bank that congtin critied here,

2 b core 19 includes @ memory celf arn

The memury cali array 21

v arranging a piuraiity of memory cells in an array. Fach mamory oait has 3w

is conneciad 1o the
X address row address) and the

o the sense smplifier S/ A A column g
ion in which the word fine Wi is expanded by the

i t‘.‘\mneﬂed 1o b and a bit line {not shown), and the bittine is
amplifier 8/ & Thati

o

&

. i the memory cafi airay 21, the X expansion ¢

e selectiun iin and the sense amphifier 7 A S/ A column) by the ¥ address {columnn addrese). The array is axp fin the ¥ expansion direction.

The memory celi array 21 has & plurality of row blocks divided in the X devalopment direction and & plurality of column biocks divided in the ¥ devalopment

direstion.

k). Hare, the row block is a sense amplifier S/ 4 (S) in the X exgans:
G in units of sub word ines SWL connected 1o the word fines W

o of the memory celt arvay 21,

sion direction of the

/A cotumng. Further, the column bock is a region o i he Y expar

memory celi anay

1

rm inform
16, {In this e

map shape acearding to the ace:

The memory cafi array 21 has s function of changing the fogic

by the mode ragister 16

= e

agdr

and this fogic: map shapa is : configura ton signal ciput from

sdiment, tha g

it is changad by the fong ¢

Mora sg cally. the memory cell aray 21
;. When the page length (the depth of the Y addres
response o the change.

Th nber of / &ds changed. That is, the number of data tha

changes the X address and the Y address

rarding 1o the page
changed by the p:

sigral to change the logi
$ activated i

address m

anse ampiifier €

can ba continuousty accessed is changed.

N

The DRAM o
Are address 8
Var
AD 1o BAY

s 3 thus constructed
Do A1d and bank a
3 operations such

dres: anmnined number of external address terminals.

grials B input froma
st wiiting and reading are executed with respect to the memory oelis at predeterm

1t should be noted tha rad for fetching the X address and the

nuimber of temmil required for fetching the Y address. Speaifically, in the memory device 10 in which the X address is set 1o M bits and the ¥ address is s
N bits, for exarmipie, when M N, the number of external address terminals is setto M. That is, the memory device (SDRAM) 10 of the present embod

providad with 13 external address terminais for taking in 3 maxin

am of 1 8-bit X address {including row address and bank address).

FIG Zis a block d
and the X address whean the page length is 52t 1o the mavimum value (harei
13 and the Y address i N hits (YA <G o>
ers 132 to 8¢ in Fil. 1 for convenience o

he number of extermal address wenninals is M.
Fis b bits (K& <Gomye, (= M-

g 5 mehod of contrafiing the memory device 1 In the following d

after, full page) by the page lengh signation

d intor the first to third

fn = N-13) {where M> N} Although the address buffer
on, the address buffer 13

functionaliy ¢

dress

ay e configured without division,

fNow, it is assumed thai s page ! &t b n sigral from the mode register 16 and the X addrass

rier than the full pageis s

ased on the page length desi

azed by the page length designation signal is i bite 2, the ¥ address is reduced by § bits. This is because the substantial capacity {2 MAN y#i/G

e increased -bit X address is

count of the memory cell array 21 does not change. Then, th o i of the (M- + 1) external address tanminals which are

not neadad at the time of feiching the ¥ address.

: butfer 133

frorn the cormmand de

More spe Hy, the first

i command

Is a1 imems
Ad
Enter G-Arm
The input address sig

oder 12 (in the figure,

gaal A bagsed on the row address ©

dress buffer 132 is
AG-arm are ampified, 3nd X address data b

o th

are lmtched and outpet 1o the addres

The second address buffer 12b has an internst command {Oolumn Addre in the figure) from the command decoder 12,

address signals Al-A {n

-Enter i), The se:
address generation clicuit 17,

: signais AD 1o A {n-i), latchies ¥ address data based on them, outputs them to ihe

¢ {Column Addrs in the tigure) from the command decodar 12,

fie nput address signals A {n- + 1) to An, atches X address o i Y address data based on them, and outp i 10 the address gene

circuit 17 inciudes first 1o third decoders {selection circuits in the figure) 17310 172, a clamp circuit 174, and a switch

The s

derg 17210 17, based on the address data from the 1o thirg address huffers 1

A 10 130, hank (BANK), row Block (Row Black), word line W
L, colurnn block {column block), colusmn select tine CL

@ !

s appropriately selactad ciirig b funetion of each « The clamgp circuit 1 7d invalidates any & d changes the decoding

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+
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SONPressio
o third o

of convenience of description, in the present embodiment, the address generation cireuit 17 is functionally divide:

oo T, bui may be configured not to be divided,

The first decoder 17 ribad in defall Beiow

Selects a bank, & E;Im k, and @ word line WL based on the X addrass dats cuput from the first sddrass hufer 13a, snd DRs the W addre
them.
Jutpet o the AM core 13

The second decnder 17b saiects column selection fine Gl b

SITSpOnding Y 3ddress 1o the DRAM core 19,

¢ on the Y addrzss data outpest from the second address nuffer 12b, and sutpuis the

o3

Here, when the page length de 5 signal designates &
anmined connection pasition, and the third address buffer 130 becomes the thied page. i is connected 1o the decoder 17c.

length shorter than the full page, the page tength de ating signal swilches

ifically, the word fine W
the page kength desi
. At this time, the switch cis

connecis the sao
invalidates unneces:

it address butfer 13¢ s connected o the second de

d

ata output from the third address

Output 9. At this time, the clarmp circuit 174
it is connested to the third decoder 17¢ and invalidates an unpecassary X addras

i when the Y address

Far comparigor, Fi = 3 Block diagram for exzplaining a conventional method of co

wolling 5 memary d

fetching the X attess
And an address buffer 52 for fetching the Y addiess

ectively. When using 8 shori page length, the
of bits qf the X address or ¥ address at that time.

mbaer (M or NJ of exiernal acdress terminals is increased accerding fo the in

Fi 7 shows
5 ig g waveionn diagram showing the

the mernary device 1 of this embodiment

s {cotumn & A <) 7> and the page lengih is set 1o 256 (full page

The memory device 13 responds fo the mode register set command MRS with acdd

18 is taken i as the address code Code {Taded <010},

Fess signais AD-A.

cast fatency 1CL = 8, the burstlength BL = 2, and
i the 16-bit X add
3 5-bit ¥ adcress {celumn address CA <0: 4>

} Of the logical ac s map shapa. That is, the mw ad

page length Page = 82
3>, bank address BA <G 1>

s {rowe addrees RA <0

is increasad by 2 bits 35 the nage tength is changed.

10>} and tskes in the bank ¢

The memaory device 13 takes in 5 ihe row ad Pow (RA

ey, and is therefore omitted.

to the active command ACT. Note that the fetching of the bank address is th

The mode register set command MRS
The alength (= 32} 551 at the time of input may ba s

ACT.

In this case, the number of row ses 1o be {atcha

get the page length, the mamaory device 10

The address signals AD Ry (R, <0
} And the address signals AS and 410 as setiing information. Alternatively, it may be fetchad from another pin (D0 mask pin or the liks) that is pot

the active command ACT is input.

2 OV AL

Then, the mermory devie sommand RDT dolock (for example, two clocks) after the innut of the sotive

1 responds i

10 A5 10 the column <
row address Row (BA <

conmand Al
The address

and cuipuls the address s

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+

12 switch

ik (B4 <G 1) inrasp

8/3/22, 4:01 PM

the fist

jer 17h. As 5 resuft, the

aifer 1 3¢, and outpuis the corresponding

&, Conventionally, the address buffer 51 for

snal apaiation of FIG. Here, as an example, an operstion waveform diagram of a &d Mbit {megabii} SIIRARM (3217 0)

and the bank address Bank {BA <0 1>} is faken in. Then, the memory device 10 determines the page

in reduced by the number of bits required 1o et the page length. For example, if 2 bita are required to

¢ when
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ich increases with the iom the externat addres

e length variable is
mn address Col {CA when the read command B
word fine WL based on the row address Row (Ra <11:13x), and activab

sminal which is not required whes

]

That is, the 3-bit row address Row wi

aputied. Be don

irs ik

sponse o the active command ACT, the address signals 49 10 A10 are transferred 16 the row address Pow (RA <3
A=) and address signals A5 to A8 i RDY 1o the mw address Row (RA <01 2>

1 Furthes the address signals A€ 1o AB may be taken in zg Row in response 1o the read command 201,

The memory device 17 sends the read conwm

TTe
1]

When 1 is issuad, the 58t cast fa

z) and burst length BL (= 2}, rea

Basadoni

11 and 012 are sequentisily output 3 clocks afier the rea

onrnand ROT s inout

After that, the memory device 10 sequentially responds o the read commands RBZ and RD3 and outputs the column addres
address Bank (BA <0 1
>}, At this tima, § second and subsequent read commands RDZ
{CA =3 4>) and the hank address Bank (BA <0 1>} &

sed row address Row is

piured,

In this embodiment, 4 eomumand RD

110 RDY have

fez

§ a3 write command. Thatis, the a

oen described, mmand AG

same applies 1o the case
liestot

The increased row address Row (RA <1133 bs taken in by the first write command after ¥input. And 2
In the write command atter the first time, the columi se 0o

e {etched.

Oy {04 <G 4=} and bank add b (74 <D 1>

For comps r, wavetfonm dizgrams showing the internal oparation of the conver ai memary device are shown in FIGS
ram of the 64 Mbit (i

nd 35 Figure 3
sgabit) SURAM when the page length Page is set to 256 (full page}. As shown inth

FIG. 4 is an operation waveform diag
and MRS |
ssponsa 1o active command ACT

ice

egister set cony faait, o Y

¥y bs taken in. Then, the memaory device ¢

sration waveform disgram of 2 84 Mbit (Megabit) |
length {= 32} ts used, the row address Bow increases by 3 bits. Yhat

Address signats AD 10 A10 are fetched as row address R

2AM i which the page len

s, the mamory device uses ive commiand A

ow (RA <0 0) in response to OV, and address signat A

Row address Row {F =y with 2 to A15 increasad
Taked

In the memary devic

5. There

conventionsity, 3 short gage length (=

et 0 32}, the Z-bit row address Row inc

swnher of extemnst address terminsls for taking in the

standard product.

O {CA <G 45 and the bank

tv the column 3ddress &

8/3/22, 4:01 PM

the column block and the
< the selected word line WL and the sense amplifier $ / A correspanding thereto. Let

sendiaily responds o the read commands RD1 1o kO3 and fetches the column sddrass Col (Ca <0 7>).

h Page is getto 32, As shown in the figure, when a short page

4.

iy o

e FIiG. circuit in the drawing) 122

command detection ciicuit {Pa in the figure) for «

oludes a cornmand judg:

ge Command first detection circuit) (hereinafier, command detection cirou
the word line WL and the sense amplifisr S/ A

The command determination ciroui 128 d

b signal CLK and outputs a read activation signat or 3 write activetion signal acco minaticn.

HNow, when the read command R showven in Fi
butfar 136 {Acar
Th

7 is input, the command determination circuit 12a outputs a read activation s

G

cludes an OR circuit 31 and a

ss Lateh in the figure

b
13 based on the addres

dress signals Al to A4 are
mn address o
Jutput to.

Third addrass buffer 132 {in the figure, Addr

= first e

ass Lateh) receives the o
the OR circuit 31.

ddress sigral 45 hased onthe
-Enter A7, Then, the third address b
17¢ {in the figuie,
Dacnders,

mimand detection circuit 17 oy

o signal ostput from b

cis 3 thind deo

i mn Block) that oulputs
Output 0 the

g

w address data based on the address signals A5 1o A7,

action Addlr

The

170

ond decoder 175 selects the columnn setection line 0L

Aurnn blocks and wao : Wi based on the row address data output from the third address buffer 13c.

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+
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¢ amplifier 5/ A are activated.

BMBNG c'eterminaiion circuit 12
s heid inthe

Sutput from th
the commasnd detection circuit 126, the expanded row sddrass Row (RA <11 113

detection signal from

Then, the s o raad activation signat (see £
The read command RD2) shown in FiG

Mo datection ¢

tis cutput from Z6. That is, in the read comma

the third address buffer 12¢.

13 and 14 are ciiceit diagrams showing an exampie of the spec roult configuration of FIG

FIG. 5 is 3 waveform diagram showing an exa

nple of the mtemal aperation of the circuits s

For comparison, & block disgram fo

control, the ssme r nee nmarals
ars,
The colsmmn ol {CA «D: 4>) and the column address Col (CA <5 ati o write activation signal {that is, a read or write

comimand) is cutput.

cass control described in

erformed according to the page fength. In this

3h is switched based on the page length designation signal, 56 tha

swopiiately changed according o the page length. be able
decoders
7b and 172 are DRAMs according to the page length.

The row address and the column address ge

d corresponding to the lngical address map shape of the core 7 ¢ are ouiput 1o the DRAM com 18

FIG. 10 is a schemal)

niock diagram i
Az shown in the figure, the word line actiy
deter
fach sense ampiifier 57 Als antiva

ating activaiion contral of word ine WL and sense amplifier 8/ 4,
i iaf of either the command

grial. Word fine WL

ircuit 41 and th

sense amplifian activation circult 42 resopond (o the outpat s
b input according to the page length de

ion clicuit 122 or the cormimand detection o

o,

wage length Fage is set 1o the full pa

ivation o

i the page length designation signal, each
a W

cause afl the b

41, 47 respands 16 the active

{active command} from the command deterrination chrouit

tha sense ampiifier S/ A are

gled regpectively. This is fine WL and the sense

ssary for setecting the word

amplifier 5/ A are aligned when the active command is received.

Qn the other hand, t
Vhen the pag

& langth P is gh tion si

gth is set 1o be sherter tha

by the page length desi
2 fuli page, esch a

jvation cirouit 41, 47 res;

gt or write The

the read or write activation sig

fmsnd), ko write the word,

se amnplifier S/ A are activeiad respe
the page comimand are required to

iy. This
ect the word tine WL

« cormmnand and a row addr

i 37 shows a block di

For comparison
of conventional activs
activation clrouit 41, 42 s

Activates the word line WL and the sense amp

gram for expisining a conventional control me
1ok S 2 are given 1¢ componenis hav

rom the corminand deter Y oircuit 128,

/A oy by the active sig

rinad ahove, 3conrding te this ambodiment, the foi!cwmt; effects can be oblained. 2 mamory device 10 responds to the page length designa
ional cutput from the mode register 16
the logical address mar
the first read

with the DRAM cora 1
When tr : page iengihis
comnand ROT s fnput. 1o this way, the i

&, the row 3ddress Row thus increasad is

SR

horter than that of the fuli p

adtress teny

oreasing row address Row is fetchad in 3 time division manner by using the extern:

which 3 ¢ hat thine,

11 he changed with

angement of external address terminals, 3
i,

eneral-ourn package can b

the development period from increasing and the cost from ine

{2} Since the page lengih osn be changed without changing the packsge, an afficient ac s mgthod ¢

fremory device 0an be resfized.

ording 1o the systam of the custorner who uses the

numbaer of the sense2 amplifier S/ A can be recucad 1¢ the necessary

antion will be desaribed be
ambodiment, another control methe
igned o the same

arnbodiment, when the page length is similarty
! with

the iow &

d that inos
thareof is »

fig ek

cornponent, and the detailed desc rally omit

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+
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FIG. 18 is 1 waveform diag showing the internal operation of the second embodiment. In the gregen

he first 'e-ad cori

it one clock efter the active command ACT
25 than

R isin
and the read command R is input cne clock
>} that increases with the pages length change ‘chunce f.’on 256 15 32} is executed in the first embodimant. itis

The read corrur
15 settotRCO =1
71.) Therefore, the row address Row (RA <1113

[ is input.
5t ﬂ*nbccxmcr" 1RO = 2 {sea FIG

takern in by one clock eartier than the form, werahy the word ine WE and the sense amplifier 8/ & corrasponding thareto are activeied simostona ¢

aartier.

£y the way, generally, in order to compistaly compleie the activation aperation of the word fine WL, it is necassary o delay (wait} from the input of the active
command ACT to the start of the acosss operation by the input of the read command

This grace perind varies depending on the frequency of the clock
q of the

<, but normaatly 7 olocks are required at the general clock frequency of the davice currantly uss

7y 40 delay the start tis
npi,

access operstion Based on the read conwnand ROT by substantially one clock from the time when the read command

On the other hand, the CAS latenoy 0L dafis

ck rurnberd from the input of the

o 1o the cutput of the read data. Tt
Cal latency tCL fram 1CL = & (set valua) 10 10L = 4.
sry device reads the resd data 31 4 clocks after the read command RD1 is issued,

s the period e, A%

2 of t

shown in 2 CAS latency 1L cormeaponding to the i a0l command RET s a preset v

siore, the m

i5 changed to. The
1, 312 are sequentislly cutput,

and cutputs the ooluma and
L {(1CL =

e feal COMME Col (Ca <D

Thereafier, the memory devioe responds to %
e sequeniiatly take

4>} and the bank address Bank (BA «0: 1>} ar

nd the preset fatency

sequentiaily cirput o ing 1o the 32t value).

1o the above, in the second snd subsequent read commands REZ and RD3, the increased row address Row s not taken in snd the column

of the
it 123, a page command fust detection cireuit 120, and 3 a5 Latency controd cireuit #

Haining the control metho wst fatency 101, In this embodimant, the command decader 12 {sea FiG. 1) includes the

Similarly to
Datermines whether it is @ read commiand or a write command, and cuiputs a read activation signat or a write activation signa
12b s the cormmand determination circuit 12

The first r wvation signsl cuiput from a is detected, snd the detection 5.

he ahiove, the command determination circuit 12a

The command detaction clroult

+ activation signal ¢

& latency control circuit 120,

<
]:

is oulput to

The CAS latency control circuit 12¢ cutpris an cuiput comrol signal ot @ predetenmined clock number in response 1o the
amands KD o RD3 i FIG, 18). The time from when the oul determins when the outpu
5, the CAS Iatency 1CL ¢ conmtrolied,

ai clock signal CLKT and isse

an internal command

120

ot from: the comimand de

Then, the CAS istancy control o

freuit

Wihen the detection

3, changes the valua of the CAS Iatency 1L

ignalis o

soecificaliy, the CAS fatency controf circuit 12¢ of the present embodiment responds 1o the dete

bin regponse 1o the CAS fatency b

The vatue of CL is increased by © from a predetemmined value (seiting valua}

set valua) By the moda r

Thatis, i
first resd command R
HINHE :
naf ouiput Brom the commarnd detection circuit 12b is

§, the cast latenay 1CL is set 10 10L = t command MRS Maxt, atter issuing the active command AL

Aol ok

LAS fatency ©

b b

ctection signal, the CAS fatency

ses the valus of the CAS latency 101 {3

changed 0 101 = 4. That s,

the CAS
1CL = 3 for the sacond and subsaqguant read commands RE2 and RD3.

2y conirol circuit 12¢ changes tCL = 4 onlv when the first read command BD7 is input, and sets

i the a0 sornsng ACT is
hanged is fust input. 7 1ather

it e

the following effects. (1} in the pres
=r than that in the first embodiment, so that the row addre

al = input on
than form

it is captured
{atancy 1CL corre qmnt‘mg ki 1!" TEac COMAT
sense amplifier § /7 & and then sutpuiting the read data. The pariod is sufiiciently seoured
This pravernts the start iming of the access speration based on the read command RO from being defayed when the page tength is variable,

e Wi and the sense amplifizr 5 / A can be activatad aarlier by aimost one clock. At that time, the CAS
1CL = 4 by the CAS latency comirol circuit 12¢, thershy activating the word fine Wi and the

2 prasent invention will be described below. = fength is simila
; of the first embodiment, another contraf mathod of the row addrass fetching method that increases with
onaem, and the detalled description theraof is partially omitiad.

the present embodiment, when the pac

FI5 20 is a block «

diment, the nand d

2 12 {sea FiG. 1}

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+
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des the command determination «

The detectio:
LK1, the active signal and the read or write activation i

A outpist from the comm

ntputs an active signal when the imemal cormima
7 ciecuit 12d cutputs an address fetoh signal for

iatency tAL) has elapsed.

3% aUOr2sg

£4

clovk sig

In the prasert aernbodiment, the address latency 1AL is 52t based on the inter,

CLKY, and the time detection clicuit 1

signsi

After counting @ predetermined nurmbe incks based on 1, an address fetch signal is cutpul, AL this time, the Uime detection o

24 sutpuis the address taka-in signal untif the command read circuit 173 cutpuis the first read activation signal or write activation signal.

fNow, when the page leagih is sette 22, the switch circuit 32 is switched to ¥

cennection position shown in Fifs, 24

age length designating si

Third address but

3¢ ampl ed on the addregs take-in signal from the thme detection ciiowit 124, latches the row address data ba

7o, Then, the thied «

ess data 1o the third deo
for specifying the column biack {word fine W)

them, and outputs the iow

dress (KA <O n>}

2R

Is & row ac 5 the row address data.

Yo the DRAM oore 12 (FIG 1)

G, 2, the row address {increased row address) fetohed based on the «

wab from the lime detection circuit 124 is changad

e the seo Rt

. 130 based on the page length designation signat
uit 124 of Fits.

it is taken in by any of 13c. Note that FIG. 22is fiagram showing

an examptle of a ific circuit configuration of the time detectior

FIG. 27 is a wave

detection o

tha internal operation of this 2mbodiment. in the same figure, a case wh
is setio, for exompie‘ 1AL = 1 wili be describad.

ss latency 1AL of the time

As ghown in FiG. 21, the page leagth is vartable (28

Row address Raw increased with the changs from € to 82)
{Ra <{: 4>} ¢ capturad by the address capture signal from the time detection circuit 2 Z¢ one clack after the active commyand ACT is input. As a result, the
elected, and the s ted word line WL

er &/ &is activated.

=k and the word line Wi

31 5

And the corresponding sense ampl

Thereafier, the memory devit
o} (A < 4>) and hank addr
Of the pracet cast iatency 40
= 2}, the read daia is ¢

ands RD1 to RDE and outpuis the column address C.

3 = 2} At this tmae, arty 1o the above, in the read cont

i fetehed, but only the column addrass Coi {
RO to RS

et read

Te} ave fetched. in the present embuo

e applies 10 the case of aw orpmand,

e, this ambediment has the follow:
circuit 120 th
from: & is provided. 45 g rasult, the row address Row thst hss ine
=1}, Therefors, similaly to ¢
ermbodiment, the increased row sddress Re

effects. (1} The command dacoder cludes the command determination circuit 17
rmined time {address iat ALY has alapsed inrasponse 1o the active signal
GACT (1AL

sutputs an address feieh signal after a pre

one clock afier the gotive comma

in the present

sed as the page length is changed is ie:

cond embodirmen, the word fine WL and the sense amplifier 5/ A can be activeted quickiy. Furth

Sinoe w is fetched at a iming earlizr than the input of the read command R0, tha faich is not affectad by the arrangement of external address terminals.

{2} The timing of the active command AGT and the read

mand RE, and the address signal designated a1 the time of awtpit thareof do not depand on the

page leng -wiog' 3§ el o shape). it eme.nory conto

jeen the active command A command RD. Therefors, the

s rniap shape) can be usad without Biouble.

1y itont sgponding 1o the row

(] (funciicn of changing the i-‘

and a new

g2 1S easy,

{Fourth Emne h embodiment of the pr
2d in the third embadimant is used.
arnple, 1AL = 0.5 will b

vantion will ke dascribed below. in this embodimant, the sddress iate:

sertbed.

> where Al iz o for e

FIG. 23 is a wavetorm diagram showing the intemal operation of the fourth embodiment. n this embodiment, as shown in Fi
The row 2 fength is changed (changed from 2

Tom the time detection

s
circuit 12d O atter the input of the sctive command.

v e COMTEnt

That is, the memony ce 10 iak-s: irs the row address Row (RA <010>} at the rising edge of the clo
ACT, and clock signal TL after 6.5 ©
The row addrass Row (RA <that increasad at the falling sdae of K

:i tha input of the a

https://patents.google.com/patent/JP2003151273A/en?0q=JP2003151273A+ Page 11 of 21
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, the increased row address Row is fatched by 1.5 ciock earlier than in the third

anyplifier 8/ A are activatad for sbout 0.5 clocks.

Thereafier, the memory devit
<{: 4>} and hank adde
Of the praset cast istency {GL
= 2}, the read data is 5

nmands KD 1o REE and outpuis the column address C.
ol {4

_—

larly 1o the above, in the read commands RD1 15 R, the increasad

aw is not taken in, column address Col (T4 <O
y the bank address Bank (B4 <0 1>} is fetched. In the mes swnands RO to RD

N
tieen described, the same appliss to the case of a write

Asde the address Istency 1AL is

d Dy ahout §.5 clock earlier than in the third ambodiment.

from being delayed when the page length is variable.

2 an address buffer for fe 55 dats of Y address

iy sefected by the XV swits

Th
2k, 134, and 12nara co

FIG. 5, each addrass buffar 1
urad 1o share an address bufter for fetching an X address or 3 Y address, respactively, and an a

Address buffer 13 for fewching only {(address)

You may make it provide m separately.

The commend determination circuit 12a and the command detection circuit 12b shown in FIG. 8 1

v he replaced with another confiquration which doss not

dapand on tha clock signal CLKT whan the memaory device is an asynchronous b

I FiG, 16, the sense amplifier (G /
A} Onily the activation circuit 42 may be controlted. The
Thatis, sirc add

the command determination oir

Wigwation of F
ress signais AS to A7
a2, based on the detection sis

16, B may be modified as showr in FiG.

sat £ write

m the command detection circuit 12b, the third decoder 17coa

ery time for each read / write activation signal (that is, wamand) from

s the third

address buffer 1 1o performthe resd / write command after the s¢

The row addrass data from 3o ma

v not be ra-iatched. 16 and 17 are ciro

owing sn e

i
configuration, the connection positions of the switc
calumn address generatad correspanding 1o the o
thi coders 1751

7o respectively outputs,

uiher, FIG. 12 shows a case wh eriormed by the configuration of FIG. 11is

and the
ical address map shape of the BRAM core 1¢ at each time 3conrding 1o the page lsagth. is the second and

ve cormimand ACT.

Irs the first and second embodiments, the address increased as the page la nanged is the s

£t rend / write command after

The Y address is fetched at the same time as the ¥V address feiched by the &
exampie. That is, the increased address is read /read first
Atter being

ut, but the pr 1 invention is not kmited o this

vy the wiite command, the Y address may be fe tafter 3 predetermined clack (for example, ore clock) of the comm

It the third and fourth embodiments, the time detection , but

when embodying it in an asynchronous merrs

#d autputs the detection s

after a predetermined clock in respunse 10 the active

i device, | internal clock signal CL

The detection signal may be outpat after a predetermunad time (1AL} has elapsed regardless of K1,

= (DDR} method is 15

reafizing the method of fetching the row address Row increased at the addrass Istency tal = 0.5
ienals CLEL 7 O

embodime:

L You may
Using two b
phiase difference immediately alter that is fetohed.

k signals ko signal / C having 2 180 °

The row address increased at the rising adge of LK may he fetched.
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ove ernbodi ed W 2 bype of active comimand ACT

1its, the page i

gih iz gpe
is input. However, two types of active commands ACT are used o specify the

Y

=t based on the inpuiof ACY.

In each of the sbova-mentioned embeodiments, the synchroncus memory device is nous mermory may be contigured so that the

{ogical address map shape can be changed. Since the schematic o sration of the asynd hmfm us mernory s already known, the drawing and description
thereot are omitis

This mamory device determines the addrass signal ADD as the X addrss {mw address ] at the fall of the chip enable signal {/ CE) or the row & s strobe
signal {/ RAS). Maxt, the :
The ool specified by those addresses is accesserd.

ice determines the address

ignat as 3 Y address {eofumn addressi by & F oF write contro! signal,

The change of the al addiess map shape is performed by the follow ontrol method from the outside whick is not nonmaily used

inn the access from the cutside). in the ilegal 2ntry methed, the address configu & the memory device is generated earlier than the word
fine 3ctivation signal from the chip enabie sig CE, a3 in the case of using the mode register set command in the synchronaus mathed (MRS mathadl. Yo

ot without delaying the switching operation of = ganaration airoult or its output.

ating a mode saiting ovele for address configuration. The memony
on from the dedicaied termina to

; mathod will be described in detai

24 is 2 waveform diagram itiu
i and by fetching the ne,

ary inform

ated tenminal for mode setiing for add rifigura
g each type of address configuration, it is possibie to prevent &

normal cperation can be guaranteed.

information for determis

nal access delay and preveni maifunction. The safe operation of

Thatis, the ce does not oparate normally when the ohip enable signal / CE1 is at the Hlevel,
the address signal ADD is fetched in respe gnal / PE {= addr
Specificatly. the mermory device activates the input of the address code st the falli

ng edge of the signal /

ngy this period, the address code Code based on
F
e signal / PE, and latches the addiess code

memony devi

{rom the dedicated terminal.

o tha progiam mods GG coqﬁwfdtson senmg termi i

information at the

On the other hand, whan 3 the external access

fetches the addre

= exiernal dedicated terminal is

activated at the fail of the program mode si asult is determined at th

adge of the program mo

he address signal. Then, the «
aption can be reduced.

al / PE to start the decoding operation
e signal / PE, and the input cireuit is deactivated. By this operstion, pows

. The adedre

Iy the o e for the above sodres wade may be input from

a data terminal {called 5 DQ or |/ O pin).

diguration, the logic of the pro

gram made signal / PE may be inver

epeated several Himes. Fif, 75 i3 an expianafory

Wwhen using

3

ip enabl

grial / CEY) and perform

Theretfore, in the memory device of the specification system which o signai / CF1, the addrass

is simply used as information for determis each kind of sddress configursion bssed on | itesn be used as the number of times
mmands (1) 1o {6, (8 o {1
U} i3 & command used in norma! ope 1, and commands {7} and 11) are commands that have ne meaning in noemal aperation. The command (7} is a wiite

{WR) operation but doss not input data (masked) L8 and / UE are a3t the H leval. Command {

zoause the signa
a

15 @ read (RO} oparation, but simiiarly the

Mo dats is output bena

se itis masked by /1

ot used for normasl speration

by fetohing s command s information for determining each type of address

configuration, it is possitde o set

fiegal comma

on witho

inform

no @ dedicated terminal.

FIG. 26 is a wavetorm disgram for explaining the mode setiing cvole for ada
Fiz

contiguration. By continuously ir

of commands (31 shown in

s taken in 45 an address code

. information necessary for maode seiting {or address configuration is shown. Shows the case whers

The memory device takas in the address signal ADD as the address cede Code in responsa 1o the command {11}, This operation is repeated M timas. N from
the first time

When ali the i add
for the address configuration is perform,

s codes Code tetched corre ing to the command {3

o

D 1o the first match, the address cede Coda is validated and the mode setting

The commzn :, mode setting for R may he perfonmed basad on the » fatehed

sorrespending 1o the Nih command {17). Further, the feiching of the
it may be changad 1o the first time). Various other 3 ations can be jweloped

RCO

{17} is N? When they mateh o

ts performed in an abitrary ovele (for axampde, 1

$ the address code for the mode, the number of address Bits may be detenm 10 the rnber of wpes of address configuration. o the
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inside the device. When the upper bits of the counter cirouil changs for N number

mmined.

FIG. 27 is an operation waveiorm disgram of an entry contrs! circuit which isa m

setlting circult for program address configuration. As shown in FIG. 274,

ignal proaddz in the third cycle, snd outputs the first

the first entry circuil oulpins the H-tevel first address ans signs! proemtz i the fourth oycte, Then,

the first addre

the fust entry circuitl u
Reget ddz and the fir

anable signal
ne time. As 3+

tent

v signal prcentz st the s suft, the ietenmined address sration

iy device < the previousty «

information 1o the 4tk by the first entey signal proeniz.

The information of the [atest address configuration is changed according to the address code informat:

ched in the second cyale.

Ag shown i §

device activ arnand and «

N BCH

(0}, the first antry oiro

o / write command) duri

When is acoepiad,

court is reset. As aresult, the fiist address =

rial proaddz and the s gignal proaddz are held st the Lievel

That is, i1 the mode setting for determining each fype of address con

cified
waveform

ration, i the same command for that purpases doess not continue for the

mine:d address co

number of times, it is canceled. {The memory device e previously o

ormation) Fit. 78 i5 an opers

diagram of the entry controf

ey cireuit) which is the mode setting cirouit for the program acdady anfiguration oo

ignal peaddz i AN E N AR

L-level program mio

Output e
His chan

He frformation of the peeviously detarmined address configuration 1o the s2cond =ntry signal proe.

5

srmation according to the address cede inform

ad by niz.

FIG. 2¢ 18

Bt

3 operation wavefomnm

reuit. As shown in FiG, 264, the si

ram of the entry sig
ined signal en.
FIG. 2% (b, the sig

af proentz by generat 18 O

Output 1. Further, as shown i nat generation circuit responds o the entry signal pe

Qutput 2.

15. 30 is an operation wavefom d ss buffer for addre

onfiguration. The addie

gram of the rmode setting s buifer activates the inpit cireuit in

regounse 1o the H-ievel address & signat peadds and cutputs the address signal 22

o 3> The same cperation is peiformead in response 1o the first

iagram of the mode setting addrass Iatch for address configurstion. The addrass latch

onse to the H lavel a3ddress tatches the code Code latched in response 1o the comb

ses the address sefiing az <G 2»

ignai peaddz

ignal eniz for setting tt
mode. Output as <0 3>

The rened it respense 1 the fust addrass anable signal proaddz.
The moede satting decoder for address configuration uses the mode setting address signal paz <for address configuration.
&3> &t and an address configuration select signal for several types of address maps is output.

FiG. 3 { the rmode setting decoder. The decoder uses the mode se

G address sigral pa

uration sefect :

55 conht

ks for several types of address maps and bring it 1o H level,

cddress is small
wotive

When the depth of th tion setfing terminal can be shared by the addrass fermtinals

witich are not used whan

The command for setting the address confiquration can be a precharge command or ansther new cormmand in ad

O i the active copmand.

The function of changing the address map is independently realized for aach bank, System performance is further improved by
address map for each bank.

famped msy he changed appropria

2 position of the sddre

3 Bit 1o be invalidated may be
ne. but @ ROM such ag bonds

map shape osn be changed from outside st sny

the | sl addregss map shepe is changed to a desired shape at the time of shipment or user use,

You may make itmaintain the Algo, a ROM that can be rewritlen from th and the logical 5 HEY
necessary. in thaese cases, the logical sddress map shape is fixed for a short pericd or a long period. Therafore, the existing program and CPU can be used.
Further, it is possible to save the trouble of changing the {ogicat addrs

sutside may be provi

dress map shape may be

s map shape for each row 3005

cynte

The {eatwres of this embodiment are surmimarizad as follows (Supplementary note 1) M-bit first address and N-bit second

umber of M-bit firs el N-bit s
nd mamery oails are arrayed af the first address and the second address. In a storage device accessing an arayed mamary ool array, &
input from the address terminal is setina firg s of @ second address based an access form infarmation for changing a
rv Mote 7} M-bit

of an address term

ar taking i an address at the same Hime is provide { fraving

anidne

{ address map shape of the memary cell array. &
tirst add and N-bit second
An sddrass terminal for taking in an address at the sarme

HBGE ¢

lavice comprising addrass repiacemeant means for repiscement. (Supplementa

n address termingt having a fsrger number of M-bit firat address gnd N-bit second

3
aiddiess is o HEEEE

= In g storage devic

gses aranged memory cell airays,
formation that

hareof input from ot aCccess form in

} & predetermined time detecting means is

7
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S in accordance with &

previded for ouiputting a contr fi i-bit increasing address that i
after 3 Eapse of a arede-t»:-rmmv:d time after the first address fetch. 3

gnal for fatol

change of the logical address map shz
@ storage Cevice according to appendix 1 or Z, cha ced in that. (Supplementary

note 43 7 according to supplementary note 3, wherain mined time detection unit sutpuis the control signal after a predeterems
clock of 3« (Supplementary Nots §) A control signaf for fatching an i-bit i G
arldress es according 0 the o s map shape ated based on e command ssuad at the time of the (N4} bit second

address feteh control. 2. The
The command de
based ont

sorage device ace g to appendix 1 or 2, further comprising a conwmand detection unit for outputiing. {(Ad nai remark 8}

ton unit detects the firgt re nand afier the active command for fe

O W 06

ing the fi =, and ouipuls the comtmi gignal
according o Supplementary Note

esponding o the first read or write comimand based on a controd signal from

he read of wiite command. § rage davice acoarding e item £, (Supplementary Mote /3 The storage dev
6, further comprising a cast latency control unit that dciuy-s the cast latency o
the mand detection circuit. (Suppiementary noi

activation unit that sctivates & word line basad on a

grad tor fetching the sed address of i b:zs, (mxpplamentary note 9)
2 smpiifier activating means for activatt

ihe sense smpithier based on a controf sigral {or fetching the i

ge device according to supplementary note 2, wherein the
.dating unit in
t the access fo

S contigure

ary address in order 1o vary 3 compressinn rate of decoding. (Supplementary Note 11} A contrel
ntrol signals, is provided, which is provided with 3 ans for generating

it or the Note 1 that the ad

o information combinaticon of a plurality of co

selaction signal acc

ting mneans execuies the replacarneant «

Alernatively, the storage device according to item {S:J:'):')!er:’xerrrar" Note 12) an extems! addrass 18 input, and based on the address configuration selection
. an output sigral thereef is converted into a first cuit for geners 3 selection signal in the first add direction and a sele:

ecund address divection.
i i @ second signal gen
wherein the address © { unit o1 the 3dd
{Supplementary Note 14} The storage dev

Hthe

12. The storage de

: acuvrdr:\; o appendix 11, further comprising an address generation circuit having a sv
A circuit For genaration. {Supplementary note 13}
; a RCM such a5 a bonding ora b
oia

OF SW

validstion unif inclu

ccording to Supplementary

an axternaily rewrit

e ROM that stores the access form information. (Supplementary Note 15) i3 there an address tarmina! for simulianaously capturiag an
it first address and an Nebit second sddress?

Alternatively, @ mermory dey iaving an address teiminal having a larger number o

wy celis are arrayed at the first address and the second addre
term is replaced with a first address or a second address ba

M-bit fst address and N-bit second address, and accessing a memory
n the internal control method, wherein a part of the external address input
ot on access form information for changing a legical ap shape of

a2 davice, (Supplemantary Mote 18 King in an M

array
from:

1

anidne

3} comtrol method for s
an N-bit second address?

the memory call array
first 3ddress an

is there an address terminal for simulianeously t

winber of M-bit first address and N- b:

S are A;rayed a1 the fust address and the second addr

i adidye

88, s gecessing a memary celf

The :niemdi cond

hie exiarnal
ape of the

i b cfain 1, wh

s terminal or a part theigof is invaiidated based on s
atrof method. {Sup

nformation §5 s

i the logical address map s
according 1o Supplems Note 15 or
tive operation. (Supplementary note 18) The

ory celi array.
16, wherein the 3co

ntary Note 17} The inter 4 for a storage cev
set during a standby period or at the same time as an
7ing 1o anv one of supplamentary notes 1810 17, whern

&

or of sctivated] 1S i

) Supplementary note 15 character

znse anpl

cortrolied aocording o the ne of the logical address map {Supplementary Mot
decading is varted according 1o the shape of the logics! address mmag.

< in that the compression rate of

19, Aninternal comtrol method i the s

age device aceording 1o any one

noicas 1510 18, charasianizad in that the net oF the invalidation is sxecuted.

ry nte 213 Yhe internal of the storage de according to supplementary note 20, w second addresses are genarafed by &

common addrass generating means, and an output destination of the common address generating means is switched by the address configuration selection

ool method. {Additional remark 223 The first and second addres:

external addrass are provided, and the input de

essey according o an
ntroi

= for genarating the fust and s;

nation of the axie: ction signal. An intern
rage davice according to supplementary note 15 or 18 3ot
he shape of the logical address map i

v controd is such that afier the first &

method in the storage device described. {Supplementary note 23}
that an -bit increasing addres s according to a change
fetched. Controt meths e 24} The address

5 that inor ad in tiene division after the first add 16 is

. {Suppiemeniary N¢
signsl, the -hit increased address is fetched in synchronization with a predetermined clock of the dlock signal
device sccording 1o sitachment 23, (Supplementary Note 28) The address latency control is hased on the i

28 The siaage device according 1o claim 24
capturing the firat 2

v ass is feiched in synchronization with 3 o

An intemat controd methiod in the storage

her cormprising. @ step of previousiy capiuring a predete of clocks of the clock signal after

of method. (Supplementary note 263 The
the step is performed b-sfcre or at the 1
rrnad By a comma

rfing 1o ftem 26. {(Suppiemeniary note 28} The abo\ @ 1<-:p is

1ehin

address. (Supplomentary M
Or an internal controt meth
address code befora {etching the first address,

Note 28 or 26, characterized in that the first address

stor:

atehied by two ypes of sclive commands
\

1y note 293 The supplementary note 15 o1 16, wherein an i-bit incieas
increases in accordance with the change of the lngizal addiess map shape is performed simuitaneously with the fetch control of the (N

An internal controf method in the siorage device o
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1
cond addrass of (Ni) bits is taken out of the N addrass term
ad

Internal control method in storage devi Supplamantary note 30) An increased address of § bits *

s terminat that is not used when the
according to appendix 1
i-hit increme

after the active commar

map shape is autput from an addme
sontrol method in the storage dev

incorporated. {Supplementary neie 81}
he change of th

5 or 18, whesin the internal contrad

zss that increases in with

SU

iemeniary note 15 or 16 is charae logical ¢

iching the firgt address gl control me

is performed a1 f

ol rethod in the storsge devica so

By

note 32 The intern

Ging 1o suppiementsry ncke 31, wherein tha §
Supplementary Note 33) A command detecting u
AS latency con

ive command

i the ac
aving the

tirne as the read or wiite cormimand a

after the active

oreal of the

wmand is provided, and de anding 10 the first read or witte command based on an cutput

command detacting unit is provided. 33, An internai control method in a storage devioe according to Supplen

predeterminad time detecting means for o
the first address is providad, and an output signal of the comm

33, wherein the worc activaied based on the ahove, {8

comrol mehod pplernentary note 35}

mermory device as seb forth i appendix
1oi method in

fie storage device according to supplementary note 33 or 34, wherein the sense amplifier s aotivated based on an cuiput

LOMTE etacting unit o the pradetenmined time detecting unit. (Supplementary Note 36} is there an address tenminal for simuitaneousty
first address and an N-bit second address?
matively, & storage means is provided which has an address terminal having a larger number of 3 M-hit first address and an N-bit secand address, and

and the second address. &nd 3 control mesns for access

sses a mamaory ceif array i which memory cells are arraved at the first a
ing the acc

es Dased on he so

o means supplies the ac form inform w2 the

55 means, he co

age maans frorm time 1o time, and the storage means

s form informati

. The syatem, wherein the incraased address of | bitg, which

& first read of wirite coms

Note 32. (Supplementary Note 24} A

rat of the

ses acenrding 10 the shape of the logicst

8/3/22, 4:01 PM

e, (Supplementary
wressed address of | bits is fetchad at the ssme

35 of the i-bit afier a Iaps2 of 3 predetermined tima after taking in
termined time detecting means is provided. 34, An internat
Thainternal

frigj in an M-bit

iy

address man of the memory cel sriav is g sed in g tirme division after the generation of the first ertary note 37 The system according
to supplementary note 36, wharai contiol means performs the access it formation by ssing one of an address, s decoder, and forrnation

b3
information at the same time a5 or hafore the start

20 on a contra! signal. (Supplementary note 38) The system according to suppiemeniary note 39 or 37, whs

ess, (Supplementary note 39) is thers an address terminal for siv

1aking in @

address and an M-bit second @

1051 adedress v Dbk second addre

ERCs has an address terminas! naving a larger number of 2 -5

rngtively, @ st iz provided whio

hich memaory cefls are arayed at the fust a

s and the second address. And a conrol mathod of & stora

which accesses a memuaty cefl gray in

i & gystem incl g & contiol m i and controfiing the storage means, whersin the control means comprises a |

3

s information at 2ach time. A control method of a storage unit
according o the logical address i g is controlled o be generated in 3 time

celt arvay included in the storage means in

-bit increasing address thatin

map s
division after genersting the first address.

2 is changed, and

o168}

Ag de
itis possily
witich can efft

Bed in detall above, according to the prasent inventon,

& means in the

o provide a siorage davics, an internal control meth ce device, 3 sysiam, and 3 comirol method of a stora

mption withod

curesnt

g the package.

{v access &

1 an cutline of an SDRAM.
FIG. 2 is a schematic corfigurstion disgam of a DRAM core

FIG. 8 is a3 Mook diagram iilustrating 2 method of controfiing the memary davice accoiding to the first embodiment.

F1. 4 is a block disgram ilustrating another controt

ar internat operation of the memory device of the frst ernbodiment,

s contral.

FIG. € is a3 Mook diagram iilustrating acca:
FIt 9 is a block disgram ilustrating sces

0 s a block am ilusts

FIG.

.

FIG. 13 s a circuit diagram showing 3 spaciic configuration example of

FIt 14 is o cirnuit diagram showing 3

¢ configuration example of Fil.
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FIG. 15 is 1 waveform diag owing the internal operation of FIGS. 13 and 14,
16 is a circuit disgram showi itic configuration example of FIG.

zuit dlagram showing 3 ific configuration exsmpie i FiG.

FIG. 1R i a waveform diagram shewing the intemal operation of the Hodiment.
FIG. 19 is a block diagrarm ustrating & method of controlling the cast lxtency

is a biock diagram Blustrating access contiol a0y 5 ko the thitd emboediment.

a waveform chart showing the internal operation of ird ambodiment

e thine dete

uit diagram showing s specific configuration exsmpie ¢f 3 pradeteny

a wavefarm chart showing the imemal operation of the fourth embediment.

is a wavelorm disgram illusirating a mode setting cycle

ands.

=xplanatony disgram of oo

is 3 waveform diagram iHustratis atting oyche.

11 Operation wav > pragram node setting o

FIG. 28 is an operation wavetfonm diagram of the pragram mode setiing chreuit.
FIG. 29 is an operation waveform disgram of the comiined entry signal generalion circuit,
FIG. 20 is an aparation waveform

Hon wavetorm

is an operation waveiony diagram of the mada seliing decoder,

o
o
I~
o
@

ram itustra

a conventional method of controliing a memarny d

FIG. 34 is a wavelform disgram showing & conventional internal opers
FIG. 85 is 1 waveform chart showing an internal operation when the © ertional pagy

a block disgram lustrating convantional access control

gram ilustrating 5 control mathod for 8 conventional activation circuit.
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Ey P27 FLRAICKETZ2E 1) —Fa<-r FoRET»Po 81 F— 3 HHETOH

ILAF vy, fifd (N—i) EvFroE27 FLACHIETZE2)—FaeryFo

ET2oE27— Y MNFTOE2 L AT I ES D LI, MEHMLAEI E

VIDEITFLRAEZEWMY AL I E2RBETEL AT L,
(FERE10]
HiELHIEF R IE, AT 7 v A WEEHR2Z, PPLREFa— S LHlfESICL?a—

FEHROI DI NP T LA RBETIERBFITHRDL AT 4,
BRE 1)
EBDT FLAEHTEHCTMEY POFE1IFPFLAEEMEY PO BAHVNE

YIEDE27FLRAEEWMDIAR, AFEVRABTPLABIAINEZEAEYVRXALPLART

723 rEETFRE, BARBTFR2GEHTIHMFREEZMALCATAICE T 28K

FEREOFMAGETH - T,
i A FEE D, MEEBFRBIC 7 7 v 2ATMEBEREME T2 &
BiglEl B FED, Mg 7 7 v AWEBHRICE SV, HEAE VL7 LA ORET

VAR y 7HREZBMEFERDO 7 FLAMT IS iy PSS (M4 i) Evy b1

FRVRAEHENE Yy PEIOHBiEy PR (N—i) EvFOE27FLRALETESE

NE2HB7Y FLARYy PIRICEE L, ZFERFOHEMLAAE i vy roFE 17 FL

A%, MEMEY FOEI 7P FLAZKREIHLBICEBYEH cREIE, i (N—i)

Ey POE27 P LAKREGT 28 IV —Faw vy FoRTLo B 1 F— Y HHETDE

ILAF v, B (N—i) EvFOHE27FLACHIETA2E2Y—Faery Fo

ET2oHE2T Y HMHNEFTCOE2LAF IR AZEHIC, BMEMMLAET E

vy FPDEITZERFLVAEWMYAL Z &

EMiAL, VAT LICBY S EBEFEOBIMEAG B,

(FEW DM 7 B ]

[0001]

(WO BT 2 BB

AFEWHIF, HREE. BREBONTHIMAE., A7 45, RO RATLACBY 20EF
BOGIHGEICETZ2bDTH B,

[0002]

EE, TV REEEPMEELERLEERAEY (¥ 149 3 v 7 RAM:Dynanic RAM) X
VHEE (VAT LAMD) »OoERINGEREBEROMK. T/ AEHl (BERAKEOE
A¥A) . T/ ONRBOWE (1 72X TF—%2HIHIEy FRIFBOK) %X
h, HEERPERTZ2HEICHZ, Zhithv, 2BV FAL ZZEEL LY AT 418
BEEOHBBEROHMIZ2ERLEE->TED, FEEL O AT Y FNNAL RO HEE IHIR
BRDSNTWD,
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[000 3]

¥, MBAOMBEROHERKE., AV FANAL20Fy TREERZ2BIOBAYH L, —
fitic., DRAME A DF— ¥ EFHFKEM (= Refresh$F ¢ : TREF) I EHETEMNMT 5 (FF
BEIPELS22) oC, CoRE2r b HBEEROHMP KD 5015,

[0004]

o T, ¥EEAEVE, BEBABOHRCLPT7 7 20E#E, | JONRIBEOIHEIRE &
Do EE, HEBENOHMPEHKEICRD LTV S,

[0005]

[9& 3 @ £ 17 ]

ARV TFNRALREF, BEOAEC VAP T LVABMBINLAET VAT LA LRV RAT
TEBELTWS, FEAEVLLEYV—-FREEY PREERIK, v 27y 7iEEy b
MICEHRSNTVWE, VYA 7 Y 7EEY FMEERNTHH, 120 LDFER (V—FF
—%) OWIELEREETI .,

[0006]
AEVEALTLALABHT7FLVARID Y- FEPERINZXERAmME, 717 FL R
dhEy ey 27y 7PERSI UL YBRAB LT LARBRHINS, 1ME Y b
DAEVHEETHNIE, ~PELTAEYFALZ0HBE7FL2E, 10y F (2'°
=10244KA07—F# :WL) ®X7 FL 2 (Row Address ) #. 1 0E vy + (2!°=
1024KDEYy P :BL (102427 7)) ®Y 7 KL Z (Column Add
ress) ORI HIENTESL (H: vy MRIER=—"NOoMHEME Yy FR) ., T &
VIRV -PFHREEY FEOBEHEE Yy FORILCTHENIE, RENEXE YT LA EFIEAE
KA A=Y IN5S,

[000 7]

AEYTFNAL ZONFEHEEZ, A7 L70y 7CLKIENLTAHETHISLSDRAM
(Synchronous DR AM) %@L THHT %,

SDRAMUE, flfla~wry FELTAEY FNAL AVEY, FEEET IOV R T LY
0y 7CLKIAMLET? 547/ 7V Fry—YawrF (FEFAPFEOXE) FNL R
TEF Yy TAF—TNEESCE (7 /7 AN —%2RT) O TFHEZED) L. A€
FNAARL T =82 AT 2HD)—-F /" F4baey FICkOEET 2,
[0008]

VAT A7y 7 CLRKDOVEYDZyPRRRVWTTP 7T 47 a2y FEAFHMSI NS L
CXZ7RUVAERYDRAAXFa—¥T7Fa—-FLT—RKo7—-FEZERL., 202G
b2, BIRENAET7—FHBICERINEZNFTNOAET ) AR ZEZNZFTNDOE v
KF—=%%2HNL, 20 FNOR VAT Y IR F— S 2HEBLERE (F—3%D5vF) ¥
%,

[0009]

FOH, PATFALI7Oy JCLKDOVEYZy PRV T (77 F47aey FhoHC
LKEHRT) V—FawryFzaAHAMENn3 s, YPFLRAEZWROAAY T a—57TF
A—RFLT—2DVYRPYy TOREINLT—FE2 AT I, Z2HABIcH T B, &
7o, 94 ba=ry FEAFHMEINDE E, YPRFLVAZRDAAYTFa—-—¥0c5Fa—RFL
T (I basy FHAIIIRBICATENKL) BIART =¥ %2 2D YAT7Y T2 AHL TR
EVRANRRHERAL, 208, BIRAHBERIGLTY =R,/ 94 Fa<ey FEERTEZ VL,
HFLEDY 7 FLARIGL ARV RV EAFEDOT 7 AETR I,

[0010]

V—=F/" 4 baery FPRTLEBIFZ, AT 270y 7CLKDOY LDy IR
T (V=F/ 94 ba=v F»oHCLKENT) 7V Fry—Ya<ry FE2HML T, i
Bl —FREe A7y 7Ly bEEYV Y P (294 X) LTAXEYT L
L EMHRE (ROo7 7574 7a~vy Fifais) KR,

[0011]

Vey FEIEE CEATRE E2D, SV Fry—YaRry FhroRO7 7574 7 a2
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FEHMT2ERUCLKOMY (55) BBETHS, Afkic, 72754 Ta<wv ¥
5V =R/ 54 bav s PETHRCLKDOHF (5b5) BBETH 3,

[001 2]

W, S TCRIHOEHBNMOBICAT )T LADARAIE Yy PEP 1 OBATHMHEL 2D
CAEAOE Y F#EPn (nl SJOERET (ex. 41,70) ) oB&ICE, YT FL R
KWEoTHARKIEnBOE Yy A7y PR ERING, 2L T, L ryA7r iz Zin
Ho 1,/ ORXNREANALTCZRZTN Ol /JOE—PICERINS,

[001 3]

Y7FLADEIR, R—=YELRENSE, A€V FAALRE, 1HOT7 7574 7avwyv
FIZIBEL, 2B EB T /ONABPXR—VEORO VA7V T2HEIE 3, A
B, YPRLAB8E Y b (YA0:7> ) KBRESNZSDRAMOBE, R—YEIR?2
56 TH%, TDSDRAMBI2E Y FrDIL /ONRBERESHBE., 77574 7Ta=wy
FIZIBELTAREDE, 192 (=256x%x32) Hoxryx7y 72P8BET 5,
[001 4]

SDRAMIF, BEEANT I B3 ) —Faxry N2k 7754 7a<ey RTOERL T —
FRCERSINWZEEDOAE ) R VORBREZEH OV ATy FIcznZFns v 573 5%,
o, 1RKDT7 — FRREFZBHEMLTNR., R—YE2OA®) 2 VOBERE EHE N ICH
ART LR TESL, FRT 2L HBEANINBZY—-F/ "S54 bavw v FEICEaIC Y
FERRIADEINZY TP FLVRAREIDY T a— TRy A7y 72ERTZ LT
VEBOYTPFLAOXEY kA oEREFRALT, I, X7 RFLVAGEEL X EF
YPRUVARZES VI AT I7RATHEILENTESL, COLIREELZY 7 FL AELD
EEMS, M, 74 Pa2 Y FIIRLTCOARIKERDOY 7 FLADAEY v VICERE
HEAL LV TES,

[001 5]

COYT RFUVREBREETIE, v FLA7 7 20EMEICMA T, —BO727 5472
RYRFIEDEET 22 A7y THOZNEFNDR VAT Y Iy FLEERD T —
YEMBEHCHMEATZ LN TES, 2Fh, ~HOV—-FHERORKEER L ~HMo (H
B) v A7y 7icksd (HE) By PRAMBERICED, 256 _R—YIcHENns A
EV AR LTI VLT 7 ABABERD,

[0016]

i, 1Ho7 7 AICEHT ZHEERE., AILKRCEELINEIR-—YANDT 7L R
FIHT7—FHRORBBLE Yy PBORKEBECLZ2BEBR 2 H o LEER 2, 5T,
FEICEELE N2 R—CHO 7 7 2 AREB S VWIEE, SDRAMD7? 7 & 2K H 7
DOMBEERIZA AR A S,

[001 7]

B, Y7 FLVABEBETR., 727254 7a=y Fes)—F,/ 54 ba<wy FZEM
TRETCWKMERZay s E, 7VFr—Lav sy FroRXRO7 75747 a<wy F%2H
MIT2ECRBELIOy 78E, BEE2EICHOEHEBPE v, fEoT, ABHNR
FF—IREETZHEE (F—FH5EX) PEL, YATFLRBWTIL SONZRDEEN
v, s, A7 7uy 7 0ERPES %5 (GRAKICRS) EE, LA TV
PERELLLOBITINIERSAVWSDRAMTRARINZRDF— % HEEXEBEL TE S
EVCIMBERDH B,

[001 8]

(FHPEHRL LS &T 28E]

EZAT, SDRAMZHATABEEDSC AT AL > T, 77¥AT3Ey FERD
v (AARERELEZAEY P, SEY FRE) b0BHD, TOXIHVATFALICKD
SDRAM®D7 72k, 1HO7 754 7a<wy s )Fryr—Cawy oI,
R=VREIVDPBVEBEDOIV—F/ FA L EELPET, ROT 774 7avr FickdX
PRUVABEEINS, 0L 8L, BENICX 7 FLABEEBELERS, Zo0H)
fEcid, 1RoO7 7574 7a<2ry Ptk hiEEMEN2 2y A7 Y PRMFHIFERI 0
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T,

[0019]

BZE. YPFLVAEZZEE (X7FLVAE—E) LTA42D A ALICHLTT 7L R
T2, CoOHE, X7TRLARIVBERESNZ 1 AOY - FROARMEBRBR & . EHELT
52V ATy 70K (8192MH) (2rvA7ry I3y FMHORKEERZ2E )
KNGS 2BREEET S, COLEOHEBEREZP (y) ¢35, ftoT12DA%EY
LALICHTEZ 77 A0BEEERIEZ. P (v) J4¢#%3,

[0020]

—H., X7FVLVRAZ2ZH (Y7PFLREER) LTAD2DAEV V2T 7 AT 584

CXTFRVAREETZBRK T VT4 7avry RS ) Fr—Yaery P20 EET 3,

o T, ZDOTF7 7 AHEOEE., X7FLAZBEELTC?7 72 AT3EE048 (4X
P (y)) OWEBEERE:AZD, 120X FEVLLMICRNTZ27 27 2A0MBERERIZP (v)
kb,

[0021]

T, XPRLRABEBREELZ2SHTELATFLART? AV r—vavofst, YT RL X
BEL (R=VEBEDPHEL) XPTPRLABEOAEY FAL ZAREHTH S,
[0022]

L2l AEVFANL ZRZHEHTZLATFTLDT 7 RAFHE, 77V 75— aryDRAF vy
TIEYODXT7 FVAEBREELY P FLABERBEIRETZIHEPH S, 0k 4l

B YT PFPLABROAEBY TN RZHEHT L, 77 RDBFICEL>TT 7 2 A
EPBO TEL 2288050, BERMLEOB T LR, —FH, X7 RFLAPRLAEY
FNALZREHEHAT L. WEEREHBOB T E 25,

[0023]

Fh, TOXIBXTRLVA, YPRLVADOESIDPELZAETY T AL ZRFEEMRE LY
AP Sy r —YOREIVPRLZD, ATYTFANAREZBEMICBERZITZ LN TER
W, ZDD, ARV TN A REETIERELZFERLEBI R TN LT aX b0

EnPHAEHBMOREMAZB Y T &,

[0024]

B, X7 FVABEHEO LI 2 MEBRORIVEELZBZROIET E, 2 Y FANAL X
DFy TORE (Prrr7raviRE) 2 LEIEZILPHE, ZoHes, BRELERK
FoTCTF— Y RBERHFUEIEML., TV RFBHFETHIZ YV 7Ly v o B2 BT D
RUNREHRORS RS, T2 ARBYVFALZAANDT 7R ARIZBELRICAEYF
NALZDON 7Ly 2Bk 2HARBZMALFy TRELRD, T2 EBEEED
BAAEHELRY 7Ly o B L2 BBABNOE L2 REHE., R, 77— REH
W%@%/Xfﬁm®ﬁﬂu%%&<#ﬂ%fﬁ&7f (V70 7Vy v 2 8fE) I
u\:h%U7vvy;@@mﬁH%%%#%@T7hxnm%L&wEVw%%ﬁﬁm
FTEHLIEWEBYD, PATFLDN T A=V ABET (1 JORRDF—F HEERDET)
75,

[0025]

RFEHG FEHMEEEZBIRT 22083050 TH>T, ZOHBWIE Ay r =Y %%
B2 LRl ENLZT7 7 A L HEBROBHM AR Lo T2 ARBER. TRE
BONBHMAE, 2255, RO XRFARLBI28BEBOHMAEZRET S 2L
b5,

[0026]

[(REE2 BT 2200 FE]
FREICEZROREHICINE, MERO T FLABTFZHCTIMEY FOE 1 7 F L
AEEMEY P EOBADBONEY POE27FLARAEEZIDAAR, AEV AT LA
Al INTRAEV LT LA R T 7R T 5RBEBIEVT, Hi@AEYVLALTLAD
WMETFLARy TRRE, 77 AWEBBERICEIVT, @EREHD T FL AT &
bbHbiEy FEZwL (M+1) Evy FOEIT7FLALHENEY PEXHDbiEy PAdRw
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(N— i) Ey ,OE27FLRETRINIHET N LAYy PTIHRICEE L, ZEHF
KHEVEMLAZHE i Ey bOBE I 7N L 2%, BIEME Y FOE 1 7 FLRAERESYS
EBICESBTRESELI T PLVAGMPEEAMBA,. METFLAF@PE R, ME (N

— i) EvyrOoFE27FLAKLHIETAE 1YV —Fasry FoRTGLOE1IF—YHAFE

TOEILVATY A, HiE (N—i) Uy bOE27FLARRHIETSE2Y—FNa=

VFPORGLOE2F S HHNEITCOHE2LAF b ELC B LI, BiEEEML

iy rOEI1IF7ZPRFLRAERDAL,
ERE2CEHORPICI NG, BT PV RAEBEFERE., 727541 7a= vy FOET

BRETEINWIWMEFE IV —Fawy Ficff-oC, BiEHEMLAEZIiEYy PDE1I T FL X

EFER b AT,
EREIKEROEW LI, ELE1IF7FLABa P RFLATHY, HERE27

FLAWFEaIFLATFLATH D,
FEREACEHROEH ICI L, BIETE2L4AF v ., E—FLYRFICRBEINT

Vw5,

ORI S W RSO FEHIC L IE, FEEMER-—YEEMICuARING,

BREOS KAEROEHICINITE, HEHRO T FLAMTZHTMEY FO&E 1 7ML
AEEMEY FPEODBIADLOUNEY FPOEFE27FLRAEZDAAR, AV AT LA
A SNAEAET)V AT LA 27 7 AT 50BEBCBLT, MEATVL2ALTLAD
HRET FL A<y PR, BEFEEO 7 FLAMT LIS iEy P % w» (M+i) ¥
vy IFDOEIT7PRFLREHENEy PEIOb iy A (N—i) EvirogE27 L
AETRINIHHRTF LAy 7THRCERINZEE, ZWBE7 NV A~y 7Bk E
ERT L7 7w ARBBERICESCT, B (N— 1) EvIOE27FLAOWRD AR

RICAEEZIME I EYy POBE27 L RA2EILT 27 FLAEILFRE, SR

H7FL 22y 7IBEROZFICHEVCHEMLARE I EYy roBE 1 7 RL 2%, HEME Y

FPOBI PRV AZREIELBRICHIBTREIEL27 P VRAFIHFRE, 2fA, Bl

R FLARMFELRE, BE (N—i) Vv FPOFE2F7 FLARKHIGETSHEIV—Fax

VIFORGLLHEI T IR ANETOEI LA TR, HE (N—i) Evy o527

FLARRIGTAE 2V —Fav Yy FORTLOE2TFT—FVHANETTOE2 LA TV X

DR AZ IS, MIEZEMLAZIiEYy POBEI1I 7L AEMbD AL,

WMRE 7 EBROEHICINIE, TEHOT7 FLAGFEZHTMEY FOB 17 FL
AEFEMEY P EOVBDBOUNEY POE27FLARAEZDAAR, AEV AT LA
BIAlINTZAEV AT LA ZT 7R T 2RBEBICE T 2NEHEGETH-> T, #
FIAEYV AT LA OHmBTY FL A2y 7RE., 77 v AWEBERICE ST, BN
EHOT7 FLAWEFELEDDiIEY S (M+1i) Ev o1 7FLALHENEY b
oy ivy bbby (N—i) Evy bOE27FLRAETRINIHETNFLA Y S
BRICEET 22, MIGf@WE7 FL Ay 7EBROZBEICHFEVHENLAZHEZ i vy Fo
B17FLA%Z, MIEZMEY FoBE 1 7L A2 LS -RICHEIBoREsEE L
VEHiEL (N— i) Evy FOE2PFLARKHGTZE IV —Favy FORTGLLHEL T

— YHAEFTDEILATFyIMN, HiE@ (N—i) Evy bOE27FLRACHIET 352

V- FPaw v FPORGL6HE2F— S MANEFTOHE2 VAT I BRIAEZ LI I,

MEEMLAIiEYy rOHEI1I7PFLAZWMYARI L, 2WAE,

BRES CHEBOKEMICINIE, HMERO 7 FLAMTEZHTIMEY FO%E 1 7 L
AZAEFEMEY FID B AR OUNEY FOE27RFLRAEEZWYAA, AEV AR LA
BAINEEAE) VLT LA R T 7R T 2R EBEBICET 2AEHMAEETH> T, #
MAEVEALT VA OWRBT FLARy 7R EZ. 77 v AWEBERICE VT, HZEHT
EROT7FUVABTFIVLGiIEYFSE L (M+i) EvFO®ELI7RFLAERENEY b
DB iy 2w (N—i) Ev FOE27FLRAETRINSIHET LAy 7
R EBET 22, MIZHET I LAy THROEFICHECAREE A SHETi €y k
DE2F7 PV 2AZEMHLTL L, HEl (N—i) Ev 27 FLRIcHET 281

V- PFPamyFPoRGLOEIF—SVHRNETOELILAT o, BigE (N—i) By
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FDE 27 FLAICRIETAE 2V —Fa<wry FORGLLE2F— Y HAHEITTDOHE2 1L

AFv OB RIEDZEHIC, MEHMLAZIEY POEITFTFLRAEZWMDALI L

i A

BREOKIZBORHICINIE, TEHO 7 FLAMTEZHEVTME Y PO 1 7 F L
AZAEFEMEY FXDB DR OUNEY FOE2P7RFLRAEEZWMYAA, AEY AR LA
BAINTEAE) VLT LAERT 7R T 20 EFEEZMAZC AT AICEB YT, AR
BFRIC7 7 ABEBREME T I2HAFRELMA. MEALEFRE, AIET7 722
BERICEDSWT, BIEACV AT LA OB FLAYy 7TRREMEMNEHDO 7 F
LAMWTFEDD iy PEHWw (M+i) Evy POFE1I7FLAEHENEY Db iv
vy hAH» (N—i) EvIDOHE27RFLRAETRINSH 7 FL 22y PHRICEH
L, ZZEBECHECEMLZME Iy POoB1 7PV 2%, HiEdMEY POE 1T 7L 2R
ERAIELBICRECREIE, HME (N—i) By b 27 FLAKKHIET 358

1V —Fa= Y FoRFGLLE1IF—IYHNITOE I LA TP, fiEH (N—i) ¥

yFPDH 27 FLARMIGTA2E 2 —Fa<v FoRT»oE2F — Y HETOE?2

VAT A D b ELS AL LI, MEHMLAIEY FOFE I T FLAERYIAL,

[0029]

ERE] OKFEHOEHICLI NI, EREY CHBOXHOEH I <. HI#HFEE
LT 7 ABREERE., PR TFa-—SLHHERCLZa-FERDI BTy
TIT 9,

HREL VCEROEHICLINIE, IEBDO 7 FLAHTFEHOWTIME Y FO¥E 1 7 F
VAEEME Y PEDBALUNEY FOFE27FLRAEZNDIAAR, A€V AT L
AMINSINEAEV AT VA 27 7 A d50BFERE., BEERFELHMET 2 HHF
BEEZMATLATARLBY 2ERBRFROGBIMAEETH > T, BIRHME PR, BdlEE
FRICT7 7 ABRBRBEREAME T2, MREERFERY, R 7 7 e ABRBEBERICED
WT, BIEAEV AT LADOHREY FLA-y PTIERZMEFRERDO T FL AT LD
Lbitvy b4y (M+i) EvybPOBEIZPRFVAEHAENEY PIODBiEY Fdmw (
N—i) Ev FOE27FLRLETRINIGAET FLARy 7EBRICEFEL, FEEK
EOENLAZME I Ey PO 17N L 2%, MEMEY POE 1 7L AEZRESE L
BicoElcRESE, BME (N—i) Ey PO 27 FLAKKHIETZ2E 1Y —Fa=

VFORGHIPOEIF—IYHHETOEILATF o, B (N—i) EvhtogE27

FLRAIRIGTZ2E 2V —Faw vy FORGLPOE 2TV HOHETOE2LLA Tk

DB 2 k5, MiaEEMLAZIiEYy POEITZ7RFLAZRDAL I L, #2147k,
[0030]

(WD EED K]

(B—FEMEHRE)

DIF, REH2BEEKLL ZE -EBREE2HHEHT S,

[0031]

M1, EUVFANAL 2 (SDRAM) 100K 2#HET 220070y JRTH 3,
AEYFANAR10E, CPU (KTFMK) EHFIN, ZCPUER., 77X AEBHO 1
B IZFERE7? 7 2 AREBEHREZ AT FANALR10KKE522, ARYFAL 10, 7
7 AEBHRICHE > THEY FL Ay 7TIBRZ2ZEET 22>, #d3 5 &, £
EUFANALRAT10E, A% (CPU) XOHIMENE 7?7 e AMBBRICEEL THET
FL2<y PTBREZ2ZEET 3, fitoT, CPUIR, AEVFANA X1 00HBETFL A<
vy 7R EHMEM T AEYaybo—5 kL CHET 3,

[003 2]

ME7ZFL22y 7IRE, X7FLXEYTZPRLADESICIOVBEINS, A€V ®
NP VLVADBEBE —ETH2, foT, ABIVFANALAZ2101F, XTFRLADES LY T
FLAOES 2 MW ICEET 5,

[0033]

AEYVFANLRT 0., BEORE7Z7FL Ay 7HRICED, X7FLADRKELEY

10

20

30

40

50

Petitioners
Ex. 1059, p. 199



(9 JP 4012393 B2 2007.11. 21

FRLADRAKEZ ZNZFNEET2L2DICLELE Y P ROTFLAEES24B7 FL
AT OANT D, Z2LT, TORXREYTFAALRLI0EF, EENRKALATYVEEL I
ODHBILINEZABYTFALREAUATBEREZAEL TV,

[0034]

WzZE, 6 4MEY POBREEZFOATYTFTALR (321,70, 4Ny I7HR) ., —
W (EMEK) 1K, ANV 27111,/020wT0, 5MBOAEY L EHRHED, &
YI2RB2E Y FOANY I T RLARKEDERING, EANYIOAEYRALIE, 1 1EY
o T RFLR (X7RFLVR) WEHBEBRINZEH (2048K) ov—FEe, 8
Ey bDasA7FLA (YPFRLVR) KIDVBEREINZEK (2564K) oy M
IO 7L ABIENTV3, 2LT, SDRAMEDOAEYF AL RIE, PRLRARALF
TULIZAFRICEDX TP RVRALEYZPRFUVRAZHYIRAL LI BRI N TwE, fEo T,
— I AT FNL RE, 1 3KDOTFLVAEY2MA. ZRo»5 13 EYy POX7
FLZR (9B2Ey PNy 7 7FRFLR) L YPRLAZRBSHE TRYAL,
[0035]

RIZ, ABYVFAAL X1 0DBRABEERZIHWT 5,

AEYVFANL 210, 7oy 7Ry 7711, avyRFFa—%12, 7RLVANy 7
713, ANy 7714, BIHESE Iy F 15, TE=—FLYRY16, 7FLVAHKE
FE 1 7, H#EEAA - HHAMBL (170) #EEE] 8XUFDRAMa7?1 9%FT %,
[0036]

rmay 2Ny 77113, 70y 74 %—7VESCKERUHNEE Iy 725 CLK?%
ABEEB»OANL, ZNSRETOCAERLEZAB /oy 7E5CLKI1 % &R E~NH
HE 5,

[003 7]

aw Yy RFFa—%12E, 70y 7y 771 1 p60RFE 70y 735CLK1, oF
ho7my 755 CLKIEIEEL T, AFEE» A Ha~ FCOMEALT S, 482
v Y FCOMIF, KEMEEETEF, vy 7L 7 +EE/CS, a7A7FL 2RO —
7125,/ CAS, 94 b A% —TNEF  WEEKSoY7FLXA+u—7E5 " RAS
PORERINTVE, 2LTC, avr F7Fa—4%12E, A7y 7EBE5CLKI1KIE
HELT, Z20RIHAEa~y FCOM, AL, &85 CAS, /WE, /CS, /RA
SORE (HLRAXEFLLYRL) o674 bavery P, U—FaeryF, V7L vy
avw vy FPEo&BEoavrry P2 57a—-F34 5%, 2L C, awvyFFa—%12E04fax
YFCOMPoInsFa—FLlLkZ&Hawry F2ATary FPROA 22— AVESHL
L7 FLvAaRy 75713, ARy 7714, §llEEIvyF 15, €E—FLYR¥
16 XTI /O0fIMMER1 8ICENT 5,

[0038]

TFVARYy 7713, Ny 7 7BEBRTIyFHEELAL, a° Yy FFa—%12H»
SONREFawy FITESTLWTHBEELS 7 FLAEBEAO~ALI OO ERNYIZ P FLAE
FBAO0, BAIZANT 3B, PRLANy 77131, AALETRFLAEHEAO~A
IOKUNYZ77FLAEEBAO, BALIZHMEL, ZROICEISTRFLRATFT—%%
Ty FTRELEDEHBMES 7y F 15, E—FLIRAFYIO6KTT FLAFEARKEL 7
Y %,

[0039]

AHHANy 7714, avy FFa—8 122604 32— A E5ICEITTHEELS
., AFEE»SIALA+T—DQ0~DQ3 1, ~2x7HlAEEDQME AT S, A
HANy 77141, AE7 oy 725 CLKIKREELTIA +FF—4DQ0~DQ 3
1% 1 /0f@#RE1 8iIciihd %, ., ANy 7714, A7y 7ESC
LKIWEELTI /JOHMERK1I S2»5DY—FF—%DQ0~DQ3 1 %4EEEIC
AT 2, $7, AMAOANYy 7714, =2 26@ESDQAMIIEELTIA FF—%
DQO~DQ31%2~<2A27 5%,

[0040]
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HHEEFEEF 7y F 15, a<wry F7Fa—F12260RAFa~vry FREA7PRFLANY 77
132567 FVAF—=%%2ANT 2, 2LC, fl#fiigEosvyF 153, choliEfa~
VIRV TP FLAF—FICEITOTDRAMa7 I 9 LTIAL P F—FOEZIAAR,
V= FF—2D#HAHL, V7Lbvya, A7V 7Ly aZ0RBOREBED LD
OHlMES 2T 5,

[004 1]

E-FLYRY 16, avry FFa—%12»50ARAFa~wry R (E—FLYx¥ky
baey ) REZPFLVANy 7713607 FLVAF—=%% AT 5, 2L T, €—
FLYZ2& 16, CNoRNPavry PREPFLATF—FIKEITHTDRAMaT? 19
KRN LTI EHEOLEEFOE—FE2RRETZ, 2L T, E—FL Y2516, RE
LEZE—FPORBRICESCHHMESZENT 5,

[004 2]

E-FL YR 16 PBEFEIT2E-—FoBHRICE, 77 2ABEBEHRI&EINDE, T2 %
ZEHHIZT., DRAMa7? 1 90HE7? FL 2=y PR E2RTEHTHE, E—FL
PAF 16, FOT IV LAWREBBERICESOWTERLEZ? FLABRERES2 7 ML
AFEAERB L 7TICHTT S,

[004 3]

FRUVAREMBE L 7. 7RLVARNYy 7713267 FLAEBEAO~AL 0IXHEDL
PRVAF—%%2ANT 3, 2LC, PRUVAFHARKI 7iF, T—FLY2¥%16DF
—FEPPFLABBEREECEITVT, ZO0RADODRAM27 1 907 FL 2=
vy THRERIEL CERLZO Y P N VAT =% Ea5 L7 FLATFT—%%DRAMa7
19T %, 7FLVARARBI 7, E-FLIRFT T E6RRBEINLAA—XIE
WHIDWTAAT FVADPSAL Y2V AY M LEaSL7 FLVAZHEBERT 2HEL2E
75,

[004 4]

I /OMHIEEIRK1 813, avvy FFa—$ 1250 Fa~vy FicEIwT, AHXIE
HAOMET 2, 1 /0MMEABE1 8k, AHARNYy 77 1426074 +7F—% (32¢F
v ) ZDRAM2 719 AL, DRAM2a71 90250 —FF—% (32Ev b
) EAMANYy 77 1 Al AT B,

[0045]

DRAMa 71 9, ¥ (KEBKETIEAD) OV I hoBRIN, £ Y 7 iCi
VEIEES Iy F 1 5 50HMES. TRFUVAREREK I TS50 7 RLAF -4
AT L7 RLVATF =% %20 ZThANT S, b, 7RLANYy 771 3KKIEDRAM
AT7ONRNY I DORIEHNIETENY 77 FLAESEBAO, BALIWBWALIK, HlHESF
vyF ISRV FLVARERK ]I 7, Xy 7HBIEETLRLTWS,

[0046]

DRAMz71 9, I#HESRT 7 RFLAF—FICETOTHBELEZAEY LT LA
KHLTIA LT =P OHERAAR, V-FF=FY0HABL, V7 Lvy¥a, A7V 7
Ly o HoRBOLMEFERZETT S, t>T. DRAMa7? 19k, Adh~ Ny 77
146 ANINEI74 7 —=%DQO0~DQ312HEBERT7 FLATFT—FIicED
WTHHED 7 FLADAEY) L VICEZIADL,

[004 7]

K2, DRAMa7 1 90MBERKNTH S, M. #HOBRE{OZDd, T THEDR
AMa719%2¥RT 2120y 7 o0THET 5,
DRAMa7Z719DENYZEAETVATLAZ21 %GR, ATV RLTLA 21,
BEOAEVEADB 7 LARMBEINTERIN TS, ATV LVE, V- FHWL &
By M (RRK) KIS, By bRy 270 7S JARERELTWE, ¥
A7 TS /ARE I LMERBCLIERSIN TS, HIb, X2V A7 LA 211
VXZ7FRFLAR (7 RFLR) WEH Y- FBEWLPERBIN2XERARME, Y7 FL
A (AF7L7FLVR) KDY asd hBRBLCLERYRZT7Y TS /A (S/AF]) PER
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ENBZYERAREILTLARBI AT Y 5,

[004 8]

AEVEALTLA21E, ZoOXERAMIKCKEIN2EHOT Y 70y 7 (Row Block )
ELYBHEABKEKBEBINAERD 25 570y 7 (Colunn Block) 253 %, 22T, o
v7ay ik, ARV RATLA2 I OXERAACKRTER Y27 7S/ A (S )/
A% TREINZ2ERTCHZ, £Hh, a3 L70y 2k, AEVERALPLA2]1IDYRE
AR T - FEWLICERIN2T 77 - FESWLHREMNTEKEINZHIRTH
%,

[0049]

ATV EATLAL21E, T=—FLYRY 1 6PRHTI77 A BEBRICIGL TR
FRLZARy 7IERZ2EEHTZ2HRELZEL. CORETFL A=y Z7BRIEF, =—FL ¥
A1 6o ENE7 FLABRERES (KEBBRETE. LT, 1= (Page) B
BEFBSTEVI) WKLo TEHEHSNS,

[0050]

FhT sk, A2V EATLA21 3, A—VREEBFICLODXTZFLALEY T FL A
EEMELCHB? PLA Yy TIEREZEET S, 2L T, =YV REEBHFICL I -
PE(YZ7FLRADOBI) WEEI NG L, 2B THEELINZ2 Yy AP 7S/
ADEBEBRSNSL, 2Fh, BET 7R XATELTF -V RPERINS,

[005 1]
CDIIHICHEREINBDRAMa7? 1 9, TOEDLNLEEABOHEB? FL AT 5
ANENETFLABEAO~ALO, "V 277 FLAESBAO~BALWEIHE
DXZ7FLA, YZFRLRADAEV R LICHLTTF—FYOEEIAA, AR LEOZHED
BB E% EITT 5,

[005 2]

M, A7 FLRAWmTFOREE, XPFNLADODIRNOAARICHEE T 2MTFRERLIZY T
FLAOIYAARICHBELEITZHFEOVWITNLZ O HORFHREICHREI N T WD, #
LS, X7FLABMEY b, YZPFLZAMNEY PZRESNAEAEYFAL2Z210
ZBWT, IZREM>NOBE, AE7 FLABTFORBEIMERIRESNS, L, &
EHEDOAE)FANAL X (SDRAM) 10T, BRRTI3EY FOX7FLZR (1
TTRLVA, XNV 7T RFLRAZEL) ZWODALZOD 1 3KEOHAE 7 ML R T i 2
SNTWw3,

[005 3]

K3, XEVFTAA R 0DHIHAEE2HHET 270y 7RTH 5,

DTFo@EHTE, HE7 FLARMTFOREEMEAL L, R—VREBEEBSICLIIA-—VE
MERE (MTF., 7VR—) KREINZ2HEDX TP FLRAEZME v b (XA<0:m>, (m=
M—1)). YZ7FVA%ZNEY b YA<O:n>, (n=N-1))&3% (L. M>N) , &
CARTER, BHoEE L. TRLANYy 7713 (R1BR) 31 ~8H37FL AN
v7713a~13ciBEBRNICaFLLZRETCRTL., SHELZVIREBOHBHRL T X
W

[0054]

S E-FLYRY T 66D R—VEEBEEGBIKEITVTINR—JIVHEVR-—VE
BRESN, ZOXR—VEEEBBICIVEMITAX7FLANIEy PET B, 2Dk
E.YTFRLRIE, iy b EATR, 20k, AEVRATLA2 1 OEBENLEAE
2V X T OBDBEMLE DS THE, 2L T, 2OHEMLEZIEY POXTFL
AEFE YT FLAORODAARIKAELERSZ (M- N+ 1) £FOAFE7FLAmHTFDI B
DiRPSWHIATENG,

[005 5]

T 2zE, B17FLANy 771 3alk, avvy FFa—F12»p60Ravr P
(K. Row Address MY A ARES) WHEISTVTPRFLAESAO~AMEANT S, B
1 7FVv ANy 771 3ald, AHLAETRLAEEAO~AMEZHEL., 2hoickEo
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KXP7RUVARTFT =% %99 F3T2LEBRTFUVAKAERKI 7ICHAT S,
[0056]

F27F L ANy 77 13bid, a~vy FFa—¥12250HREEawr P (KHA, Colu
mn AddressBD AAEE) WHESVWTP FLAEEAO~A(n—i)2ANT 2, 27
FLANy 7713bld, AWLEZFLAEBFAO~A(n—1)ZHEL, ZHLoicH
DY TP RVATFT =¥ %257y 532 ebIT7FVARERKI 7IcHAIT 5,

[005 7]

EHI3I7FLARNy 7713 cld, awvy FFa—¥12260HNEEawr X (KHA, Colu
mn AddressllD A AEBE) KEITVWTT7 FLVABEA(n—i+1)~An2 ANT 5%, &F
37RFLANYy 77 13biE, AALETPFRFLAESFA(n—i+1)~An%2HEEL, 2
NHREISXTPFLARATF—FINBYTPFVATFT =3 %279 F3T2LEBTFLVARESE
FE 1 7ICHITT S,

[0058]

TRUVAFEAREE] 7, H1~HE37a—5 (KNP, £FREE) 1 7a~17c. 7
Yy 7HEEEL 7d, ROAAL y FREKL 7eX&i,
BI~%35a—%17a~17clE, E1~FE37FLv ANy 77 13a~13chb
D7 FLVAF—FICEI VT, N 7 (BANK), v 71 v 2 (Row Block ). 77— FHWL
. a7A.h7uy 7 (Column Block), 2 7 AERMCLZEZET a—FOBEEICIE U C#lHESE
W32, 779y 7HELI 7dE, AALEEREO7 FLVAT =¥ 2 &L, 7a—Fo
EfEZzAES Y2, M, SIPHOEE L, AEEHETE, 7P L AFELRERE L 71251
~EIFa—F17a~17cicBEBENCAFLLRETHERL 22, 28 L 2VRET
AL TH kv,

[005 9]

DF, T2, Hl7a—F17aik, FEI7FLVAANy 7713 abrodfiians
X7FUVAF=2icHEITwTANry 7, vy 7uy 7 RV —-FHWLEZERL, 2056
WXET 32X P RUVA%EDRAMa2 7?1 9T %,

[0060]
HB25Fa—F17bik, H27FL ANy 77 13bhoHIENBY7FLAF—%IC
HEOWTasLBRECLEZERL, 20EAET2Y 7P FLA%EZDRAMa7? 1 9
135,

[006 1]

T, R=VEBEBBINI 2T INR=—V IV BHEWR—CEBEES O EL. *
DR—VPEBECBBICIVAAL yFHE]I 7 e PHEOERUBIYIBLION, B3 7
FLARNy 7713 cHEIFa—417ct#ERING,

[006 2]

Ik, B3Fa-F17ciE, BEI7FLARNYy 7713 choHhHEnsX 7R
VAF—%icEowtasasyuy 7 (BEEWICEY—-FEWL) 28RL. 2cxdis
TE2XT7FLVLAEZDRAMa7? 19BN T S, 2Fh, R—VRERBEEEFICIOHEML
iy bPOX7RLRE, YPFLZAOMDAARRICAELZZ (M-N+ i) Kost
WP FLABMTDOILD I KoM OAEFND, 2, ZDOEERAAL vy FREEL 7 el k
STHE2Fa =1 7bHB 77y 7RI 7AdCERSTSE, Znickb, 77y 7REK
17diEd, YPFLADOHWMYAABIZBWT, RAELAZZY7RFLRA2ENLT 2,
[006 3]

M, =YV REEGBFIRL->-TINR—VYDPEEINIHAICE, BE3IT7FLARNY 77
13 cHE2Fa-F17bcERINDE, TNk, FE2Fa—-517bik, HE3I 7
FLZARNYy 7713 choHASISNBEYTPRLAF—FIcEI T s LFERBRCL Z R
WL, ZRICHIETAY7FL2%2DRAMa7?1 9l hd3, ., COLE, 75
YTEE LI 7dIR, B3TFa—F 17 ciiERIN, YZPFLADOMYAAZBIIEB W T,
AEL 22 XTPRFLRAEEMNLT S,

[006 4]
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M, ROz, EROAEY FAL Z2OHMAEEZFMHT 2 70y FRER3 3ICRT
o BERTIE, X7 FLAZMORABLZDDOT7FLANYy 7751 ¢&, YPFLVARZEDIA
BEODDOTRLANy 77528 2hFh@dons, 2LC, R=YEZHE{fHFHT 3
BBk, 2D EESICEMLAEX7RFLAXRBYZ7RFLADOE Yy PEIZIGCTHE 7 L X
WM OARH (MXIEN) Z2HMEEs k575,

[0065]

M7, AEBEEOAE) FANL A1 00ABHELTRIBEERTH S, M., 2T
LELT6E 4Mbit (XA EY L) SDRAM (321 ,/0) o8ERERZRT,
[0066]

L. HARBIZCBWT, XEYFANL 210, 13EYFDOXT7RLR (77 FL X
RA<0:10>, N 27 7 FUL ABA<O:l> ) . SEY FDYTPFRL R (25347 FL ACAO:7>
) KO RAZHMEBET FLARYy 7TBRZAEL. R—VEP256 (71_—%) KHFREIN
Tw3,

[006 7]
AEYFANLZRTO0E, T=—FLY APy bavw Yy FMRSEIGHELT, 7NV RES
AO~A10%27FLR2Aa—FCode(CodeA<0:10>) L TH AL E E BT, N7
7RFLABank BA<O:1>) ZHbAE, 2L T, ABYVFALZX10E, 7FLXa—
FCode (CodeA<0:10>) WEITWVWT, R—=YEPage., ¥vy AL A5t CL, X
—A+EBLEOKEBREEZTI .,

[0068]

G, FXALAL Tyt CL=3, "—X}FREBL=2, R=YEPage=32K&E
INd, COLELE, AEYTFNALARTI0E, 16EY FPOX7FL R (277 FL ARA
(13>, NV 7 7 FULABA<O:1> ) . 5 EY FDOYZ7FLAR (23547 FL ACA<0:4> ) X
W 2mB7 FLACy PTERIEET S, Hib, R=YEAZIMHFL, 297 FL AR
3y baEmT 3,

[0069]
AEYFNLRZR10E, 7254722y FACTRIBELTY FLAESA0~AL10
ZRY 7 FLARow (RAO:10>) & LTHDRATE EDHIKANY 77 FLZAB an k (BAO:
I>) ZOHAL, M, Y77 RFLVRAOMDAARE, UERLC TH2-0EKT 3,
[0070]

M, E—FLYRAY Ly a2y FMRSATRIKBRELLZR-YE (=32) &, 2o
T2547 a2y FACTANBICRETZ2IIICLTHIV, ZoBA. R—VERR
ETEEDICHEREY FEIWMOY AL O 7 VAP AR B5, A, R—YED
BEWC2C Yy PBREABA, AEYFAAL 210, PRLAEBFAO~AS%2ZuY 7P
LVAROW(RAO:8> )2 LTHYAA, PFRLZREFA9, A1 O0%HE/HEEL THD
A, Xid, 77574722 FACTANBIHEHALAVwfEY Y (DQeA2 ¥ rnE
) POEDAATH v,

[007 1]

RWT, ARV FANALZ210E, 775747 axYFACTAANBOFEZ 0y 7% (#
ZiZ27uay %) WAODINE)—Fawry FRDIRKIGEZELT, ZRVAESFAO~
AS5%2a5 L7 FLACo 1 (CA0:4>) &L T, 7FLABHEA6~A8%Zuv 7 FL A
R ow (RA<I1:13>) & LTH YA,

[007 2]

DFH, R=VYEWERFEEMTZ23IEYy bOor?7 FLARowlk, V—FawrvF
RDIDAHKICEWT, 3347 FLACo 1 (CA<0:4>) DD IAARBERICARE L 4 24
W7 FL AWML MDAENE, 2L T, AEYVFAAL X210, 20877 FL AR
ow (RA<11:13>) IS wTas sy s, V—FHEWLZ2ERL., 20ERL LY —
FBWLERYZRICHIET 2 A7y 7S/ A%iEHELSE 5,

[007 3]

M, 775747239 FACTRIEZELTC7 FLRAESFAO~AL1 0% 7 FLARo
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w(RA<3:13>) L LT DAA, YV—Fa<2ry FRDIKEELT?FLRAESEAG6~AS
077 RFLARow (RAO:2> ) LT O RALHEREL T L, £, VU—Fawv
FRDIKIGZELTC?7 FLAEBEAG6G~A8%2U Y7 FLAROWHDIEEOE v FEIC
BbOALBERELTH R,

[007 4]

AEYFNL 210, V—FawryFRDIBEFTINBZ L, BESISNLEFYALAT
Yt CL (=3) RUON—ZXFEBL (=2) cEISwT, FV—Fa<wFRD1A
D370y 7BV —-FF—¥%D11, D1 2%ERXRENT 3,

[0075]

Z20H%. ATYUFTANL 210, V—Fa<w>YFRD2, RD3KMEXREELT., 254
PRLZACo 1 (CA<0:4>) R A 277 RFLXBank (BA<O:1>) W DAL, Z DK,
2EIBEUBEDO Y —Fa<w>Yy FRD2, RD3 T, Bl Y7 FLARowiZlbDiA
FNT. aFALAT7FLACo ] (CA0:4>) RUANY 7 7 FL ABan k (BAO:1>) @ AH
hArFEFnz,

[0076]

M., REEFBETIE, V—Fa<vY FRDI~RD3KED2VTHBPLZRN, 594 Fawy
FOBHILODVWTHRAKTHE, I, 777472 FACTANBZORTD 74 b
aw Yy P, #MLAETY 7 FL AR ow (RAKIL:13>) DA ENS, 2L T, 2[H
HUBEDOI A baery FTid, 2557 FLACo 1 (CA<0:4>) RUANY 277 FL ZBa
n k (BA<O:1>) OAMBEOAEN S,

[007 7]

M. oD, ROAEY FANL AOATMEFELZ R THEBREZK3 4 XK 3 5K
KR

R34z, R—YEPaged256 (7LR=) KHBEINBZEHED6 4Mbit (XA
Ey ) SDRAMOBEERTHSZ, ARKIKAT LI, E=—FLY¥R¥Ey baw
YFMRSAHBICBVWT, ABYFAALRE, 7754 7a<-ry FACTIIEE L T,
0y 7 FLAROwW (RAO:10>) 2 h AL, XRWwT, REYFNSLRE, V—Fazw v
RDI~RDIKIEREELT, 27457 FLACo 1 (CAO:7> )2 D AT,
[0078]

K35, R—YEPageWR32ICREINEZ64Mit (AHF Yy ) SDRAMOHEH)
R ERTH 5, ARKICART LI, HFuRR—YE (=32) 2BHT3E4ICE. o9
FFLARowW3Ey FPMT 2, M, 22V FANAL REF, 775747 a<vy FAC
TIIHEELT7RFLRAESFAO~AL10%20Y77FL 2R ow (RA0:10>) & L THL D A&
CTPRLZREFATISI~ALIGEZEMLAZTY 7L 2R ow (RAIL:13>) & L TH DA
tr, o T, fERTUH., HORA—YE (=32) KREINLATYFT AL G, #ML
Z3EYPOUY P RFLAROWEMDALZDDHAIE? ML AT EPBEBHICHXT
;| B N

[0079]

K8k, M7icBIB7 75747 a~Yy FACTRITHROT 7 AHI#H%E2FHMHT 2 70y
sRTH L, W, AKcBLT, K3 LHEHBEOBEBIICIE, H—FE52M4L Tz oM
LM E -HEET 5,

[0080]

aw Yy RFFa—%12 (N125K) . a<> FHAEHEE (KF. Command HEFRE) 1
2aé, avwryFHERK]I 2 arol I ns2RUOFERLLESEHHETIRA—-—Yax
Y F1EBE&KERE (KF., Page Command 1 [M B HEREIE) (LT, 2= FERHERBE)
l12b%2EL, M, REMBEBEICEVT, HHELELESE. 7-FEWLETR Yy 27 v 7
S/ A% E2EE5TH 5,

[008 1]

aw Yy FHERK]L 2ald, AE7o0y 7EB5CLKIRKBELTCTFa—-FLAZ&Ea~
YFD5b, U—FawrvyFRFesftbtaesryFP2HEL. HAEKIBLTY - FEELES
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NiE 74 ViEWRILESEH AT 5,

[008 2]

S K7WARTV—FawYy FRDI ARICEWTE, a< Y FHERK]I 2ald. Y
—FiE®BLEEEH T 5,

W27 FL ANy 771 3b (P, Address Latch ) &, # 7[EIE 3 1 J O GE H 1% 3
2EANALTCALDINZ Y —FiEH{ES (V—Fa<w>y FRDI1) KEITVTPFLAE
FAO~A4EANTE, 2L T, FE27 LAYy 771 3biEk, 27 FLRES
AO~A4AKESSaFAPFVATF—%%28E257a—417b (KF., Colunn Address
Decoder) I3 3%,

[008 3]

BI37FLAANy 7713 c (¥, Address Latch ) . A 7H¥K I 12 AL TCavwy
FREERE 1 2bicATENE IRIEBOY — FEEES (V—Fa<wYFRDI1) K&k
h, BFawry FHEHEKLI 2b 2ol SN s3BEESFICEITVT7PFLAESTAS ~
AT7T%2ANT 5, ZLC, EIT7FLANy 7713 ciE, ZR6T7FLVAEEAL~A
TIHESD O Y P R LRAF—¥ %28 3575a—417c¢c (H¥., Column Block EHF Addr
ess Decoder) ICH AT 5,

[008 4]
H2Fa—F17bix, H27FL ANy 7713 bl hEN5a35L57 FLAF—
FICHESOTaT LAERBCLEZERT 3,
B3Fa—F17cit, EIPFLVARNYy 7713 cholBhEansu27FNLRAF—%
KEITwTtasas7uy 7, V-FHRWLEERT 2, Shickbh, V- FRWLEUT®
VAT VTS /S ABERELLE NS,

[0085]

COX3KLT, avy PREEIRI 2biE, avry FPHERK]I 2 a3 5 1
BIHOU — FiEEES (V—Fa<>YFRDI1) oAZBRHEL., 20a< >y FIREEE
12b2s0BHESICEITVT, BRI N2 7 FL AR o w (RAIL:13>) 28 3 7
a—%17 clifEFHFans,

[0086]

Z2LTC, 2HH®Y — FiEMEMLES (N7A3TYV—Favw Yy FRD2) Tidavwry MR
HEHE 1 2b2oEESVSH SN RV, 2FH, 2HEMKEIKAETINSY —Fa~w
FRD2, RD37Tid, 7FRLARBHEAS~ATIEHEI7ZFLANAy 7713 clclth
AFE N0,

[008 7]

M. K1 3KV 4, EBRLZKSOBEENAEBEBRO —H%2 R THENTH 5,
N, KI5, RI3RUKL 4Rmn 3R AEEEO %2 R T EBRTH S,
[008 8]

MW, Mo zd, EROT7 7 AHHAEZFHHTZ 7 ey FREZR3 6ICRT ., ARIE. 5
ko7 72 AHMOFEEZHHT 25D THE2DT, AROMBELEREOMEETICO>WVT
. A5z, I36IKRTLIK, #ETHEH, R—YRENF256THZRY, 2
SLTRFLACo ] (CA<O:4>) £ EBIZaFI LT RFLACO D (CAH:T>) Y —FXRiEs
4 FEELES (b, V—FXWEJ94 taer ) ofaBICRIAENS,
[0089]

Ko, MSICTHWLAET 7 Az R—YREBLTHTIBAERKDVTHMHAT 2 7
oy JKTH B,

COWETE, R—VEEEBFIKEITVTEAAL vy FRIE3 3a, 33bDERMER
YBAZZET, HE2RUVE3I7FLANYy7713b, 13clicTS3yvFT357FLX
BEEZR-—VEWRIUTHELZE T3 X TES, LK), FE2RUVE3IFa—4
17b, 17cid, R—YERIELLZZDORADDRAM27? 1 90HEBE? FLAwy 7
BRICHBLTERLEZRY 7P FLAEaI L7 FLA%ZDRAMa? 1 9T 3%,
[0090]
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K10, 7—-FBEWLEFYL Y27y 7S/ ADEEATIMEEZFHT 2870y 7
TH 5B,

ARICRART ., 77— FRIEEALRE4 1 kY ry 27y PiEELRE4A 2, =2
EREGFBRIGLTCAANINZ av Yy PHERK] 2 aXidavy FHEHEIE]L 2bow
THNHIPOENEBEERIBELTTIT—FEWL, v v 270 7S /A2 20 ZFEHILESE 3
[009 1]

FHFLR, R—VEHEEGERIIIR—CVEPageBN 7 N_R—JCIHRESULIEA. &
WAL 4 1, 423, a< Y FPHERK LI 2a»507 27574 75 (775472
TYER) KIBBELTY—FBWL, 227 7S /A% znZhiEltse s, 2k
TV FA4 7 aey PRI - FEWLE Ty ATy 7S AR EIRT 37~
DICHELZOTI 7P FLADETCOE Y bR 22300 TH 5B,

[009 2]

—H, R=YVEBEBFIRIIVIR—VEPageRN 7A=Y I HE R EITHRE
INHHBAE, BIGHEARE®KA4 1, 42, WHBREE]L 2a»50KEES. 2EH Y —F
iz T4 FIEEMESE (V—FXES54 baeryP) CIBELT7—FEWL, v R 7
YIS /AEEREFNTERLEE S, chid, BELMIT AV -FRWLET 2y A7 v 7
S/ARERT DI, 77F47a=rv Ptk RiMdzsar7rRL e, =
AT Y RIREDBZBUINTIZOI 7P RLRAEPLBEELRLZDLLTH S,

[0093]

M, oo, EROEEAMRROHM AR EH AT 2 70y JMEKI 7TICRYT, M
Kz, RO FEEHLHHOFEEEFTET 250 TH20 T, AKOBRERE ORI S I
DWLTHE, I—/F52M3, RI3 7R dTkiic, ko, £EEMLHE®K4A 1, 42
CATYFHERBI 2Zah o077 T4 7 BEIRESTOA, 7T FHEWL, ¥R 7
YIS /AR EnFREELLEE B,

[0094]

DEEBLAEZE S, AEBBEICINIE. DTOMEEZ2ET S,

(1) AFYFANL 210, TE—FNLY2FZ 166 ASINER-—VEREREECIS
UT,. DRAMa7 1 90HBE7P LAy 7IWRZ2EEHT 2, 2L T, R—=YEBF7IL
R=VIDELREINZIBAICE, ZRICEVEMLEZOY 7P FLAROWD, RID
V—Fa<wryPFRDIAHRICROAEFNE, o kHic, HEMT 2077 FLARow
B, ZORBICHEHIATVLAVLABE 7 FLAWMTF2HERE L TEBOETCHRIAENE D,
HEB? PFLABFOEABEPMINZEET 2 LA R—VEZZHETE, WSy r—
EHEHET 2L TES, o T, HEMEORB{LLa A MEMENIET 22 L8 TE
%,
[0095]

(2) Ry 7 =P EEFTBLIELRAR—VEXZTET LI ENTELRLD, AEYFN
AAZMEHT 2BEEDC AT LARIG U RMBNLET 7t AFEVPEBABE L S,
[0096]

(3) £, N r—V2EET 2L, R—VER2EIFHTZILDTELZ LD
CREVYRATUYTSS SAOEEEELERNMRETCTAALST L TE, HEBEROK
WERS ZEBTES,

[009 7]

(% ~EIEEE)

DIF, REH2BEKLL ZE _EBRELHHT S,

AEMBELZ, F—EMPEOAT I FTAAL X1 02HHAL T, AKICIR-—YE®2256
POEI2REBTIHAIL. 2OR—VEEAEIZFVHEMT 2077 FLAOIDIAAR
BEOMORMAELHWE T 2D THSE, >T., AERABRBoIC>TE, A—4RK
AUORA—fF5%2ML 2o MAeBHE —HAKT %,

[0098]
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18k, EHEHEOARHFELZ S TEENTS 3,

AEBmFECE, M1 8LRT LI, Y—Fawry FRD1WB, 7754 7a<>v FA
CTolZuy r7BICATENS, 2%, 7754 7a=Y FACTBAANINTES
RNV —Fa<wy FRDIPANSIN2EITORMtRCDPtRCD=1KHEESN
VBV -Fae Yy FRDIPE-FERBFRELIVL 1 7uy 7R ADTINE, (BhA
. B—FEfEETIE, tRCD=2 (M7&8) ,)

HoTC, R=VREE (25625632 EHE) KFELHEMI 27 FL AR ow (RAC
113> )P E—FERBELIDL 1 7ay 7 3RIWMVATH., 2HICEDT7—-FHRWL K
CZ2RICHRIET 2227y 7S /AP EFEl 70y 208 EELans,
[0099]

EZArT, I, Y- FHBWLOBEELBFELEZER2CKTIE LD, 7725747
a9 Y FACTAHDLSY —Fa<wy FRDIANICE>TT7 7 e XEENBEBENS £
TOMY (Fib) PORETHE, COMTHBEE, oy rBRoRBERKICEY BN
HEMFHINTCUI2BBO—BRW AL 70y 7EABEBCEEE2/ 0y JRETH D, fE-o
T, V—Fa<w Yy FRDIWESK P72 RHEOHKIA IV 72, YV —Fazr R
RD1 AR OREWIC1 70y 7 3BLEIRHEND B,

[0100]

—H. FrALAFryytCLE, V—Fawry FoAh»s )V —FF—%DlHhEtn
WM (Z7oy 28 2HET2bDTH2, 20O, M1 SKRT LI, BIUDOY —
Fa=YFRDIKHIETZFYALATFTYy>tCLIE, PORESNLIFYALA TV
Pt CLDfE, tCL=3 (REM) 25t CL=4XEHEHINS, f>T, AEYFAN
A A, V=Fa<wvyFRDIEGHDPA7uy 7BICY—FF—=%D11, D1 2%JE
XKW T 5,

[0101]

Z20H%., AEVFANLRIEFY—Favy FRD2, RD3KEELTasIL7PRFLRACo
1 (CA<0:4>) ¢ XN 7 7FLABank (BAO:1>) 2IEXIMHYAA, TOREINLF ¥
AbAFvyytCL (tCL=3: REM) KHE->TY—FF—%2EXHENTT 2,
[0102]

o, mEREEMEI, 2HEUEOY —Fa<wry FRD2, RD3 T, BmLAzoy
PRFLARoOWRIODIAEFNT, a5 L7 FLXCol (CA0:4>) &N 77 FLABa
n k (BA<O:1>) O AWbHAFNZ, M. AEEHKETIE, V—-Fa<FRD1~RD3
WOWTHBHLEDY, 594 bavry FOBABICODVTHHEETH S,

[0103]

1o, ¥vAL A7yt CLOKIMAELZHMWT 2 70y 7RTHZ, REBIKE
KBWT, Efawry FFa—4%12 (K1&W) ., #figda~vy FHERKEL 2a., <
—Yaery F1IHEBEERE]I 2b, RUF ¥ AL 4 57>~ (Cas Latency )flIEIE 1 2
ckhkel,

[0104)]

Higt e MR, a< Yy FPHERE]L 2alx, V—FavwyFXE 74 btavry FTtdhsh
BrHEL, V- FEELESXE A4 PEELES2HE AT 2, a~=v FEEREL 2
b, a<= Y FHERKI2a»oH TSRO0 Y — FIERLES XIS A4 gtk
BExzHmHL, 20REBESEXF vy A LA 7y HIfEEL 2 clcnd s,
[0105]
FrAVLAToUHIMRBELI 2 cid, A7 0y 785 CLKIRIGELTTFOED 511
HEOZuy yECHAHAGE2H AL, Az F (K1 8TV —Fawr P
RD1~RD3) BEITINTCLLZOHNT—IPHEEINDZ ETTCORBO2ED ¥ v X
LAF vt CLEHIMT S,

[0106]

ZLT, FXYALATFOHIEMEEL 2 cid, a<=y FERERIELI 2b 2o REESPH
HEhd e, 2ZORBEEFRIEELTZOROIF Y ALAT Y Yt CLOEREET 3,
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. BAEmici, REBEBPBBOXF » 2L AT UHIAREK] 2 clid, o<y FEHEREK ]
2h o DBHEEFRIGELT, ¥ v ALA Tyt CLOER2FOED LM (BRE
fB) b1 KRE<CT 3%,

[0107]

DFhHh, W1 8BWT, ¥¥ALA Tyt CLiF, E—FL¥2¥Eey bawry M
RSickbhtCL=3 (FEMM KFESHLTWVD, RIZ, 72754 7a<wFACTH
i, ROV —Fa<wyFRDIDPAANINDZE, FrRAL ATy oHlfRIEL 2 cic
F, a= Y FHREEKI 2b 2B HESNBREEEPANSNG, CoBBESICIEE
LTxF vy AL A 7Ty oHlEmEE]l 2cld, ¥*ALAFy>t CLOME (t CL=3 :#
) 2t CL=4REET S, B, FvyRALAT U HBERBK]L 2cix, RO —
Fa<vvyFRD1IAAKOAtCL=4ZAHEL, 2RHEUEDODY —Fav>Y FRD2,
RD3TiEtCL=31IY3%,

[0108]

DEEBLAEES e, AEBBEBIZINIE., DTOMEZ2ET 3,

(1) ZEBRETIE., 7274 7a<x Y FACTAHBORHDY —Fa<w FRD1
PE—-ERBEIVD1I 70y 7B ANSNE LT, R=—UEAZICHEHEINT 2
07 FLVAROWHE -FEEEILD L1 J7uy 7RI AENE, fEoT, 7 —
FBMWLEUY Y27y 7S/ A%2B31E1 70y 7 3B Ebs 3L 0%, %
OB, ¥ v AL ATy HIMERI 2clckoTY—Fasy FRDIICHIET 3 * v 2
LAF YLt CLBtCL=4EEINEIET, V- FEWLERYRZ27 7S A
EFEELIE o) - FF— Y 2N T2 CcoMBP+oICHEEINS, J0ickD
VRV EHERICBLWT, YU-Fav Y FRDI1IKESK 77 REEOHBY 4 I v
THEND T EiE v,

[01009]

(BE=EMEE)

DR, AFEWE2BA{L L 2B =EBLELIHTT 5,

AEIHEEZ., F-FHEBOATY FTANALZ102HFHL T, AEICR—SE®2256
POI2REBTIHAIL. 2O0OR—VEEAEIZFVHEMT 2077 FLAOIDIAAR
BEOMORMAELHWH T 2D THSE, >T. ARABRBoIC>TlE, A—4RK
KOA—RFE52M L TZ2OFMABHE ~EKT 2,

[0110]

K20, HEZEBEHEDO7 7 AflHMlZzHHET 2 70y FRTH 5,

AEBHEIZB W, EfRa-ry F7Fa—%12 (K15K) &, 8~ FHER B
12 a U ERMBMROERE (LT, BREBRHEE) 1 2d28,

[0111]

BMEREKI 2dicid, A 7oy 7ES5CLK1E, av Yy FPHERK]I 2 ar»sHNE
N577 54 7 (Active) BHE ROV —FXiEFI4 FEHLESBALENS,

[011 2]

DFh, avwry FHERKI 2aid, Afa~ry  NB 7754 7a<x >y FACTTHBY
BT 774752 MAOT 5, BREKREREL2dE, 77574 7B5KBEL. P
FEDLFHERE (LT, PRLALATFYP tALEWVS) BB, MLy 7R
LAZWYAL D07 FLVARNRAEBE2H 135,

[011 3]

., KREEFEICBVWT, PRLALAF Yyt AL, Aoy 725 CLK1ICHE
DLW TRRES N, KREHBRHEIEK 1 2dEAF 70y 7S5 CLK1IKKESSHEI vy 7
BezhyrbLig, 7TPFLARRAGE 2z 35, 2L T, 2oL SRHEMKERIE L 2
did., a= v FPHERE] 2 a2oBOOY — FiEHEESXE 74 MiGELESSHE
ENBET. TRLANRAEER2E T 5,

[0114]

G R—VEPI2LEREINDLE, ZOR—VEREGTICID ALy FHKE I 3
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M2 okrdEREECUELSNS,

EBI7PFLAARNYy 7713 clk, REBREME LI 2d»507 FLARARBGEICE I VT
ANLEZE7FLAGBHEAOO~ANZHIEL, 20 kkEISS Y7 P LVATF—9 %5 v F
LTEIFTa—F17cicihnds, 2L T, #375a—-F17cld. a7 FLAF—
st sassasaoy s (7—FBWL) 283757200077 FL X (RA<0:n> )
ZDRAMza719 (K1) tHHhT 5,

[0115]

LhARI, M20IR T I, KREKHEE]1 2d2»00RHBESICEITHTERD A ZE
N30 7FLVA (MLABY 7 FLR) F, R=YEEEBEFKEISTVTE 2 RUE
3Ny 7713b, 13cOVTNPITWYAETNSG, M, M2 2, M2 0 DRHK
e 1 2d0oBENZREREBERO -z R THEBERTSH 3,

[0116]

K21k, AEBEBONTEHEZ2 R IRBRTHS, M. ARTE., BEBKEHEIE1 2
dOT7FLVALAT YLt ALY, AR tAL=1CREINIEBAICOOGTHNT 2
[0117]

K2 1IART LI, R=YEAZE (256253 2KEHE) KFeHEMLiey? L
ZRow(RAO:4>) 1., 727574 7a<v FACTAN®KD 1 70y 7%z, BE&EHE
B12d26DT7 FLAMRABEIRI>TWMORAENSE, CHICKY, a6 vy IR
C7—FHRWL2ERI L, BRI AZT7-FHRWLEIHIET 2227 7S AN
mHELINn 2,

[0118]

20K, AEYVFNALR10E, V—Fa<w>Y FRDI~RDI3KMEXRGEELTaAI LT
FLZRCo 1l (CA<O:4> YRV ANY 77 FLABank BAO:1>) 2HWMbDIAA, FTOREX
hExFvy2LA45vy (tCL=3) ., "—ZXFRE (BL=2) > TYV—FF—%%
JEXRE I35, SO, MiEEMKIC, £V —-Fa<wFRDI1I~RD3icsWwT, #imL
B 7 FUVARoOwWHERDYAENT, 29 L7 FLACo 1 (CA0:4>) R ANV 7 7 F
LZBank (BA<O:1>) OAWMbYRAENDE, MW, FEBEETIE, V—Fa<wFRDI
~RDSIKDWVWTHMLER, 4 tavry FOBAKKOPVTLRAKETH S,
[0119]

DIEREARLZ LI, KREBHEEICINRE., UTOSREE2ET S,

(1) a=vy FFa—%12E, a<yFPHERK]I 2a2607 27571 7BHIIIEEL
THERE (PFLALVA Tyt AL) BBBIC7 FLVAEBGARGS %2 B 713 2 R0
Fl2d2As, ek, R=YRWZZFOHEMLZT Y7 FLARowlik,
T72F547av Y FACTO 1l 7uy 7% (tAL=1) KWHhAEhs, t>7T, -
EEELEMKE, 7T-FBRWLEFTLYy A7y 7S /A2 @ EEbsgs 3 0E
%, ¥, AEBHETE, BMLEZo Y7 FLARowd Y —Fa<wY FRD1 AKX
DbHBEWI AL v 7 TRYAENZ LD, ZOWDAAKRICBEBVT, #HAH7 FL AT
BEFl i G S o,

[0120]

(2) 7254 7a<=y FACTEY—Fawy FRDDIA IV Y, Rz O® N
BIZEET A7 FLAEEFRR-YE (E7FL 22y 7BR) KXshw, Ta4bb
VA®Yarvito—9 (CPU) 7754 7a<Y FACTEY—Fa<wY FRDORK
BEINZ20YI P FLALCHIET 27 NLRAES2HEANT 220 TH2, EoT, EER
Ko Thb, FRIZzIPILIERIFLLER (RE7FLAy 7TTERZEE T 588
) EHEAT R LN TE S,

[0121]

(€ATES i FiA Y

DIF, A%W%2 BAL L 2 BHEREEZHET S,

AERZREEZ, EZFEHERBICBY2RHBKRERRK 1 2dO7FLALA Tyt ALD
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CHZIECAL=0, SILRESINIHEBILOVTHHATZ2HDOTH B,

[0122]

H23ik, EWEREBONTEFEL2R I RERKTH 5,

AREBHWETE, I23LXAZT LI, R=YVEEE (25663 2IKEH) vy
M4+ 2027 FLARowlk, 72754 7a~v FPANBDO., 570y rikic, BEK
HEWK12d2607 FLARGAES IR Lo TR AEN S,

[0123]

DED, ABYFANALZL10E, 7727547 aYFACTOARNKESIS 70y 7ES
CLKDYEBYhzyPTtu? 7 FLZARow RA:10>)ZHbDIAA, 200, 570y
JRBRICBT A7y JESCLKOY TRy P THMLZTY 7 FL AR o w (RA<O:
4>y LY AT,

[0124]

IOk, AEBHEETIE, 7FLVALVA Tyt AL=0. GICHETHI LD
CEMLZZa? P FLAROWHEZHEHELIISO0, 570y 7RI WYRA TN,
FRICED Y —FBWLEORIET 2227y 7S/ ARIEZIFEO. 570y 74513 %L
mEftsnz,

[0125]

Z0H%, AEVFANL 210, V-Fa<Y R FRDI~RD3KEXRIEELTCaI LT
FLZRCo 1 (CA<O:4> YRV ANY 77 FLABank BAO:1>) 2 bDIAA, FTOREX
nrE¥Fr2v45vy (tCL=3) . "—ZRFE (BL=2) KEITwTY)—=—F5F7—%
ZERXRE AT S, ZoOB, HiEEAMKC, €Y —-Fa<w FRD1~RD3iCEWT, Hm
L7Za 27 FLARoOwWERIAFNT., 27347 FLACo 1 (CA0:4>) RNV 277
FLABank BAO:1>) OAWMDAENSE, M, REMBEPFETIE, V—Fa<w vy FRD
I~RD3KDVTHBELAEY, 54 bavsry FOBEIKODVWTHLEETH 5,
[0126]

DEFERLZEI ik, RERBRBICLINE., UTOMEE2ET 2,

(1) KEEFETIE, PTFLALAFYL tALY, tAL=0, 5REINZ~ED
RV EWEIHECENLZOY P FLVAROWS, TIZF47av Yy FACTDO0,
57uy 7HBICHWYIAENS, T, V- FBWLEFLYy2RA7r 7S/ AZ2E =
HRREIDLIFIEO, 570y /7R EHLIEZ I ENTES, SZHICED, R=VUE
MERIKBWT, V—Fa<w Yy FRDIKESS 77 2AHEORBIA IV IBENS
ZEiEnw,

[0127]

M, LIS ERPREE, MTOBRTEBL TH kv,

CEEKREMFREBICB VT, ARV RADOEY b T RUVAR, 7 FL RO TS
ZHEEAZ L, CoMICREI ARV,

[01 28]

T3k BVT, 77 7EIMI 7diE, TRUARAERBE D 7T NIRRT, S
BEHICLTH L,

K3 OERIE, AT TEIRKERELTCH I, I, 7FLAEFA(n—1+1)
~ANnKEISKY7Z7FLA, X7TFLVAZRODALZDOOEHRO 7 FL ANy 771 3 f
13 g2z FNHEITBEIIRLTE kv,

[0129]

K3 OWRIE, IR T LHIRKERLTH I, I, 7 FL ANy 7571 3h~
138, 20 ZFNXT7FRFVAXBYZ7RFLVRAZMOAL 2007 FLANy 77 %244EH
T2 ERTE, 2LT. 2060 IEE (X7FLAF =¥ XEYTFLAT—
¥) EXYUBRAGBEICLI> THERBRT 251 LTH Xwv,

[0130]

CR3OBEE, I6IKTRTEIRERLTH I, HIE, K5 A, &7 FL AN
v7713k, 131, 13nH, 2RZFNXTFLAXBRYZ7FLAZ2WHRALEDdD
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TRLVANy 772 BT LHIICHERL. R=—YREAZLCHFEVEMTZ27 ML R (X7
FLR) OARZWROYAL7ZDD7FLANy 771 3mEzHEHRITSZEII5CLTD kv,
[0131]

K8 awy FHERKI 2a, a<y FERHERBIEKEI1I 2bid, 2TY FL XBERMN
BTehr8AI1cE, 70y 2725 CLKI1IIEKELEVMOBERICRA TS v,
[0132]

TR1IO0IBVT, By RAT 7 (S /A) EWHAREIEA 20AFHT 2L L TH X
Wy

R8O, M1 1KATIIRERELTCO L, AL, 37 P12y 75713
cit, av Yy FPHEHEI 2ab»560Y —F /54 PiEELES (WY —-F /54 2
CvUR) BT FLVABHEAS~AT7REFENDAL, 2L C, a~vy FHEHRBIEK I 2 b
PoOBHBESICESVT, B3 Fa -5 17cd., 2HEUEDY—F/ 54 Fawy
FTix, 37 LAYy 7713 ¢y 7 RFLATF—F%FI7yFLawvwkHic
LTd v, M, M1 6&EKCK1 7@, M1 10oB&HARKBERD—MZ2RTEERT
H 5,

[0133]

cEZ ML 2B, KT ITOBRICEKS>TIT I 7 RFLARAEZ2R-—YRERKIGL CITHIHE
KOWTHRT, COBETHEH, R—YREBEEEBICII AL vy FHEK3I 3a, 33bDE
M ESYBEAONE I EICED, R=CEBIIELEZ2OBADODDRAMa 7?1 9 OHHE
TRVA=y Z7HRIERIGLTERLZTY PRV A, a5 L7 FLADPE2RVEI T
a—4%17b, 17chwoznNZThHIINn%,

[0134]

CE-RUOE EBBETIE, R-CEAZIFECEMLAETFLRAEZ 7754 T avwy
RACTAHBOBTOY—F,/ 54 bavy FTHMORAETNBZY 7P FLRLRABICED
RLkiic Ly, ZoflcBEINAZ Y, I, MLAE7 FLAERREOY —F /7
A ba=wy PICTRORAAZR, YZa-rYy FOoREZ oy 7% (MAX1 270y 7#)
KYZ7FRFLULAPHROAETNE LHKLTH v,

[0135]
CEERUEMERFE TR, MEREEE1 2dE&,. 7754 7ESRIEEL THEY
Oy 7HICHEEES2H AT 2L LW, AP 2®Y FAL RICEEKLT 515
B, A7y 7EHBCLKIIKEKS FERMB (t AL) B@BRICBREES 2 M H
THEBBEELTD kv,

[0136]

B ERBEOLSIIC, PRLALAFYP tAL=0, 5THEMLAEZTI Y7 FL X
RowZVALHE2ER I 200 FELEL T, ¥ 71575 —%1—1 (Double Dat
e Rate, DDR) AAXZHOVTEM&FKLLL b kv, I, Juy 7E5CLK, /CLK
(/3. n=) cRHEsh22070y 7E5%2HwT, ey 75 CLKDED
TR T RFLAERMYRAA, BHO I SOEMMEPELRL 7uy 75/ CLKOMZED
THEMLZa Y 7 FLVRAZRDALLIICL TS Lv,

[0137]

- RESERFETIE, E—FLY¥X¥ ey bavwry FMRS AOK, Xk 1@EED 72
T4 7avY FACTANKRIR-—YEEZEETELHIICLEY, 2BBHEOT 7 7414 72
2V RFACTZHWVWT, 206727574 7a Y FACTOAHICESWTR-YEZIE
ETBEHIICLTH X,

[0138]
cLRESERFETE, RPEO XY 54 ZICEKML L 225, ERBFE ATV I TH
By FL 2wy 7IBRZZEWEBICHERL TH v, M., FERHEE XY o80SR T
KAMTH 20N ERNFHEEZEET 5,

[0139]
CORAEYFNALRAE, Fy 7 A4%2=—7AE5 (CE) 3L 3u?77FL XA tno—
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785 (/RAS) ONBLETFHRH TP FLABFBHADDEZX7?FLR (77 FLR) &
LCHEET 2, Ric, ARV FANLR2E, V=FHLCE A MHIERBSEETT FLAE
FEY7FVA (2957 FLVAR) ELCHEEL, ZR6 7 FLAKRTHEESI LS LI
HLT7272RA%2T4,

[0140]

WET7FLAy PTIWIROZEEIEZ, UWToA )=y by —hFx GEEAB»LD 7
77X ATEMEHLZLHAEL» S ORI EE) IckbiTH,

A4 —Hrzry bty —FRE, APXCOE—FLYRA¥ ey bawry F2#H (MRS
FR) LEBALEKIC. ARV TN ZAABLO7 FLAERLLV 7 FEFE%2F v 4 *
— 7 NVEF/CE»LPSDT7 - FHREELBE XD RCERTZ, Znickh, 7FL 2R
FAERPES LS EZ2OHHOUWBMAEFELEOEE LA T 7 ABREEHIETE 5,
[0141]

AV—=Frxzv ity —FRoTHEBRT 3,

247 FLVABROAEDE—-FREIA 7V E2FHT IHEEBRKTH 5,
AEVFNALZ2F, PTRVABROBOE—-FREHOEHGF 2 A, Z0HMAMT»
S7RFLVAROBEE2RO25BOBHRICHELRBHREIM A DI ET, AT 7R
BEE P ILCEHBELZGILELBESHFORLEELZRIETE 2,

[0142]

M, 2V FANAL REFy 7427 NVEE  CE1IPHLRLVORKICEBFEEFEZITD
v, ZoHEIc, BAM I 2O ANINE TS LE—FRES/ PE(=7FL 2K
RBEWMFICIBEL TP FLAREFADDICEIS P FLXa—FCode2MWMbird
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Application of:

Serial No.:

Filed:

For:

Electronically filed August 5, 2022

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Jefferey C. SOLOMON Confirmation No.: 3549
17/403,832 Group Art Unit: 2139
August 16,2021 Examiner: TBA

MEMORY MODULE WITH DATA Attorney Docket No.:  NL023-02US02
BUFFERING

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

1.

In accordance with the duty of disclosure provisions of 37 C.F.R. §1.56, there is hereby provided
certain information which the Examiner may consider material to the examination of the subject U.S.
patent application. It is requested that the Examiner make this information of record if it is deemed
material to the examination of the application.

Enclosures accompanying this Information Disclosure Statement are:

la.

Ib.

Ic.

1d.

X A list of all patents, publications, applications, or other information submitted for
consideration by the office.

A legible copy of:
X Each foreign patent;
X Each publication or that portion which caused it to be listed on the PTO-1449;

[] For each cited pending U.S. application, the application specification including the
claims, and any drawing of the application, or portion of the application which caused it
to be listed on the PTO-1449 including any claims directed to that portion;

X all other information or portion which caused it to be listed on the PTO-1449.

] An English language copy of search report(s) from a counterpart foreign application
or PCT International Search Report.

X Explanations of relevancy (ATTACHMENT 1(d). hereto) or English language
abstracts of the non-English language publications.
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3a.

3c.

3d.

4a.

4b.

4c.

4d.

This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b):

[] Within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);

[] Within three months of the date of entry of the national stage as set forth in §1.491 in
an international application;

X Before the mailing of the first Office action on the merits;

[] Before the mailing of a first Office action after the filing of a request for continued
examination under §1.114.

This Information Disclosure Statement is filed under 37 C.F R. §1.97(c) after the period
specified in 37 C.F.R. §1.97(b), but before the mailing date of any of a final action under
37 CF.R. §1.113, anotice of allowance under 37 C.F.R. §1.311 or an action that
otherwise closes prosecution in the application.

(Check either Item 3a, 3b, 3c or 3d)

[] The Certification Statement in Item 5 below is applicable. Accordingly, no fee is
required.

[] The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916.

[] The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CFR. §1.97(c) is to be charged to Deposit Account No. 60-3916.

[] The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916.

(Items 3b or 3c to be checked if any reference known for more than 3 months)

This Information Disclosure Statement is filed under 37 C.F.R. §1.97(d) after the period
specified in 37 C.F.R. §1.97(c), but on or before the date of payment of the issue fee.

(Check Item 4a, and 4b, 4c or 4d)
[] The Certification Statement in Item 5 below is applicable.

[] The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916.

[] The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CFR. §197(c) is to be charged to Deposit Account No. 60-3916.

[] The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916.

Certification Statement (applicable if Item 3a or Item 4a is checked)

2
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Sa.

5b.

Sc.

7a.

7b.

Tc.

(Check either Item 5a, 5b, 5c or 5d)

[] In accordance with 37 C.E.R. §1.97(e)(1), it is certified that each item of information
contained in this information disclosure statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three
months prior to the filing of this Information Disclosure Statement.

] In accordance with 37 C.F.R. §1.97(c)(2), it is certified that no item of information
contained in the information disclosure statement was cited in a communication from
a foreign patent office in a counterpart foreign application, and, to the knowledge of
the person signing the certification after making reasonable inquiry, no item of
information contained in the information disclosure statement was known to any
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing
of this information disclosure statement.

] Each item of information contained in this information disclosure statement was cited
in a communication from a foreign patent office in a counterpart application, and the
communication was not received by any individual designated in 37 C.F.R. §1.56(c)
more than thirty days prior to the filing of this information disclosure statement.

[] Pursuant to 37 C.F.R. §1.704(d), each item of information contained in this
information disclosure statement was cited in a communication from a foreign patent
office in a counterpart application, and the communication was not received by any
individual designated in 37 C.F.R. §1.56(c) more than thirty days prior to the filing of
this information disclosure statement.

Copies of each cited U.S. patent and each U.S. patent application publication are not
enclosed pursuant to the USPTO OG Notice dated 05 August 2003 waiving the
requirement under 37 C.F.R. 1.98(a)(2)(1) for U.S. patent applications filed after June 30,
2003.

This application is a continuation application under 37 C.F.R. §1.53(b) or (d).
(Check appropriate Items 7a, 7b and/or 7c)

] A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed
herewith.

[] Copies of publications listed on Form PTO-1449 from prior application Serial No.
, filed on , are not being submitted pursuant to 37 C.F.R. §1.98(d).

X Copies of the publications listed on the attached Form PTO-1449 that were not
previously cited in prior application Serial Nos. 15/857,519, filed on December 28,
2017, 14/715,486, filed on May 18, 2015; 13/971,231 , filed on August 20, 2013;
13/287,081 , filed on November 1, 2011; 13/032,470 , filed on February 22, 2011;
12/955,711 , filed on November 29, 2010; 12/629,827 , filed on December 2, 2009;
12/408,652 , filed on March 20, 2009; 11/335,875 , filed on January 19, 2006;
11/173,175 | filed on July 1, 2005; 11/075,395 , filed on March 7, 2005, of which
this application claims priority under 35 U.S.C. §120, are provided herewith.

This is a Supplemental Information Disclosure Statement. (Check Item 8a)
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10.

11.

Date:

8a.

9a.

9b.

9c¢.

[] This Supplemental Information Disclosure Statement under 37 C.F.R. §1.97(f)
supplements the Information Disclosure Statement filed on . A bona fide
attempt was made to comply with 37 C.F.R. §1.98, but inadvertent omissions were
made. These omissions have been corrected herein. Accordingly, additional time is
requested so that this Supplemental Information Disclosure Statement can be
considered as if properly filed on

In accordance with 37 C.F.R. §1.98, a concise explanation of what is presently
understood to be the relevance of each non-English language publication is:

( Check Item 9a, 9b, or 9¢)

[] satisfied because all non-English language publications were cited on the enclosed
English language copy of the PCT International Search Report or the search report
from a counterpart foreign application indicating the degree of relevance found by
the foreign office.

[] set forth in the application.
[] enclosed as an attachment hereto.

The Commissioner is authorized to charge any additional fee required or credit any
overpayment for this Information Disclosure Statement and/or Petition to Deposit
Account No. 60-3916 (order no. NL023-02US02).

No admission is made that the information cited in this Statement is, or is considered to
be, material to patentability nor a representation that a search has been made (other than a
search report of a foreign counterpart application or PCT International Search Report if
submitted herewith). 37 C.F.R. §§1.97(g) and (h).

Respectfully submitted,

August 5, 2022 /Jamie J. Zheng/ 51,167

Jamie J. Zheng (Reg. No.)
Customer No. 79141
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/403,832 08/16/2021 Jefferey C. Solomon NL023-02US02 3549
79141 7590 09/02/2022 I EXAMINER |
USCH Law, PC
3790 El Camino Real #1147 NGUYEN, VANTHU T
Palo Alto, CA 94304
| ART UNIT | PAPER NUMBER |
2824
| NOTIFICATION DATE | DELIVERY MODE |
09/02/2022 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):

eofficeaction@appcoll.com
jzheng @uschlaw.com
patents@uschlaw.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/403,832 Solomon et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
VANTHU NGUYEN 2824 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 08/16/2021.
O A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.

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

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-12 is/are pending in the application.

5a) Of the above claim(s) __is/are withdrawn from consideration.
6) (J Claim(s) ____is/are allowed.
7) Claim(s) 1-12 is/are rejected.
8) [0 Claim(s) ___is/are objected to.
9) O Claim(s) are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)[0 The specification is objected to by the Examiner.
11)@ The drawing(s) filed on 08/16/2021 is/are: a)l¥) accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)(J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  ¢)[J None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) E] Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [J Other:
Paper No(s)/Mail Date 12/11/2021,08/06/2022. —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20220826
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Application/Control Number: 17/403,832 Page 2
Art Unit: 2824

DETAILED ACTION
1. The present application is being examined under the pre-AIA first to invent provisions.
2. Claims 1-12 are pending and examined.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a) the invention was known or used by others in this country, or patented or described in a printed
publication in this or a foreign country, before the invention thereof by the applicant for a patent.

4. Claims 1-12 are rejected under pre-AIA 35 U.S.C. 102(a) as being anticipated by US
7,155,627 to Matsui (hereafter Matsui).

Regarding independent claim 1, Matsui teaches a memory module (FIG. 6: memory
module 103a) operable in a computer system, the computer system including a memory
controller (FIG. 6: memory controller 101) coupled to a memory bus, the memory bus including
address and control signal lines and data signal lines (FIG. 11: command address bus, DQ bus),
the memory module comprising:

» a printed circuit board having a plurality of edge connections configured to be
electrically coupled to a corresponding plurality of contacts of a module slot of
the computer system (see FIG. 3);

» logic coupled to the printed circuit board (FIG. 6: buffer105 of module 103a) and
configurable to receive input address and control signals associated with a read or
write memory command via the address and control signal lines and to output

registered address and control signals corresponding to the input address and
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Application/Control Number: 17/403,832 Page 3
Art Unit: 2824

control signals (FIG. 11: signals on command/address bus), the input address and
control signals including a plurality of input chip select signals (e.g. bits to
identify ranks 1 to 4, see 17:49-51) and other input address and control signals,
the plurality of input chip select signals at least including a first input chip select
signal and a second input chip select signal, the first input chip select signal
having an active value and the second input chip select signal having an inactive
value, the registered address and control signals including a plurality of registered
chip select signals and other registered address and control signals, the plurality of
registered chip select signals at least including a first registered chip select signal
corresponding to the first input chip select signal and a second registered chip
select signal corresponding to the second input chip select signal, the first
registered chip select signal having an active value and the second registered chip
select signal having an inactive value, wherein the logic is further configurable to
output data transfer control signals associated with the read or write memory
command (because one of ranks 1 to 4 is selected at a time read/write operation,
see 17:52 to 18:3);

» memory devices mounted on the printed circuit board, the memory devices at
least including first memory devices and second memory devices, wherein the
first memory devices are configured to receive the first registered chip select
signal and the other registered address and control signals, and to receive or
output data signals associated with the read or write command (FIG. 6: e.g. one of
the DRAMs 110r1 of rank 1 configured to receive CA signals from buffer 105 for

read/write operation), and wherein the second memory devices are configured to
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receive the second registered chip select signal and the other registered address

and control signals (FIG. 6: e.g. one of the DRAMs 110r2 of rank 2 configured to

receive CA signals from buffer 105 for read/write operation); and

» circuitry coupled between the memory devices and the data signal lines in the

memory bus, and configurable to be in any of a plurality of states including a first

state and a second state (FIG. 42: the circuitry as shown for transferring data

between DRAM 110 and DQ), wherein:

(@]

the circuitry is configurable to transition from the first state to the second
state in response to the data transfer control signals (FIG. 46: the driver
circuit transfers write data when to write data phase signal WDPS active);
the circuitry in the first state is configured to disable signal
communication through the circuitry (FIG. 42: the driver circuit does not
transfer write data when write data phase signal WDPS inactive);

the circuitry in the second state is configured to transfer the data signals
associated with the read or write command via registered data transfers in
accordance with a transfer time budget of the memory module (FIG. 46:
Jor DRAM module, time budget is write latency, which is WL=6);

the transfer time budget of the memory module includes a predetermined
amount of time delay associated with the registered data transfers through
the circuitry (i.e. the write latency); and

an overall CAS latency of the memory module is greater than an actual
operational CAS latency of each of the memory devices by at least the

predetermined amount of time delay (FIGS. 31-32 show the write latency
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of a memory device WL=4; FIGS. 41 and 46 show the write latency of a
DRAM module WL=06).

Regarding dependent claim 2, Matsui teaches wherein each of the memory devices has
a corresponding load, and the circuitry is configured to isolate the loads of the memory devices
from the memory bus (FIG. 19: the load of a memory device is isolated with NMOS transistor
turns off).

Regarding dependent claim 3, Matsui teaches wherein the data signals include
respective sets of consecutively transmitted data bits corresponding to respective data signal lines
in the memory bus, and wherein each set of consecutively transmitted data bits are successively
transferred through the circuitry in response to the data transfer control signals and in accordance
with the transfer time budget of the memory module (FIG. 46: see consecutively outputted data
bits after WL=6).

Regarding dependent claim 4, Matsui teaches wherein each of the memory devices is 4-
bits or 8- bits wide (8-bits wide, see 12:31-36), and wherein the first memory devices form a
rank that is 32-bits, 64-bits or 72-bits wide (FIG. 6: 8 of 8-bits wide memory devices form a rank
of 64-bits wide).

Regarding dependent claim 5, Matsui teaches wherein each of the memory devices is 4-
bits wide, and wherein the memory devices are configured in 8-bit-wide pairs (see FIGS. 4-5 and
16:24-37).

Regarding dependent claim 6, Matsui teaches wherein the circuitry includes logic
pipelines configurable to enable data transfers between the memory devices and the memory bus
through the circuitry (the pipeline comprising circuitry shown in FIG. 42 for each DRAM 110

and buffer 105 shown in FIG. 44, which transfer data between DRAM 110 and DQ terminal).
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Regarding dependent claim 7, Matsui teaches wherein the memory module has a
specified data rate, and wherein the data signals are transferred between the first memory devices
and the memory controller at the specified data rate (Double Data Rate, see 13:54-67).

Regarding dependent claim 8, Matsui teaches a phase locked loop clock driver
configured to output a clock signal in response to one or more signals received from the memory
controller (FIG. 44: DLL 205, which is in response to global clock as shown in FIG. 46),
wherein the predetermined amount of time delay is at least one clock cycle time delay (FIG. 46:
the predetermined amount of time delay is 2 global clock cycles in this case).

Regarding dependent claim 9, Matsui teaches wherein the memory devices are dynamic
random access memory devices configured to operate synchronously with the clock signal, and
wherein each memory device in the first memory devices is configured to receive or output a
respective set of data strobes and to receive or output data bits on both edges of each of the
respective set of data strobes (the memory module is SDRAMs with DDR memories, see 13:54-
67).

Regarding dependent claim 10, Matsui teaches wherein the circuitry includes data paths
that are disabled when the circuitry is in the first state and enabled when the circuitry is in the
second state (FIG. 42: data receiver 202 is either enabled or disabled for transferring data in
response to WDPS).

Regarding dependent claim 11, Matsui teaches wherein the data paths are disabled
when no data signals associated with any memory command are being transferred through the

circuitry (FIG. 42: data receiver 202 is disabled when WDPS is inactive).
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Regarding dependent claim 12, Matsui teaches wherein the memory module has a
specified data rate, and wherein the data signals are transferred through the data paths at the

specified data rate (Double Data Rate, see 13:54-67).

Conclusion
5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to VANTHU NGUYEN whose telephone number is (571)272-1881.
The examiner can normally be reached M-F: 9:00AM - 5:00PM.

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, Richard Elms can be reached on (571) 272-1869. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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23. 5,388,240 1995-02-01 | IBM Corporation
24. 5,392,252 1995-02-21 | Visi Technology Inc
25. 5,426,753 1995-06-20 | Moon
26. 5,463,590 1995-10-31 | Watanabe
27. 5,483,497 1996-01-09 | Mochizuki et al.
28. 5,485,589 1996-01-16 | Dell Usa Lp
29. 5,495,435 1996-02-27 | Sugahara
30. 5,513,135 1996-04-30 | Dell et al.
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3L 5,532,954 1996-07-02 | Bechtolsheim et al.
32. 5,537,584 1996-07-16 | Miyai et al.
33. 5,541,448 1996-07-30 | Carpenter
34. 5,559,970 1996-09-24 | Sharma
35. 5,572,691 1996-11-05 | Koudmani
36. 5,581,498 1996-12-03 | Ludwig et al.
37. 5,590,071 1996-12-31 | Kolor et al.
38. 5,602,999 1997-02-11 | Hyatt; Gilbert P.
39. 5,617,559 1997-04-01 | Le et al.
40. 5,630,096 1997-05-13 | Zuravleff
41. Samsung Electronics Co
5,638,534 1997-06-10 | Ltd
42. 5,649,159 1997-07-15 | Le et al.
43. 5,655,153 1997-08-05 | EMC CORP
44. 5,699,542 1997-12-16 | Mehta et al.
45. 5,702,984 1997-12-30 | Bertin et al.
46. 5,703,826 1997-12-30 | Hush et al.
47. 5,717,851 1998-02-10 | Yishay et al.
48. 5,724,604 1998-03-03 | Moyer
49. 5,729,716 1998-05-17 | Lee et al.
50. 5,745,914 1998-04-28 | Connolly et al.
51 5,764,590 1998-06-09 | Mitsubishi Electric Corp
52. 5,784,705 | 1998-07-21 | Leung, Wingyu
53. 5,802,395 1998-09-01 | Connolly et al.
54. 5,802,541 1998-09-01 | Reed
55. 5,805,520 1998-09-08 | Anglada et al.
56. 5,822,251 1998-10-13 | Bruce et al.
57. 5,905,401 1999-05-18 | Sher
58. 5,909,388 1999-06-01 | Siemens Ag
59. 5,926,827 1999-07-20 | Dell et al.
60. 5,926,839 1999-07-20 | IBM
61. 5,953,215 1999-09-14 | Karabatsos, Chris
62. 5,953,280 1999-09-14 | Matsui
63. 5,958,025 1999-09-28 | Nippon Electric Co
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64. 5,959,930 | 1999-09-28 | Sakurai
65. 5,963,464 | 1999-10-05 | Dell et al.
66. 5,966,736 1999-10-12 | Gittinger et al.
67. 5,973,392 1999-10-26 | Senba et al.
68. 5,974,493 1999-10-26 | Mitsubishi Electric Corp
69. 6,011,710 | 2000-01-04 | Wiggers
70. 6,018,787 | 2000-01-25 | Ip
71. 6,044,032 | 2000-03-28 | Li
72. 6,061,754 2000-05-09 | Cepulis
73. 6,070,217 | 2000-05-30 | Connolly et al.
74. 6,070,227 | 2000-05-30 | Rokicki
75. 6,097,652 | 2000-08-01 | Roh
76. 6,108,745 2000-08-22 | Gupta et al.
77. 6,115,278 2000-09-05 | Deneroff et al.
78. 6,134,638 | 2000-10-17 | Olarig et al.
79. 6,141,245 2000-10-31 | Bertin
80. 6,151,271 | 2000-11-21 | Lee
81. 6,154,418 | 2000-11-28 | Li
82. 6,154,419 | 2000-11-28 | Shakkarwar
83. 6,173,357 | 2011-01-09 | Ju
84. 6,185,654 | 2001-02-06 | Van Doren
85. 6,188,641 | 2001-02-13 | Uchida
86. 6,205,516 | 2001-03-20 | Usami
87. 6,209,074 | 2001-03-27 | Dell et al.
88. 6,223,650 | 2001-05-15 | Johnson
89. 6,226,709 2001-05-01 | Goodwin et al.
90. 6,226,736 | 2001-05-01 | Niot
9L 6,233,650 2001-05-15 | Johnson et al.
92. 6,247,088 | 2001-06-12 | Seo et al.
93. 6,260,127 2001-07-10 | Olarig et al.
94. 6,262,938 | 2001-07-17 | Lee
95. 6,317,352 | 2001-11-13 | Halbert et al.
96. 6,349,051 2002-02-19 | Micron Technology Inc
97. 6,381,140 | 2002-04-30 | Liao, Sheng-Chi
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98. 6,400,637 2002-06-04 | Akamatsu et al.
99. 6,408,356 2002-06-18 | Dell
100. 6,414,868 2002-07-02 | Wong et al.
101. 6,415,374 2002-07-02 | Faue et al.
102. 6,438,062 2002-08-20 | Karabatsos
103. 6,438,062 2002-08-20 | Curtis
104. 6,446,158 2002-09-03 | Karabatsos
105. 6,446,184 2002-09-03 | Dell et al.
106. 6,453,381 2002-09-17 | Yuan et al.
107. 6,470,417 2002-10-22 | Kolor et al.
108. 6,480,439 2002-11-12 | Tokutome et al.
109. 6,487,102 2002-11-26 | Halbert et al.
110. 6,502,161 2002-12-31 | Perego et al.
111 6,518,794 2003-02-11 | Coteus et al.
112. 6,526,473 2003-02-25 | Kim
113. 6,530,007 2003-03-04 | Olarig et al.
114, 6,530,033 2003-03-04 | Raynham et al.
115. 6,546,476 2003-04-08 | Gillingham
116. 6,553,449 2003-04-22 | Dodd et al.
117. 6,553,450 2003-04-22 | Dodd et al.
118. 6,618,320 2003-09-09 | Hasegawa et al.
11s. 6,618,791 2003-09-09 | Dodd et al.
120. 6,621,496 2003-09-16 | Ryan
121. 6,625,081 2003-09-23 | Roohparvar et al.
122. 6,625,687 2003-09-23 | Halbert et al.
123. 6,636,446 2003-10-21 | Lee
124. 6,636,935 2003-10-21 | Ware et al.
125. 6,646,949 2003-11-11 | Ellis et al.
126. 6,658,509 2003-12-02 | Bonella et al.
127. 6,674,684 2004-01-06 | Shen
128. 6,681,301 2004-01-20 | Mehta et al.
129. 6,683,372 2004-01-27 | Wong et al.
130. 6,697,888 2004-02-24 | Halbert et al.
131. 6,704,910 2004-03-09 | Hong
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132. 6,705,877 2004-03-16 | Li et al.
133. 6,717,855 2004-04-06 | Underwood
134. 6,717,885 2004-04-06 | Lai
135. 6,721,843 2004-04-13 | Lexar Media Inc
136. 6,721,860 2004-04-13 | Klein
137. 6,738,880 2004-05-18 | Lai et al.
138. 6,742,098 2004-05-25 | Halbert et al.
139. 6,747,887 2004-06-08 | Halbert et al.
140. 6,754,797 2004-06-22 | Wu et al.
141. 6,785,189 2004-08-31 | Jacobs et al.
142. 6,788,592 2004-09-07 | Nakata et al.
143. 6,807,125 2004-10-19 | Coteus et al.
144. 6,807,650 2004-10-19 | Lamb et al.
145. 6,813,196 2004-11-02 | Park et al.
146. 6,832,284 2004-12-14 | Perego et al.
147. 6,832,303 2004-12-14 | Tanaka
148. 6,834,014 2004-12-21 | Yoo et al.
149. 6,854,042 2005-02-08 | Karabatsos
150. 6,880,094 2005-04-12 | LaBerge
151. 6,889,304 2005-05-03 | Perego et al.
152. 6,912,615 2005-06-28 | Nicolai
153. 6,912,628 2005-06-28 | Wicki et al.
154. 6,925,028 2005-08-02 | Hosokawa et al.
155. 6,944,694 2005-09-13 | Pax
156. 6,948,084 2005-09-20 | Manapat et al
157. 6,950,366 2005-09-27 | Lapidus et al.
158. 6,954,281 2005-10-11 | Fukuda et al
159. 6,961,281 2005-11-01 | Wong et al.
160. 6,981,089 2005-12-27 | Dodd et al.
161. 6,982,892 2006-01-03 | Lee et al.
162. 6,982,893 2006-01-03 | Jakobs
163. 6,990,043 2006-01-24 | Kuroda et al.
164. 6,996,686 2006-02-07 | Doblar et al.
165. 7,007,130 2006-02-28 | Holman
Signatars |/ VNTHO T NGUIEN/ Considersd_| __ 09/27/2022

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /VIN/

Petitioners

Ex. 1059, p. 266



Receipt date:

iz/11/2021

17/403,832 ~ GAU: 2824

Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403,832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 6 | of | 47 Attorney Docket Number | NLO23-02US02

166. 7,007,175 2006-02-28 | Chang et al.
167. 7,024,518 | 2006-04-04 | Halbert et al.
168. 7,046,538 2006-05-16 | Kinsley et al.
169. 7,047,361 2006-05-16 | Phison Electronics Corp
170. 7,054,179 2006-05-30 | Cogdill et al.
171. 7,065,626 2006-06-20 | Schumacher et al.
172. 7,072,231 2006-07-04 | Pax
173. 7,073,041 2006-07-04 | Dwyer et al.
174. 7,078,793 2006-07-18 | Ruckerbauer et al.
175. 7,093,066 2006-08-15 | Klein
176. 7,120,727 2006-10-10 | Lee et al.
177. 7,124,260 2006-10-17 | LaBerge et al.
178. 7,127,584 2006-10-24 | Thompson et al.
179. 7,130,308 2006-10-31 | Haddock et al.
180. 7,130,952 2006-10-31 | Nanki et al.
181. 7,133,960 2006-11-07 | Thompson et al.
182. 7,133,972 2006-11-07 | Jeddeloh
183. 7,142,461 2006-11-28 | Janzen
184, 7,149,841 2006-12-12 | LaBerge
185. 7,167,967 2007-01-23 | Bungo et al.
186. 7,181,591 2007-02-20 | Tsai
187. 7,191,302 2007-03-13 | Usami
188. 7,200,021 2007-04-03 | Raghuram
189. 7,225,303 2007-05-29 | Choi
190. 7,227,910 2007-06-05 | Lipka
191. 7,254,036 2007-08-07 | Pauley et al.
192. 7,266,639 2007-09-04 | Raghuram
193. 7,272,709 2007-09-18 | Zitlaw et al.
194. 7,281,079 2007-10-09 | Bains et al.
195. 7,286,436 2007-10-23 | Bhakta et al.
196. 7,289,386 2007-10-30 | Bhakta et al.
197. 7,334,150 | 2008-02-19 | Ruckerbauer et al.
198. 7,346,750 2008-03-18 | Ishikawa
199. 7,356,639 2008-04-08 | Perego et al.
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200. 7,370,238 2008-05-06 | Billick et al.
201. 7,379,361 2008-05-27 | Co et al.
202. 7,437,591 2008-10-14 | Wong
203. 7,461,182 2008-12-02 | Fukushima et al.
204. 7,464,225 2008-12-09 | Tsern
205. 7,471,538 2008-12-30 | Hofstra
206. 7,532,537 2009-05-12 | Solomon et al.
207. 7,619,912 2009-11-17 | Bhakta et al.
208. 7,636,274 2009-12-22 | Solomon et al.
209. 7,864,627 2011-01-04 | Bhakta et al.
210. 7,865,674 2011-01-04 | Gower et al.
211. 7,881,150 2011-02-01 | Solomon et al.
212. 7,916,574 2011-03-29 | Solomon et al.
213. 8,001,434 2011-08-16 | Lee et al.
214. 8,089,795 2012-01-03 | Rajan
215. 8,130,560 2012-03-06 | Rajan
216. 8,189,328 2012-05-29 | Kanapathippillai
217. 8,233,303 2012-07-31 | Best
218. 8,250,295 2012-08-21 | Amidi et al.
219. 8,417,870 2013-04-09 | Lee et al.
220. 8,516,185 2013-08-20 | Lee et al.
221 8,516,188 2013-08-20 | Solomon et al.
222. 8,756,364 2014-06-17 | Bhakta et al.
223. 8,856,464 2014-10-07 | Karamcheti
224. 9,606,907 2017-03-28 | Lee et al.
225. 20010003198 2001-06-07 | Wu
226. 20010008006 2001-07-12 | Klein
227. 20010050857 2001-12-13 | Keeth et al.
228. 20010052057 2001-12-13 | Lai
229. 20020048195 2002-04-01 | Klein, Dean A.
230. 20020088633 2002-07-11 | Kong et al.
231. 20020112119 2002-08-15 | Halbert et al.
232, 20030063514 2003-04-03 | Faue
233. 20030070052 2003-04-01 | Lai, Jiin
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234. 20030090359 | 2003-05-15 | Ok
235. 20030090879 | 2003-05-15 | Doblar et al.
236. 20030191995 | 2003-10-09 | Abrosimov et al.
237. 20030210575 | 2003-11-13 | Seo et al.
238. 20040000708 | 2004-01-01 | Rapport et al.
239. 20040037158 | 2004-02-26 | Coteus et al.
240. 20040098528 | 2004-05-01 | Janzen, Jefferey W.
241. 20040201968 | 2004-10-14 | Tafolla
242, 20050010737 2005-01-13 | Ware et al.
243. 20050036378 | 2005-02-17 | Kawaguchi et al.
244. 20050154820 | 2005-07-14 | Briggs et al.
245. 20050257109 | 2005-11-17 | Averbuj
246. 20050281096 2005-12-22 | Bhakta et al.
247. 20060044860 | 2006-03-02 | Kinsley et al.
248. 20060117152 | 2006-06-01 | Amidi et al.
249. 20060126369 | 2006-06-15 | Raghuram
250. 20060129755 | 2006-06-15 | Raghuram
251. 20060179206 | 2006-08-10 | Brittain et al.
252. 20060233012 | 2006-10-19 | Tomonori et al.
253. 20060248969 | 2006-11-09 | Seo et al.
254. 20060259711 | 2006-11-16 | Oh
255. 20060262586 | 2006-11-23 | Solomon, et al
256. 20060267172 | 2006-11-30 | Nguyen et al.
257. 20060277355 2006-12-07 | Ellsberry et al.
258. 20070058409 | 2007-03-15 | Ruckerbauer
259. 20070070669 | 2007-03-29 | Tsern
260. 20070293094 | 2007-12-20 | Aekins, Robert A.
261. 20080025137 2008-01-31 | Natarajan et al.
262. 20080046631 | 2008-02-21 | Takaku et al.
263. 20080104352 | 2008-05-01 | Talbot
264. 20080162790 | 2008-07-03 | Im, Jeon-Taek
265. 20090103387 | 2009-04-23 | Shau, Jeng-lye
266. 20100070690 | 2010-03-18 | Amer et al.
267. 20100091540 | 2010-04-15 | Bhakta et al.
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268. 20100128507 2010-05-27 | Solomon et al.
269. 20110016250 2011-01-20 | Lee et al.
270. 20110016269 2011-01-20 | Lee et al.
271. 20110090749 2011-04-21 | Bhakta et al.
272. 20110125966 2011-05-26 | Amidi et al.
273. | RE36229 1999-06-15 | Cady
FOREIGN PATENT DOCUMENTS
xaminer | Cite [-C0L e Nambert | PibitionDue | BN EES | Wher Relevan Pasas | T
) - Kind Code?(if known) Document or Relevant Figures Appear
274. | EP 1816 570 A2 2007-08-08 | Rambus, Inc.
275. Matsushita Electric
JP 10320270 A 1998-12-04 | Ind Co Ltd
276. | JP 2000-285674 2000-10-13 | Fujitsu Ltd.
277. | JP 2000311485 A 2000-10-13 | Fujitsu Ltd.
278. | JP 2002-184176 2002-06-28 | NEC Tohoku Ltd.
279. | JP 2003-007963 2003-01-10 | Hitachi Ltd.
280. | JP 2008-046989 2008-02-28 | Fujitsu Ltd
281. | JP 2009-237492 1997-09-09 | Toshiba Corp.
282. Matsushita Electric
JP 2010-320270 A 1998-12-04 | Inc. Co.
283. | JPH 10092169 A 1997-09-09 | Toshiba Corp.
284. Du Pont Pixel
WO 1992/002879 1992-02-20 | Systems
285. | WO 1994/007242 1994-03-31 | Atmel Corporation
286. | WO 1995/034030 1995-12-14 | Intel Corporation
287. | WO 1999/000734 1999-01-07 | Hitachi, Ltd.
288. Honeywell
WO 2002/058069 2002-07-25 | International, Inc.
289. Centillium
Communications,
WO 2002/063804 2002-08-15 | Inc.
290. Micron Technology,
WO 2003/017283 2003-02-27 | Inc.
Examiner /VANTHU T NGUYEN/ Date a8/27/2022
Signature Considered
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /VIR/
Petitioners

Ex. 1059, p. 270



Receipt date: 12/11/2021 17/403,832 — GAU: 2824
Electronically filed December 11, 2021
INFORMATION DISCLOSURE Application Number 17/403,832
STATEMENT BY APPLICANT Filing Date August 16, 2021
First Named Inventor Jefferey C. Solomon
Substitute for Form 1449-PTO Art Unit 2139
Examiner Name TBD
Sheet | 10 | of | 47 Attorney Docket Number | NLO23-02US02
291. Micron Technology,
WO 2003/069484 2003-08-21 | Inc.
292. | WO 2006/055497 2006-05-26 | Intel Corporation
293. | WO 1999/030240 1999-06-17 | Intel Corporation
NON PATENT LITERATURE DOCUMENTS
Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, magazine,
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294. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
1044, 'Deposition Transcript of R. Jacob Baker (Jan. 26, 2019),' filed February 11,
2019
295. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1045, 'Deposition Transcript of R. Jacob Baker (Jan. 12, 2018) in
IPR2017-00577 concerning the parent to the '907 Patent,' filed February 11, 2019
296. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1047, 'Certified translation of the Examination Decision issued by the
State Intellectual Property Office of the P.R.C. (dated 5/30/18),' filed February 11,
2019
297. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Petitioners'
Reply to Patent Owner's Response, filed February 11, 2019
298. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1043, 'Chart comparing text in Dr. Baker's declaration [Ex. 2002] with
identical text in Patent Owner's Response [Paper No. 14],' filed February 11, 2019
299. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1046, 'Final Office Action concerning U.S. Patent Application No.
15/470,856 (dated 7/27/18)," filed February 11, 2019
300. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 1048, 'Certified translation of the Preliminary Opinion issued by the
German Patent and Trademark Office (dated 1/8/19),' filed February 11, 2019
301. [ Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Request for Oral Argument, filed February 19, 2019
302. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Objections To Reply Evidence, filed February 19, 2019
303. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Request For Oral Argument, filed February 19, 2019
Examiner JVANTHY T NOUYEN/ Date 08/27/2022
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304. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Motion To Exclude, filed February 19, 2019
305. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Corrected
Petitioners' Reply to Patent Owner's Response, filed February 20, 2019
306. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 5, 2019
307. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Sur-Reply To Petitioner's Corrected Reply, filed March 8, 2019
308. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March 12,
2019
309. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362,
EXHIBITS 3002, 'Patent Owner's Request for Sur Reply,' filed March 1, 2019
310. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Order -
Trial Hearing, filed March 22, 2019
311. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1043, 'Deposition Transcript of R. Jacob Baker (Feb. 9, 2019),' filed
February 22, 2019
312. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1044, 'Declaration of R. Jacob Baker in IPR2017-00577 concerning the
parent to the '907 Patent (Oct. 25, 2017),' filed February 22, 2019
313. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1045, 'Deposition Transcript of R. Jacob Baker in IPR2017-00577
concerning the parent to the '907 Patent (Jan. 12, 2018),' filed February 22, 2019
314. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1046, 'Final Written Decision in IPR2017-00577 invalidating all
challenged claims to the parent to the '907 Patent (July 5, 2018),' filed February 22,
2019
315. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363,
EXHIBITS 1048, "U.S. Patent No. 7,133,960, filed February 22, 2019
316. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petitioners'
Reply to Patent Owner's Response, filed February 22, 2019
317. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Objections To Reply Evidence, filed March 1, 2019
318. [ Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petitioners'
Request for Oral Argument, filed March 4, 2019
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319. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Request For Oral Argument, filed March 4, 2019

320. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Motion To Exclude, filed March 4, 2019

321. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 11, 2019

322. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Sur-Reply To Petitioner's Reply, filed March 15, 2019

323. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March18,
2019

324. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Order,

Trial Hearing, filed March 22, 2019

325. | Inter Partes Review Case No. IPR2014-00882, Exhibit 1007 to Petition for Inter Partes
Review, “Declaration of Dr. Srinivasan Jagannathan,” filed on June 22, 2014.

326. | Petition for Inter Partes Review filed on 6/22/2014 for U.S. Patent No. 7,881,150, Case
No. IPR2014-00882 and Case No. IPR2014-01011, and all associated documents
including cited references and expert declarations, available at
https://ptabtrials.uspto.gov

327. | Inter Partes Review Case No. IPR2014-00882, Corrected Petition for Inter Partes
Review of U.S. Patent No. 7,881,150, filed on July 8, 2014.

328. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-00882, Patent
Owner’s Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed October 7, 2014

329. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-00882, Decision
— Institution of Inter Partes Review 37 C.F R. § 42.108, issued December 16, 2014

330. | Inter Partes Review Case No. [IPR2014-00882, Patent Owner Response, filed May 8,
2015

331. | Inter Partes Review Case No. IPR2014-00882, Exhibit 2002, 'Declaration of Professor
Carl Sechen,' filed May 8, 2015

332. | Inter Partes Review Case No. [IPR2014-00882, Exhibit 2003, 'Transcript of Videotaped
Deposition of Srinivasan Jagannathan, Ph. D,' filed May 8, 2015

333. | Inter Partes Review Case No. [IPR2014-00882, Petitioner Diablo Technologies, Inc.'s
Reply to Patent Owner Netlist, Inc.'s Response, filed June 19, 2015

334. | Inter Partes Review Case No. IPR2014-00882, Exhibit 1022, 'Professor Carl Sechen
Deposition Transcript,' filed June 19, 2015
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335. | Inter Partes Review Case No. IPR2014-00882, Exhibit 1023, 'Dr. Srinivasan
Jagannathan Supplemental Declaration,' filed June 19, 2015

336. | Inter Partes Review Case No. IPR2014-00882, Petitioner's Request for Oral Argument,
filed July 1, 2015

337. | Inter Partes Review Case No. IPR2014-00882, Patent Owner's Request for Oral
Argument, filed July 3, 2015

338. | Inter Partes Review Case No. [IPR2014-00882, Order - Request for Oral Argument - 37
C.F.R. 42.70, filed July 10, 2015

339. | Inter Partes Review Case No. [IPR2014-00882, Record of Oral Hearing, filed
November 16, 2015

340. | Inter Partes Review Case No. IPR2014-00882, Final Written Decision 35 USC 318 and
37 CFR 42.73, filed December 14, 2015

341. | Inter Partes Review Case No. IPR2014-00882, Netlist Inc.'s Notice of Appeal, filed
February 10, 2016

342. | Inter Partes Review Case No. IPR2014-00883, Exhibit 1011 to Petition for Inter Partes
Review, “Declaration of Dr. Srinivasan Jagannathan,” filed on June 21, 2014.

343. | Petition for Inter Partes Review filed on 6/24/2014 for U.S. Patent No. 8,081,536, Case
No. IPR2014-00883, and all associated documents including cited references and
expert declarations, available at https://ptabtrials.uspto.gov

344. | Inter Partes Review Case No. IPR2014-00883, Corrected Petition for Inter Partes
Review of U.S. Patent No. 8,081,536, filed on July 8, 2014.

345. | Inter Partes Review of U.S. Patent No. 8,081,536, Case No. IPR2014-00883, Patent
Owner’s Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed October 7, 2014

346. | Inter Partes Review of U.S. Patent No. 8,081,536, Case No. IPR2014-00883, Decision
— Institution of Inter Partes Review 37 C.F.R. § 42.108, issued December 16, 2014

347. | Inter Partes Review Case No. [IPR2014-00883, Patent Owner Response, filed May 8,
2015

348. | Inter Partes Review Case No. IPR2014-00883, Petitioner Diablo Technologies, Inc.'s
Reply to Patent Owner Netlist, Inc.'s Response, filed June 19, 2015

349. | Inter Partes Review Case No. IPR2014-00883, Exhibit 1025, "Professor Carl Sechen
Deposition Transcript,' filed June 19, 2015

350. | Inter Partes Review Case No. IPR2014-00883, Exhibit 1026, 'Dr. Srinivasan
Jagannathan Supplemental Declaration,' filed June 19, 2015

351. | Inter Partes Review Case No. IPR2014-00883, Petitioner's Request for Oral Argument,
filed July 1, 2015
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352. | Inter Partes Review Case No. IPR2014-00883, Patent Owner's Request for Oral
Hearing, filed July 3, 2015

353. | Inter Partes Review Case No. [IPR2014-00883, Order - Request for Oral Argument - 37
C.F.R. 42.70, filed July 10, 2015

354. | Inter Partes Review Case No. IPR2014-00883, Record of Oral Hearing, filed
November 16, 2015

355. | Inter Partes Review Case No. IPR2014-00883, Final Written Decision - 35 USC 318
and 37 CFR 42.73, filed December 14, 2015

356. | Inter Partes Review Case No. IPR2014-00883, Netlist Inc.'s Notice of Appeal, filed
February 10, 2016

357. | Inter Partes Review Case No. IPR2014-01011, Exhibit 1007 to Petition for Inter Partes
Review, “Declaration of Dr. Srinivasan Jagannathan.” filed on June 22, 2014.

358. | Inter Partes Review Case No. IPR2014-01011, Corrected Petition for Inter Partes
Review of U.S. Patent No. 7,881,150, filed on July 8, 2014.

359. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Patent
Owner’s Preliminary Response Pursuant to 37 C.F.R. § 42.107, filed October 7, 2014

360. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Decision
— Institution of Inter Partes Review 37 C.F.R. § 42.108, issued December 16, 2014

361. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3001 to Decision — Institution of Inter Partes Review, Excerpts from IEEE Dictionary,
issued December 16, 2014

362. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3002 to Decision — Institution of Inter Partes Review, Excerpts from IEEE Dictionary,
issued December 16, 2014

363. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3003 to Decision — Institution of Inter Partes Review, Excerpts from Oxford English
Dictionary, issued December 16, 2014

364. | Inter Partes Review of U.S. Patent No. 7,881,150, Case No. IPR2014-01011, Exhibit
3004 to Decision — Institution of Inter Partes Review, Excerpts from Oxford English
Dictionary, issued December 16, 2014

365. | Inter Partes Review Case No. [IPR2014-01011, Patent Owner Response, filed May 8,
2015

366. | Inter Partes Review Case No. [IPR2014-01011, Petitioner Diablo Technologies, Inc.'s
Reply to Patent Owner Netlist, Inc.'s Response, filed June 19, 2015

367. | Inter Partes Review Case No. IPR2014-01011, Exhibit 1027, 'Professor Carl Sechen
Deposition Transcript,' filed June 19, 2015
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368. | Inter Partes Review Case No. IPR2014-01011, Exhibit 1028, 'Dr. Srinivasan
Jagannathan Supplemental Declaration,' filed June 19, 2015

369. | Inter Partes Review Case No. IPR2014-01011, Petitioner's Request for Oral Argument,
filed July 1, 2015

370. | Inter Partes Review Case No. IPR2014-01011, Patent Owner's Request for Oral
Hearing, filed July 3, 2015

371. | Inter Partes Review Case No. [IPR2014-01011, Order - Request for Oral Argument - 37
CFR. 42.70, filed July 10, 2015

372. | Inter Partes Review Case No. [IPR2014-01011, Record of Oral Hearing, filed
November 16, 2015

373. | Inter Partes Review Case No. IPR2014-01011, Final Written Decision - 35 USC 318
and 37 CFR 42.73, filed December 14, 2015

374. | Inter Partes Review Case No. IPR2014-01011, Netlist Inc.'s Notice of Appeal, filed
February 10, 2016

375. | Inter Partes Review Case No. IPR2014-01020, Exhibit 1002 to Petition for Inter Partes
Review, "Declaration of Dr. Srinivasan Jagannathan," filed on April 7, 2015.

376. | Inter Partes Review Case No. IPR2014-01020, Exhibit 1023 to Petition for Inter Partes
Review, curriculum vitae of Dr. Srinivasan Jagannathan, filed on April 7, 2015.

377. | Inter Partes Review Case No. IPR2014-01020, Exhibit 1025 to Petition for Inter Partes
Review, "operational," The Pocket Oxford American Dictionary of Current English,
Oxford University Press, 2002, filed on April 7, 2015,

378. | Inter Partes Review Case No. IPR2014-01020, Decision to Institute Inter Partes
Review of D U.S. Patent No. 7,881,150, dated October 8, 2015.

379. | Inter Partes Review Case No. IPR2014-01021, Exhibit 1026 to Petition for Inter Partes
Review, curriculum vitae of Dr. Srinivasan Jagannathan, filed on April 7, 2015.

380. | Inter Partes Review Case No. IPR2014-01021, Corrected Exhibit 1002 to Petition for
Inter Partes Review, "Declaration of Dr. Srinivasan Jagannathan," filed on April 22,
2015.

381. | Inter Partes Review Case No. IPR2014-01021, Decision to Institute Inter Partes
Review of U.S. Patent No. 8,081,536, dated October 8, 2015

382. | Petition for Inter Partes Review filed on 6/24/2014 for U.S. Patent No. 8,516,185, Case
No. IPR2014-01029, and all associated documents including cited references and
expert declarations, available at https://ptabtrials.uspto.gov

383. | Inter Partes Review Case No. IPR2014-01029, Petition for Inter Partes Review of U.S.
Patent No. 8,516,185, filed on June 24, 2014.
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384. | Inter Partes Review Case No. IPR2014-01029, Exhibit 1008 to Petition for Inter Partes
Review, “Declaration of Charles J. Neuhauser, Ph.D. under 37 CF.R. § 1.68,” filed on
June 24, 2014.

385. | Inter Partes Review Case No. [IPR2014-01029, Supplemental Petition for Inter Partes
Review of U.S. Patent No. 8,516,185, filed on July 23, 2014.

386. | Inter Partes Review Case No. IPR2014-01029, Patent Owner’s Preliminary Response
pursuant to 37 C.F.R. § 42.107, filed on October 17, 2014.

387. | Inter Partes Review Case No. IPR2014-01029, Decision Denying Institution of Inter
Partes Review 37 CF R. § 42.108, issued December 16, 2014,

388. | Inter Partes Review Case No. IPR2014-01029, Petitioner’s Request for Rehearing
pursuant to 37 C.F.R. § 42.71, filed on January 15, 2015.

389. | Inter Partes Review Case No. [IPR2014-01029, Decision Denying Request for
Rehearing, Issued on March 3, 2015.

390. | Inter Partes Review Case No. IPR2014-01369, Decision Denying Institution of Inter
Partes Review 37 CF R. § 42.108, issued March 9, 2014,

391. | Inter Partes Review Case No. IPR2014-01369, Corrected Petition for Inter Partes
Review of Claims 1-19 of U.S. Patent No. 8,516,185, filed on September 22, 2014.

392. | Inter Partes Review Case No. IPR2014-01369, Exhibit 1008 to Corrected Petition for
Inter Partes Review, “Declaration of Dr. Nader Bagherzadeh under 37 CFR. § 1.68,”
filed on September 22, 2014.

393. | Inter Partes Review Case No. IPR2014-01369, Exhibit 1013 to Corrected Petition for
Inter Partes Review, “Webster’s IT New College Dictionary,” filed on September 22,
2014.

394. | Inter Partes Review Case No. IPR2014-01369, Exhibit 1014 to Corrected Petition for
Inter Partes Review, “Standard Dictionary of Electrical and Electronics Terms,” IEEE
1988, filed on September 22, 2014.

395. | Inter Partes Review Case No. IPR2015-0 021, Petition for Inter Partes Review of U.S.
Patent No. 8,081,536, filed on April 7, 2015

396. | Inter Partes Review Case No. IPR2015-01020, Petition for Inter Partes Review of U.S.
Patent No. 7,881,150, filed on April 7, 2015.

397. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Related
Matters, filed April 28, 2015

398. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner Response to Petition, filed February 22, 2016

399. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
2001, “Declaration of Professor Carl Sechen,” filed February 22, 2016
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400. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
2002, “Videotaped Deposition of Srinivasan Jagannathan, Ph.D on February 12, 2016,”
filed February 22, 2016
401. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
2003, “Videotaped Deposition of Srinivasan Jagannathan, Ph.D on April 20, 2015,”
filed February 22, 2016
402. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Objections to Evidence, filed February 29, 2016
403. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Reply, filed May 19, 2016
404. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020,
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016
405. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, May 10,
2016 Deposition of Carl Sechen, filed May 19, 2016
406. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner
Request for Oral Argument, filed June 2, 2016
407. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, PATENT
OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016
408. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, PATENT
OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016
409. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
2007, “Deposition of Dr. Srinivasan Jagannathan on May 25, 2016,” filed June 2, 2016
410. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, ORDER
Trial Hearing, filed June 8, 2016
411. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner's SUBMISSION ON PROPRIETY OF PETITIONER REPLY, filed June 9,
2016
412. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Response to Motion for Observations, filed June 10, 2016
413. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Response to Netlist's Submission, filed June 13, 2016
414. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner's Objections to Petitioner's Demonstrative Exhibits, filed June 23, 2016
415. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Patent
Owner's Demonstrative Exhibits, filed June 24, 2016
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416. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Updated Exhibit List, filed June 24, 2016

417. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Petitioner's
Demonstrative Exhibits, filed June 24, 2016

418. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Record of
Oral Hearing, dated July 26, 2016

419. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Final
Written Decision, issued September 28, 2016

420. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3001 to Final Decision, issued September 28, 2016

421. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3001-2 to Final Decision, issued September 28, 2016

422. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3002 to Final Decision, issued September 28, 2016

423. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3003 to Final Decision, issued September 28, 2016

424. | Inter Partes Review of U.S. Patent No. 7881150, Case No. IPR2015-01020, Exhibit
3004 to Final Decision, issued September 28, 2016

425. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner Response to Petition, filed February 22, 2016

426. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Exhibit
2001, “Declaration of Professor Carl Sechen,” filed February 22, 2016

427. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Objections to Evidence, filed February 29, 2016

428. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Reply, filed May 19, 2016

429. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021,
Supplemental Declaration of Dr. Jagannathan, filed May 19, 2016

430. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner
Request for Oral Argument, filed June 2, 2016

431. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, PATENT
OWNER MOTION FOR OBSERVATIONS, filed June 2, 2016

432. | Inter Partes Review of U.S. Patent No. 8081536, Case No. [IPR2015-01021, PATENT
OWNER REQUEST FOR ORAL ARGUMENT, filed June 2, 2016
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433. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner's SUBMISSION ON PROPRIETY OF PETITIONER REPLY, filed June 9,
2016
434. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Response to Motion for Observations, filed June 10, 2016
435. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Response to Patent Owner's Submission, filed June 13, 2016
436. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner's Objections to Petitioner's Demonstrative Exhibits, filed June 23, 2016
437. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Patent
Owner's Demonstrative Exhibits, filed June 24, 2016
438. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Petitioner's
Updated Exhibit List, filed June 24, 2016
439. | Inter Partes Review of U.S. Patent No. 8081536, Case No. IPR2015-01021, Final
Decision, issued September 28, 2016
440. | Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, Petition for
Inter Partes Review, filed December 30, 2016
441. | Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, Exhibit
1003, “Declaration of Harold S. Stone,” filed December 30, 2016
442. | Inter Partes Review of U.S. Patent No. 8756364, Case No. IPR2017-00549, Exhibit
1008, Declaration of John J. Kelly Regarding Records of Joint Electron Device
Engineering Council (JEDEC), filed December 30, 2016
443. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549,
DECISION Institution of Inter Partes Review, filed May 15, 2017.
444. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549, Exhibit
2001 (DECLARATION OF PROFESSOR CARL SECHEN), filed September 15,
2017.
445. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549, Patent
Owner's Response, filed September 15, 2017.
446. | Inter Partes Review of U.S. Patent No. 8,756,364, Case No. IPR2017-00549,
PETITIONERS’ OBJECTIONS TO EVIDENCE, filed September 15, 2017.
447. | Inter Partes Review of US Patent No.8756364, Case No. [PR2017-00549, Deposition
Transcript of Carl Sechen, filed December 15, 2017.
448. | Inter Partes Review of US Patent N0.8756364, Case No. IPR2017-00549, Petitioner’s
reply to Patent Owner’s Response, filed December 15, 2017.
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449. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549,
Supplemental Declaration of Harold S. Stone, filed December 15, 2017.

450. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Xilinx
Xilinx CS280 package datasheet (1999), filed December 15, 2017.

451. | Inter Partes Review of US Patent N0.8756364, Case No. [IPR2017-00549, EXHIBIT
2004, filed January 9, 2017.

452. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner’s Motion for Observations, filed January 9, 2017.

453. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioner’s
Motion to Exclude Certain Inadmissible Testimony of Patent Owner’s Expert Carl
Sechen, filed January 9, 2017.

454. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, EXHIBIT
2003, 'Synchronous DRAM Architectures, Organization, and Alternative
Technologies,' filed January 18, 2017.

455. | Inter Partes Review of US Patent No0.8756364, Case No. IPR2017-00549, Petitioner’s
Response to Patent Owners Motion for Observations, filed January 23, 2018.

456. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner’s Opposition to Petitioner’s Motion to Exclude, filed January 23, 2018.

457. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioner’s
Reply in Support of Motion to Exclude Certain Inadmissible Testimony of Patent
Owner’s Expert Carl Sechen, filed January 30, 2018.

458. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Petitioner's
Demonstratives, filed February 9, 2018.

459. | Inter Partes Review of US Patent No.8756364, Case No. [IPR2017-00549, EXHIBIT
2005, filed February 9, 2018.

460. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner’s Updated Exhibit List, filed February 9, 2018.

461. | Inter Partes Review of US Patent N0.8756364, Case No. IPR2017-00549, Petitioner’s
Updated Exhibit List, filed February 9, 2018.

462. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Final
Written Decision, filed February 14, 2018.

463. | Inter Partes Review of US Patent No.8756364, Case No. [PR2017-00549, Hearing
Transcript, filed February 14, 2018.

464. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017-00549, Patent
Owner's Supplemental Mandatory Notices, filed April 19, 2018.
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465. | Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, Petition for
Inter Partes Review, filed January 5, 2017

466. | Inter Partes Review of U.S. Patent No. 8516185, Case No. IPR2017-00577, Exhibit
1003, “Declaration of Harold S. Stone,” filed January 5, 2017

467. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577,
DECISION Institution of Inter Partes Review, filed July 7, 2017.

468. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577,
SCHEDULING ORDER, filed July 7, 2017.

469. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2003 (DECLARATION OF R. JACOB BAKER, PH.D., P.E.), filed October 25, 2017.

470. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2004 (Deposition of HAROLD S. STONE, PH.D.), filed October 25, 2017.

471. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2005 (Memory Systems: Cache, DRAM, Disk), filed October 25, 2017,

472. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2006 (PC2100 and PC1600 DDR SDRAM Registered DIMM, Design Specification,
Revision 1.3, January 2002), filed October 25, 2017.

October 25, 2017.

473. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, Exhibit
2007 (DRAM CIRCUIT DESIGN: Fundamental and High-Speed Topics), filed

474. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577, PATENT
OWNER’S RESPONSE, filed October 25, 2017.

475. | Inter Partes Review of U.S. Patent No. 8,516,185, Case No. IPR2017-00577,
PETITIONERS’ OBJECTIONS TO EVIDENCE, filed October 31, 2017.

476. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Annotated
version of Halbert Figure 4 showing 4:1 MUX/DeMUX and 4 ranks of memory
(corrected Ex. 1035), filed February 6, 2018.

February 6, 2018.

477. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Annotated
version of Halbert Figure 4 showing 4:1 MUX/DeMUX and 4 ranks of memory, filed

February 6, 2018.

478. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Annotated
version of Halbert Figure 4 showing Fast components and Slow components, filed

479. | Inter Partes Review of US Patent No.8516185, Case No. [PR2017-00577, Deposition
Transcript of R. Jacob Baker (Jan. 12, 2018.), filed February 6, 2018.
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480. | Inter Partes Review of US Patent No.8516185, Case No. [IPR2017-00577, Excerpts
from Brent Keeth and R. Jacob Baker, DRAM Circuit Design: A Tutorial (IEEE Press
2001), filed February 6, 2018.

481. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Oral
Testimony of R. Jacob Baker in Certain Memory Modules and Components Thereof,
and Products Containing Same, Inv. No. 337-TA-1023 (May 11, 2017), filed February
6, 2018.

482. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Petitioners'
Reply to Patent Owner’s Response, filed February 6, 2018.

483. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent
Owner's Objections to Evidence, filed February 13, 2018.

484. | Inter Partes Review of US Patent N0.8516185, Case No. IPR2017-00577, Patent
Owner's Motion to Exclude, filed February 28, 2018.

485. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent
Owner's Request for Oral Argument, filed February 28, 2018.

486. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Petitioner’s
Opposition to Patent Owner’s Motion to Exclude, filed March 14, 2018.

487. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Patent
Owner’s Reply to Opposition to Motion to Exclude, filed March 21, 2018.

488. | Inter Partes Review of US Patent No.8516185, Case No. [IPR2017-00577, Hearing
Transcript, filed April 6, 2018.

489. | Inter Partes Review of US Patent No.8516185, Case No. IPR2017-00577, Termination
Decision Document, filed July 7, 2018.

490. | Inter Partes Review of U.S. Patent No. 7,532,537, Case No. IPR2017-00667,
DECISION Institution of Inter Partes Review, filed July 21, 2017.

491. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Objections to Evidence, filed November 14, 2017.

492. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Supplemental Objections to Evidence, filed November 14, 2017.

493. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Deposition
of Carl Sechen, Ph.D. taken December 8, 2017, filed February 26, 2018.

494. | Inter Partes Review of US Patent No.7532537, Case No. [PR2017-00667, Deposition
of Carl Sechen, Ph.D. taken February 8, 2018, filed February 26, 2018.

495. | Inter Partes Review of US Patent No0.7532537, Case No. IPR2017-00667, Google, Inc.
et al. v. Netlist, Inc., Appeal 2014-00777, filed February 26, 2018.
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496. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Reply to Patent Owner’s Response, filed February 26, 2018.

497. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Objections to Evidence, filed March 5, 2018.

498. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Exhibit
2007, Deposition of Harold S. Stone, filed March 19, 2018.

499. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Motion for Observations, filed March 19, 2018.

500. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Request for Oral Argument, filed March 19, 2018.

501. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner's
Motion to Exclude, filed March 19, 2018.

502. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Submission on Propriety of Petitioners Reply, filed March 20, 2018.

503. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Response to Patent Owner’s Submission on Propriety of Petitioner’s Reply and
Supplemental Stone Declaration 1, filed March 27, 2018.

504. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner's
Reply in Support of its Motion to Exclude Certain Inadmissible Testimony of Patent
Owner's Expert Carl Sechen, filed April 2, 2018.

505. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner's
Updated Mandatory Notices, filed April 2, 2018.

506. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Petitioner’s
Response to Patent Owner’s Motion for Observations, filed April 2, 2018.

507. | Inter Partes Review of US Patent No.7532537, Case No. IPR2017-00667, Patent
Owner's Objection to Petitioner's Demonstratives, filed April 20, 2018.

508. | Inter Partes Review of US Patent No.7532537, Case No. [IPR2017-00667, Hearing
Transcript, filed April 24, 2018.

509. | Inter Partes Review of US Patent No0.7532537, Case No. IPR2017-00667, Final
Written Decision, filed July 18, 2018.

510. | Inter Partes Review of U.S. Patent No. 7,532,537, Case No. IPR2017-00668,
DECISION Institution of Inter Partes Review, filed July 21, 2017.

511. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Objections to Evidence, filed November 14, 2017.

512. | Inter Partes Review of US Patent No.7532537B2, Case No. [IPR2017-00668, Notice of
Deposition of Carl Sechen, filed January 30, 2018.
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513. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Supplemental Objections to Evidence, filed February 15, 2018.
514. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner’s Reply to Patent Owner’s Response, filed February 26, 2018.
515. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner's Objections to Evidence, filed March 5, 2018.
516. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner's Motion for Observations, filed March 19, 2018.
517. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner's Request for Oral Argument, filed March 19, 2018.
518. | Inter Partes Review of US Patent No.7532537B2, Case No. [IPR2017-00668, Patent
Owner's Submission on Propriety of Petitioner's Reply, filed March 20, 2018.
519. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Response to Patent Owner's Submission on Propriety of Petitioner's Reply
and Supplemental Stone Declaration, filed March 27, 2018.
520. | Inter Partes Review of US Patent No.7532537B2, Case No. [IPR2017-00668, Patent
Owner’s Opposition to Petitioner’s Motion to Exclude, filed April 2, 2018.
521. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner's Response to Patent Owner's Motion for Observations, filed April 2, 2018.
522. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668,
Petitioner’s Reply in Support of its Motion to Exclude Certain Inadmissible Testimony
of Patent Owner’s Expert Carl Sechen, filed April 9, 2018.
523. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Patent
Owner’s Objections to Petitioner’s Demonstratives, filed April 20, 2018.
524. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Hearing
Transcript, filed April 24, 2018.
525. | Inter Partes Review of US Patent No.7532537B2, Case No. IPR2017-00668, Final
Written Decision, filed July 18, 2018.
526. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
CoolRunner XPL A3 CPLD product specification (2000), filed December 15, 2017.
527. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
Programmable Logic Design Quick Start Handbook (2004), filed December 15, 2017.
528. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
Xilinx TQFP package datasheet (2000), filed December 15, 2017.
529. | Inter Partes Review of US Patent No.8756364, Case No. IPR2017.-00549, Xilinx
Xilinx VQFP package datasheet (2002), filed December 15, 2017.
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530. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1022, Decision Denying Institution of Inter Partes Review, filed December 16, 2014

531. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1023, Decision Denying Institution of Inter Partes Review, filed March 9, 2015

532. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1024, Excepts from the Hearing in Certain Memory Modules and Components
Thereof, and Products Containing Same, filed May 8, 2017.

533. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1025, Complainant Netlist, Inc., Initial Post-Hearing Brief , filed May 30, 2017.

534. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1026, Respondents’ Post-Hearing Brief , filed May 30, 2017,

535. | Inter Partes Review of US Patent No0.9606907, Case No. IPR2018-00362, Declaration
of Dr. Harold Stone, filed December 22, 2017.

536. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1003: Declaration of Dr. Harold Stone, filed December 22, 2017.

537. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1027, Demonstrative-Graphics-from-hynix-post-hearing-brief, filed December 22,
2017.

538. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1028, Netlist-reply-post-hearing-brief, filed December 22, 2017.

539. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1029, Respondent’s Reply Post-Hearing Brief, filed December 22, 2017.

540. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
1030, High-Quality Versions of Demonstrative-Graphics-from-hynix-reply-post-
hearing-brief, filed December 22, 2017.

541. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1031, Institution of the ‘185 patent, filed December 22, 2017.

542. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1032, Final Written Decision, Diablo Techs., Inc v. Netlist Inc., Paper No. 33, filed
December 22, 2017.

543. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1033, Decision, Netlist Inc., v. Diablo Techs., Inc., filed December 22, 2017.

544. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1034, Netlist’s Infringement Claim Chart of , filed December 22, 2017.
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December 22, 2017.

545. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1035, Stone, H.S. Microcomputer Interfacing, Reading, MA Addison Wesley, filed

22,2017,

546. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
1039, Intel E7525 Memory Controller Hub (MCH) Chipset Datasheet, filed December

547. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1040, Initial Determination, Certain Memory Modules and Components Thereof, and
Products Containing Same, filed December 22, 2017,

22,2017.

548. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1041, MEMORY-SY STEMS-Cache-DRAM-Disk, Bruce Jacobs et al., filed December

549. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Exhibit
1042, Direct DRAM Datasheet, Bruce Jacobs et al., filed December 22, 2017.

filed December 22, 2017.

550. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petition,

filed December 27, 2017.

551. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
1011: JEDEC Standard DDR2 SDRAM Specification, JESD79-2B (January 2005),

552. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Notice of
Accorded Filing Date, filed January 10, 2018.

553. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Preliminary Response, filed April 10, 2018.

554. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Granting
Institution of Inter Partes Review, filed June 29, 2018.

555. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner’s Objection to Petition Evidence, filed July 16, 2018.

30, 2018.

556. | Inter Partes Review of US Patent No. 9,606,907 B2, Case No. IPR2018-00362, and
Case No. IPR2018-00363, EXHIBIT 3001, 'email from Mehran Arjomand,’ filed July

30, 2018.

557. | Inter Partes Review of US Patent No. 9,606,907 B2, Case No. [IPR2018-00362, and
Case No. IPR2018-00363, EXHIBIT 3001, 'email from Michael D. Hatcher,' filed July

558. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Order 37
C.FR. 425, filed August 2, 2018.
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559.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Supplemental Mandatory Notices, filed September 17, 2018.

560.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
2002: Declaration of R. Jacob Baker, Ph.D, P E ., filed October 19, 2018,

561.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
2003: Deposition of Harold S. Stone, Ph. D, October 5, 2018, filed October 19, 2018.

562.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
2004: United States International Trade Commission, Inv. No. 337-TA-1089, Joint List
of Claim Terms for Construction and Proposed Constructions, filed October 19, 2018.

563.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Exhibit
2005: United States International Trade Commission, Inv. No. 337-TA-1089, Order
No. 17: Construing Terms of the Asserted Patents, filed October 19, 2018.

564.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner's Response, filed October 19, 2018.

565.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
1043, 'Chart comparing text in Dr. Baker's declaration [Ex. 2002] with identical text in
Patent Owner's Response [Paper No. 14],' filed February 11, 2019.

566.

Inter Partes Review of US Patent No.9606907, Case No. [IPR2018-00362, EXHIBITS
1044, 'Deposition Transcript of R. Jacob Baker (Jan. 26, 2019.),’ filed February 11,
2019.

567.

Inter Partes Review of US Patent No.9606907, Case No. [IPR2018-00362, EXHIBITS
1045, 'Deposition Transcript of R. Jacob Baker (Jan. 12, 2018) in IPR2017-00577
concerning the parent to the '907 Patent,' filed February 11, 2019.

568.

Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, EXHIBITS
1046, 'Final Office Action concerning U.S. Patent Application No. 15/470,856 (dated
7/27/18),' filed February 11, 2019.

569.

Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, EXHIBITS
1047, 'Certified translation of the Examination Decision issued by the State Intellectual
Property Office of the P.R.C. (dated 5/30/18)," filed February 11, 2019.

570.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
1048, 'Certified translation of the Preliminary Opinion issued by the German Patent
and Trademark Office (dated 1/8/19),' filed February 11, 2019.

571.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Petitioners'
Reply to Patent Owner's Response, filed February 11, 2019.

572.

Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, Patent
Owner Motion To Exclude, filed February 19, 2019.
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573. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner Objections To Reply Evidence, filed February 19, 2019.
574. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner Request For Oral Argument, filed February 19, 2019.
575. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Request for Oral Argument, filed February 19, 2019,
576. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Corrected
Petitioners' Reply to Patent Owner's Response, filed February 20, 2019.
577. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00362, EXHIBITS
3002, 'Patent Owner's Request for Sur Reply,' filed March 1, 2019.
578. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 5, 2019,
579. | Inter Partes Review of US Patent No0.9606907, Case No. IPR2018-00362, Patent
Owner's Sur-Reply To Petitioner's Corrected Reply, filed March 8, 2019.
580. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March 12,
2019.
581. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, Order - Trial
Hearing, filed March 22, 2019.
582. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, PAPER 30,
'"Record of Oral Hearing,' filed June 27, 2019, 131 pgs.
583. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00362, PAPER 29,
'"Termination Decision Document,' filed June 27, 2019, 94 pgs.
584. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petition,
filed December 22, 2017.
585. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner’s Preliminary Response, filed April 10, 2018.
586. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Decision
Granting Institution of Inter Partes Review, filed June 29, 2018.
587. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, EXHIBITS
1043, 'Deposition Transcript of R. Jacob Baker (Feb. 9, 2019.),' filed February 22,
2019.
588. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, EXHIBITS
1044, 'Declaration of R. Jacob Baker in IPR2017-00577 concerning the parent to the
'907 Patent (Oct. 25, 2017),' filed February 22, 2019.
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589. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, EXHIBITS
1045, 'Deposition Transcript of R. Jacob Baker in IPR2017-00577 concerning the
parent to the '907 Patent (Jan. 12, 2018),' filed February 22, 2019.
590. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, EXHIBITS
1046, 'Final Written Decision in IPR2017-00577 invalidating all challenged claims to
the parent to the '907 Patent (July 5, 2018),' filed February 22, 2019.
591. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, EXHIBITS
1048, 'U.S. Patent No. 7,133,960, filed February 22, 2019.
592. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petitioners'
Reply to Patent Owner's Response, filed February 22, 2019.
593. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Order, Trial
Hearing, filed March 1, 2019.
594. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Objections To Reply Evidence, filed March 1, 2019.
595. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent
Owner's Motion To Exclude, filed March 4, 2019.
596. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Request For Oral Argument, filed March 4, 2019.
597. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Petitioners'
Request for Oral Argument, filed March 4, 2019.
598. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Petitioners'
Opposition to Patent Owner's Motion to Exclude, filed March 11, 2019.
599. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Sur-Reply To Petitioner's Reply, filed March 15, 2019.
600. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Patent
Owner's Reply To Petitioner's Opposition To Motion To Exclude, filed March18, 2019.
601. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00363, Order, Trial
Hearing, filed March 22, 2019.
602. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Curriculum
Vitae of Dr. Harold Stone, filed December 27, 2017.
603. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Declaration
of Dr. Harold Stone, filed December 27, 2017.
604. | Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, File History
of U.S. Patent N0.9606907, filed December 27, 2017.
605. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Petition,
filed December 27, 2017.
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606. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner’s Preliminary Response, filed May 7, 2018.
607. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Decision
Granting Institution of Inter Partes Review, filed August 6, 2018.
608. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner's Objections to Petition Evidence, filed August 21, 2018.
609. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner's Supplemental Mandatory Notices, filed September 17, 2018.
610. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Exhibit
2001: Annotated Fig. 4 of U.S. Patent No. 7024518 - Halbert, filed November 16,
2018.
611. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Exhibit
2002: Declaration of R. Jacob Baker, Ph.D, P E , filed November 16, 2018.
612. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364, Patent
Owner's Response, filed November 16, 2018.
613. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00364 EXHIBITS
1043, 'Deposition Transcript of R. Jacob Baker (Feb. 9, 2019.),' filed February 22,
2019.
614. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00365, Patent
Owner’s Preliminary Response, filed December 27, 2017.
615. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00365, Petition,
filed December 27, 2017.
616. | Inter Partes Review of US Patent N0.9606907, Case No. IPR2018-00365, Decision
Granting Institution of Inter Partes Review, filed August 6, 2018.
617. | Order Granting Request for Inter Partes Reexamination mailed September 8, 2010, for
Control No. 95/000,381, filed June 9, 2010, 21 pages.
618. | Non-Final Action mailed August 27, 2010, for Control No. 95/000,546, filed May 11,
2010, 16 pages.
619. | Order Granting Request for Inter Partes Reexamination mailed August 9, 2010, for
Control No. 95/000,546, filed May 11, 2010, 22 pages.
620. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control Nos.
95/000,546 and 95/000,577, mailed February 25, 2015, 25 pages.
621. | Patent Trial and Appeal Board Decision on Request for Rehearing for Reexamination
Control Nos. 95/000,546 and 95/000,577, mailed August 27, 2015, 5 pages.
622. | Action Closing Prosecution mailed October 1, 2012, for Control Nos. 95/000,546 and
95/000,577, filed May 11, '2010 and October 20, 2010 respectively, 39 pages.
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623. | Patent Owner's Appeal Brief for Reexamination Control Nos. 95/000,546 and
95/000,577, filed October 2, 2013, 46 pages
624. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control Nos.
95/000,546 and 95/000,577, mailed February 25, 2015, 25 pages.
625. | Patent Trial and Appeal Board Decision on Request for Rehearing for Reexamination
Control Nos. 95/000,546 and 95/000,577, mailed August 27, 2015, 5 pages.
626. | Order Granting Request for Inter Partes Reexamination mailed January 18, 2011, for
Control No. 95/000,577, filed October 20, 2010, 17 pages.
627. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,289,386,
corresponding to Reexam Control No. 95/000,577, in 184 pages. cited by other.
628. | Order Granting Request for Inter Partes Reexamination mailed January 18, 2011, for
Control No. 95/000,578, filed October 20, 2010, 14 pages.
629. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,619,912,
corresponding to Reexam Control No. 95/000,578, in 66 pages. cited by other.
630. | Patent Owner's Response to Office Action mailed November 13, 2012 for
Reexamination Control Nos. 95/000,578; 95/000,579, and 95/001,339, filed January
14, 2013, 96 pages.
631. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control Nos.
95/000,578; 95/000,579; and 95/001,339, mailed May 31, 2016, 106 pages.
632. | Order Granting Request for Inter Partes Reexamination mailed January 14, 2011, for
Control No. 95/000,579, filed October 21, 2010, 12 pages.
633. | Portion of Request for Inter Partes Reexamination of U.S. Patent No. 7,619,912,
corresponding to Reexam Control No. 95/000,579, in 32 pages. cited by other.
634. | Examiner's Determination after Board Decision on Appeal for Reexamination Control
No. 95/001,337, mailed September 11, 2015, 16 pages.
635. | Non-Final Action Closing Prosecution mailed March 12, 2012, for Control No.
95/001,337, filed April 19, 2010, 33 pages.
636. | Non-Final Action mailed September 27, 2011, for Control No. 95/001,337, filed April
19, 2010, 19 pages.
637. | Order Granting Request for Inter Partes Reexamination mailed August 27, 2010, for
Control No. 95/001,337, filed April 19, 2010, 21 pages.
638. | Right of Appeal Notice mailed June 22, 2012, for Control No. 95/001,337, filed June 4
2010, 34 pages.
639. | Non-Final Action Closing Prosecution mailed September 1, 2010, for Control No.
95/001,339, filed April 10, 2010, 17 pages.
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640. | Non-Final Action mailed April 4, 2011, for Control No. 95/001,339, filed April 20,
2010, 61 pages. (merged with 95/000,578 and 95/000,579)
641. | Non-Final Action mailed October 4, 2011, for Control No. 95/001,339, filed April 20,
2010, 77 pages. (merged with 95/000,578 and 95/000,579)
642. | Non-Final Action mailed October 14, 2011, for Control No. 95/001,339, filed April 30,
2010, 99 pages. (merged with 95/000,578 and 95/000,579)
643. | Order Granting Request for Inter Partes Reexamination mailed September 1, 2010, for
Control No. 95/001,339, filed April 20, 2010, 14 pages.
644. | Action Closing Prosecution mailed March 27, 2014 for Reexamination Control No.
95/001,339, filed June 8, 2010, 106 pages
645. | Non-Final Office Action mailed November 13, 2012, for Control Nos. 95/001,339,
95/000,578 and 95/000,579, filed April 20, 2010, October 20, 2010 and October 21,
2010 respectively, 81 pages
646. | Non-Final Action Closing Prosecution mailed March 21, 2014, for Reexamination
Control Nos. 95/001,339; 95/000,578; and 95/000,579, 92 pages.
647. | Patent Trial and Appeal Board Decision on Request for Rehearing for Reexamination
Control No. 95/001,381, mailed August 13, 2014, 7 pages.
648. | U.S. Court of Appeals for the Federal Circuit, Decision on Appeal for Reexamination
Control No. 95/001,381, filed November 13, 2015, 14 pages
649. | Non-Final Action Closing Prosecution mailed June 21, 2011, for Control No.
95/001,381, filed June 9, 2010, 34 pages.
650. | Non-Final Action mailed September 8, 2010, for Control No. 95/001,381, filed June 9,
2010, 17 pages.
651. | Non-Final Action mailed June 15, 2011, for Control No. 95/001,381, filed June 9,
2010, 33 pages.
652. | Right of appeal Notice mailed February 7, 2012, for Control No. 95/001,381, 33 pages.
653. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001,381, mailed January 16, 2014, 24 pages.
654. | Request for Inter Partes Reexamination; Reexam Control No. 95/001,381, for U.S.
Patent No. 7,532,537, filed June 9, 2010, 247 pages
655. | Non-Final Office Action mailed December 19, 2012, for Control No. 95/001,758, filed
September 14, 2011, 36 Pages.
656. | Patent Owner's Response to Office Action mailed December 19, 2012 for
Reexamination Control No. 95/001,758, filed March 19, 2013, 61 pages
657. | Patent Owner's Response to Office Action mailed September 26, 2013 for
Reexamination Control No. 95/001,758, filed November 26, 2013, 85 pages
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658. | Third Party Requester’s Comments after Non-Final Action mailed September 26, 2013
for Reexamination Control No. 95/001,758, filed December 26, 2013,
659. | Action Closing Prosecution mailed March 27, 2014 for Reexamination Control No.
95/001,758, filed September 14, 2011, 40 pages
660. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001,758, mailed May 31, 2016, 49 pages.
661. | Non-Final Office Action mailed November 16, 2011, for Reexam Control No.
95/001,758 filed September 14, 2011, 25 pages.
662. | Order Granting Request for Inter Partes Reexamination mailed November 16, 2011, for
Reexam Control No. 95/001,758, filed September 14, 2011, 13 pages.
663. | Request for Inter Partes Reexamination; Reexam Control No. 95/001,758, for U.S.
Patent No. 7,864,627, filed September 15, 2011, 814 pages (submitted in four parts.)
664. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001/337, mailed January 16, 2014, 30 pages
665. | Patent Trial and Appeal Board Decision on Appeal for Reexamination Control No.
95/001/381, mailed January 16, 2014, 24 pages
666. | New Board of Appeals Decision after Board Decision with New Ground of Rejection:
New Ground of Rejection dated 06/26/2014 for Reexamination Control No. 95/001337
667. | Other Reference-Patent/App/Search documents dated 11/22/2016 for Reexamination
Control No. 95/001337
668. | Patent Owner Comments on Examiner's Determination after Board Decision dated
02/22/2017 for Reexamination Control No. 95/001337
669. | Patent Owner Comments on Examiner's Determination after Board Decision dated
10/14/2015 for Reexamination Control No. 95/001337
670. | Patent Owner Comments on Req for Rehearing timely dated 03/19/2014 for
Reexamination Control No. 95/001337
671. | Patent Owner Response after Board Decision dated 03/18/2014 for Reexamination
Control No. 95/001337
672. | Patent Owner Response after Board Decision dated 03/19/2014 for Reexamination
Control No. 95/001337
673. | Patent Owner Response after Board Decision dated 07/29/2014 for Reexamination
Control No. 95/001337
674. | Petition under Rule 41.3 to Chief Admin Patent Judge dated 11/22/2016 for
Reexamination Control No. 95/001337
675. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 03/22/2017 for
Reexamination Control No. 95/001337
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676. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 04/17/2014 for
Reexamination Control No. 95/001337
677. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 09/05/2014 for
Reexamination Control No. 95/001337
678. | Reexam - Affidavit/Decl/Exhibit Filed by 3rd Party dated 11/13/2015 for
Reexamination Control No. 95/001337
679. | Reexam Petition Decision - Denied dated 08/05/2014 for Reexamination Control No.
95/001337
680. | Reexam Petition Decision - Granted - in-part dated 01/23/2017 for Reexamination
Control No. 95/001337
681. | Reqr Comments on Examiners Determ after Board Decision dated 11/13/2015 for
Reexamination Control No. 95/001337
682. | Requester Comments on Patent Owner Response after Board Decision dated
03/22/2017 for Reexamination Control No. 95/001337
683. | Requester Comments on Patent Owner Response after Board Decision dated
04/17/2014 for Reexamination Control No. 95/001337
684. | Requester Comments on Patent Owner Response after Board Decision dated
09/05/2014 for Reexamination Control No. 95/001337
685. | Requester Request for Rehearing after Board Decision dated 02/18/2014 for
Reexamination Control No. 95/001337
686. | Administrative Remand to Examiner dated 01/19/2017 for Reexamination Control No.
95/001337
687. | Affidavit-traversing rejections or objections rule 132 (26 pages) dated 10/14/2015 for
Reexamination Control No. 95/001337
688. | Affidavit-traversing rejections or objections rule 132 dated 02/22/2017 for
Reexamination Control No. 95/001337
689. | Affidavit-traversing rejections or objections rule 132 dated 03/18/2014 for
Reexamination Control No. 95/001337
690. | Affidavit-traversing rejections or objections rule 132 dated 03/19/2014 for
Reexamination Control No. 95/001337
691. | Affidavit-traversing rejections or objections rule 132 dated 10/14/2015 for
Reexamination Control No. 95/001337
692. | Examiner's Determination on Patent Owner Response/Requester Comments after
Board Decision dated 06/15/2015 for Reexamination Control No. 95/001337
693. | Examiner's Determination on Patent Owner Response/Requester Comments after
Board Decision dated 09/11/2015 for Reexamination Control No. 95/001337
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694. | Order Granting Request for Inter Partes Reexamination and Non-Final Office Action
mailed December 7,2012, for Control No. 95/002,399, filed September 15, 2012, 89
pages.

695. | Reexamination Control No. 95/002,399, filed April 25, 2013, and its entire file history

696. | Request for Inter Partes Reexamination for U.S. Patent No. 8,250,295, filed September
15,2012, 601 pages. (submitted in three parts.)

697. | "64 & 72 Pin Zip/Simm Sram Module", JEDEC, Standard No. 21-C,
www.jedec.com/download/search/4.sub.--04.sub.--01.pdf, Jun. 1997 pp. 4.4.1-1.

698. | "Bank Striping of Data Across Internal SDRAM Banks," IP.com, IPCOM000013697D,
2000.

699. | "Distributed Memory Mapping," IP.com, IPCOM000014788D, 2000.

700. | "Elipida Memory to Speak at Intel's Memory Implementers Forum Roundtable Event",
Intel Developer Forum, [Online]. Retrieved from the Internet: <URSL:
http://www.elpida.com/en/news/2004/02-18.html>, (Jun. 14, 2011), 1 pg. cited by
examiner.

701. | "Information Huawei or FPGA-Take Five," Electronic News, 2002, p. 24.

702. | "Method for a high-performance DRAM address mapping mechanism," IP.com,
IPCOMO000008164D, 2002.

703. | "Method for memory probing on a multiple-DIMM bus," IP.com, IPCOM000019063D,
2003.

704. | "Method for multiple device interface testing using a single device," IP.com,
IPCOMO000010054D, 2002.

705. | "PC2100 and PC1600 DDR SDRAM Registered DIMM Design Specification" JEDEC,
Standard No. 21-C, Revision 1.3, Jan. 2002.

706. | "Quad Band Memory (QBMA.TM. ): DDR200/266/333 devices producing
DDR400/533/667" (the "QBMA Reference"), published by the QBMA Alliance,
Platform Conference, San Jose, California, Jan. 23-24, 2002.

707. | Abali, B. "Memory Expansion Technology (MXT): Software Support and Performance,"
IBM J. Res. & Dev., vol. 45, No. 2, 2001, pp. 287-300.

708. | ANONYMOUS. (May 2002). “Hynix HYMD512G726(L)8-K/H/L Registered DDR SDRAM
DIMM, 128 Mx72 bits Product Description,” Rev. 0.1/May, 02, pp. 1-16.

709. | Arlington, DL Evans. "Enhancement of Memory Card Redundant Bit Usage Via
Simplified Fault Alignment Exclusion,” IMB Technical Disclosure Bulletin, 1987.

710. | Arroyo et al. "Method of executing Manufacturing ROM Code Without Removing
System Roms," IP.com, IPCOM000037214D, 1989.
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711. | Ayukawa et al. "An Access-Sequence Control Scheme to Enhance Randon-Acess
Performance of Embedded DRAM's," IEEE Journal of Solid-State Circuits, Vol. 33, No.
5, p. 800-806, dated May 1998.
712. | Barr, Michael. "Programmable Logic: What's it to Ya?," Embedded Systems
Programming, Jun. 1999, pp. 75-84.
713. | Bennayoun et al. "Input/Output Chip Select Doubler," IBM Technical Disclosure
Bulletin, vol. 38, No. 04 1995, pp. 237-240.
714. | Blum et al. "Fast Multichip Memory System With Power Select Signal," IMB Technical
Disclosure Bulletin, 1979.
715. | Carvalho, Carlos; "The Gap between Processor and Memory Speeds"; ICCA '02.
716. | Cuppu et al. "A Performance Coparison of Contemporary DRAM Architectures,” IEEE
Proceedings of the 26.sup.th International Symposium on Computer Architectures,
May 2-4, 1999, Atlanta, Georgia, pp. 1-12.
717. | Cuppu et al. "Concurrency, Latency, or System Overhead: Which Has the Largest
Impact on Uniprocessor DRAM-System Performance?," IEEE, 2001, pp. 62-71.
718. | Cuppu et al. "High-Performance DRAMs in Workstation Environments," IEEE
Transactions on Computers, vol. 50, No. 11, 2001, pp. 1133-1153.
719. | Denneau, M. "Logic Processor For Logic Simulation Machine," IBM Technical
Disclosure Bulletin, vol. 25, No. 1, 1982.
720. | Excerpts from the Authoritative Dictionary of IEEE Standard Terms, Seventh Edition,
Standards Information Network, IEEE Press (2000), pp. 133-265
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Storage Systems, Inc.’s Invalidity Contentions, dated June 6, 2014

854.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits F.1-
F.5 to “Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.

855.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits G.1-
G.6 to “Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.

856.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibit H to
“Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.

857.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Diablo
Technologies, Inc.’s Invalidity Contentions, dated June 6, 2014.

858.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits F-1
to F-5 to “Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

859.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits G-1
to G-6 to “Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

860.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibit H to
“Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

861.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Smart
Storage Systems, Inc.’s Invalidity Contentions, dated June 6, 2014

862.

U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Exhibits E.1-
E.7 to “Smart Storage Systems, Inc.’s Invalidity Contentions,” dated June 6, 2014.
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863. | U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Diablo
Technologies, Inc.’s Invalidity Contentions, dated June 6, 2014.

864. | U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systemes, Inc., and Diablo Technologies, Inc., Exhibits D-1
to D6 to “Diablo Technologies, Inc.’s Invalidity Contentions,” dated June 6, 2014.

865. | U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
Inphi Corporation, Complaint For Patent Infringement, filed Sep. 22, 2009 in 10 pages.
cited by other.

866. | U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Defendant Inphi Corporation's Answer to Plaintiff's Complaint for
Patent Infringement, filed Nov. 12, 2009 in 6 pages. cited by other.

867. | U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Defendant Inphi Corporation's Answer to Plaintiff's First Amended
Complaint for Patent Infringement, filed Feb. 11, 2010 in 9 pages. cited by other.

868. | U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Defendant Inphi Corporation's Notice of Motion and Motion for
Stay Pending Reexaminations and Interference Proceeding Regarding the Patents-In-
Suit; Memorandum of Points and Authorities in Support Thereof, filed Apr. 21, 2010 in
28 pages. cited by other.

869. | U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
INPHI Corporation, Plaintiff Netlist Inc's Opposition to Defendant Inphi Corporation's
Motion for Stay Pending Reexaminations and Interference Proceedings Regarding the
Patents-In-Suit, filed May 3, 2010 in 23 pages. cited by other.

870. | U.S. District Court Central District of California, Case No. CV09 06900, Netlist, Inc. vs.
Inphi Corporation, Plaintiff Netlist, Inc's First Amended Complaint For Patent
Infringement, filed Dec. 23, 2009 in 8 pages. cited by other.

871. | US District Court Civil Docket; Netlist Inc. v. Google Inc.; 4:09¢cv5718; Date filed Dec. 4,
2009. In 10 pages. cited by other.

872. | U.S. Court of Appeals for the Federal Circuit, Decision on Appeal for Reexamination
Control No. 95/001,381, filed November 13, 2015, 14 pages

873. | U.S. District Court Northern District of California, Case No. 4:13-CV-05889-YGR,
Netlist, Inc. v. Smart Storage Systems, Inc., and Diablo Technologies, Inc., Corrected
Joint Claim
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874. | Construction and Prehearing Statement Pursuant to Patent L.R. 4-3, including Exhibit
A, filed August 27, 2014, 28 pages.
875. | Notice of Allowance, U.S. Pat. App. No. 12/504,131, February 12, 2013, 52 pages
876. | Non-Final Office Action, U.S. Pat. App. No. 12/761,179, September 13, 2012, 20 pages
877. | Response to non-final office action dated September 13, 2012 for U.S. Patent
Application No. 12/761,179, filed March 13, 2013, 16 pages
878. | Notice of Allowance, U.S. Pat. App. No. 12/761,179, July 11, 2013, 37 pages
879. | Non-Final Office Action, dated January 2, 2014, for U.S. Pat. App. No. 13/287,042 filed
November 1, 2011, 42 pages
880. | Response to Non-Final Office Action dated January 2, 2014 for U.S. Pat. App. No.
13/287,042, filed April 2, 2014, 12 pages
881. | Non-final office action, U.S. Patent Application No. 13/288,850, October 14, 2013, 24
pages
882. | Response to non-final office action dated October 14, 2013 for U.S. Patent Application
No. 13/288,850, filed January 14, 2014, 15 pages
883. | Non-final office action, U.S. Patent Application No. 13/411,344, December 31, 2013,
28 pages
884. | Response to non-final office action dated 12/31/2013 for U.S. Patent Application No.
13/411,344, filed March 31, 2014, 12 pages
885. | Non-Final Office Action, U.S. Pat. App. No. 13/412,243, January 2, 2014, 20 pages
886. | Non-final office action, U.S. Patent Application No. 13/473,413, November 17, 2011,
46 pages
887. | Office Action mailed April 2, 2014, for Japanese Patent Application No. JP 2012-
520662 and English translation thereof, 7 pages
888. | Written Opinion for International Application No. PCT/US2010/040826, date of
mailing October 24, 2011 (NETL.048VPC) in 7 pages.
889. | International Preliminary Report on Patentability for International Application No.
PCT/US2010/040826, date of mailing November 28, 2011 (NETL.048VPC) in 34 pages.
890. | International Search Report and Written Opinion for Related Application No.
PCT/US2010/040826, mailed on September 27, 2010, in 15 pages.
891. | International Search Report and Written Opinion, PCT Application No.
PCT/US2011/059209, January 31, 2013
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Jefferey C. SOLOMON Confirmation No.: 3549

Serial No.: 17/403,832 Group Art Unit: 2139

Filed: August 16,2021 Examiner: TBA

For: MEMORY MODULE WITH DATA Attorney Docket No.:  NL023-02US02
BUFFERING

INFORMATION DISCLOSURE STATEMENT

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

Sir:

In accordance with the duty of disclosure provisions of 37 C.F.R. §1.56, there is hereby provided
certain information which the Examiner may consider material to the examination of the subject U.S.
patent application. It is requested that the Examiner make this information of record if it is deemed
material to the examination of the application.

1. Enclosures accompanying this Information Disclosure Statement are:

la. X A list of all patents, publications, applications, or other information submitted for
consideration by the office.

1b. A legible copy of:
[] Each foreign patent;
] Each publication or that portion which caused it to be listed on the PTO-1449;

[] For each cited pending U.S. application, the application specification including the
claims, and any drawing of the application, or portion of the application which caused it
to be listed on the PTO-1449 including any claims directed to that portion;

[] all other information or portion which caused it to be listed on the PTO-1449.

lc. ] An English language copy of search report(s) from a counterpart foreign application
or PCT International Search Report.

1d. [] Explanations of relevancy (ATTACHMENT 1(d). hereto) or English language
abstracts of the non-English language publications.
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2. X This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b):

[] Within three months of the filing date of a national application other than a continued
prosecution application under §1.53(d);

[] Within three months of the date of entry of the national stage as set forth in §1.491 in
an international application;

X Before the mailing of the first Office action on the merits;

[] Before the mailing of a first Office action after the filing of a request for continued
examination under §1.114.

3. O This Information Disclosure Statement is filed under 37 C.F R. §1.97(c) after the period
specified in 37 C.F.R. §1.97(b), but before the mailing date of any of a final action under
37 CF.R. §1.113, anotice of allowance under 37 C.F.R. §1.311 or an action that
otherwise closes prosecution in the application.

(Check either Item 3a, 3b, 3c or 3d)

3a. [] The Certification Statement in Item 5 below is applicable. Accordingly, no fee is
required.

3b. [] The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

3c. ] The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

3d. ] The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10USO01).

(Items 3b or 3c to be checked if any reference known for more than 3 months)

4. O This Information Disclosure Statement is filed under 37 C.F.R. §1.97(d) after the period
specified in 37 C.F.R. §1.97(c), but on or before the date of payment of the issue fee.

(Check Item 4a, and 4b, 4c or 4d)
4a. [] The Certification Statement in Item 5 below is applicable.

4b. [] The $260 (large entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CFR. §197(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

4c. [] The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37

CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10USO01).
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4d.

Sa.

5b.

5d.

7a.

7b.

] The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37
CF.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NLO57-
10US01).

Certification Statement (applicable if Item 3a or Item 4a is checked)
(Check either Item 5a, 5b, 5c or 5d)

] In accordance with 37 C.F.R. §1.97(c)(1), it is certified that each item of information
contained in this information disclosure statement was first cited in a communication
from a foreign patent office in a counterpart foreign application not more than three
months prior to the filing of this Information Disclosure Statement.

] In accordance with 37 C.F.R. §1.97(¢)(2), it is certified that no item of information
contained in the information disclosure statement was cited in a communication from
a foreign patent office in a counterpart foreign application, and, to the knowledge of
the person signing the certification after making reasonable inquiry, no item of
information contained in the information disclosure statement was known to any
individual designated in 37 C.F.R. §1.56(c) more than three months prior to the filing
of this information disclosure statement.

] Each item of information contained in this information disclosure statement was cited
in a communication from a foreign patent office in a counterpart application, and the
communication was not received by any individual designated in 37 C.F.R. §1.56(c)
more than thirty days prior to the filing of this information disclosure statement.

(] Pursuant to 37 C.F.R. §1.704(d), each item of information contained in this
information disclosure statement was cited in a communication from a foreign patent
office in a counterpart application, and the communication was not received by any
individual designated in 37 C.F.R. §1.56(c) more than thirty days prior to the filing of
this information disclosure statement.

Copies of each cited U.S. patent and each U.S. patent application publication are not
enclosed pursuant to the USPTO OG Notice dated 05 August 2003 waiving the
requirement under 37 C.F.R. 1.98(a)(2)(1) for U.S. patent applications filed after June 30,
2003.

This application is a continuation application under 37 C.F.R. §1.53(b) or (d).
(Check appropriate Items 7a, 7b and/or 7c)

] A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(3) is concurrently filed
herewith.

X Copies of publications listed on Form PTO-1449 from prior application Serial Nos.
15/857,519, filed on December 28, 2017, 14/715,486, filed on May 18, 2015;
13/971,231 , filed on August 20, 2013; 13/287,081 , filed on November 1, 2011;
13/032,470 , filed on February 22, 2011; 12/955,711 , filed on November 29, 2010;
12/629,827 , filed on December 2, 2009; 12/408,652 | filed on March 20, 2009;
11/335,875 , filed on January 19, 2006; 11/173,175 , filed on July 1, 2005,
11/075,395 |, filed on March 7, 2005, of which this application claims priority under

3
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11.

Date:

iz/11/2021

Tc.

8a.

9a.

9b.

9c¢.

35 U.S.C. §120, are not being submitted pursuant to 37 C.F.R. §1.98(d).

[ ] Copies of the publications listed on the attached Form PTO-1449 that were not
previously cited in prior application Serial No. , filed on , are provided
herewith.

This is a Supplemental Information Disclosure Statement. (Check Item 8a)

[] This Supplemental Information Disclosure Statement under 37 C.F.R. §1.97(f)
supplements the Information Disclosure Statement filed on . A bona fide
attempt was made to comply with 37 C.F.R. §1.98, but inadvertent omissions were
made. These omissions have been corrected herein. Accordingly, additional time is
requested so that this Supplemental Information Disclosure Statement can be
considered as if properly filed on

In accordance with 37 C.F R. §1.98, a concise explanation of what is presently
understood to be the relevance of each non-English language publication is:

( Check Item 9a, 9b, or 9c)

[] satisfied because all non-English language publications were cited on the enclosed
English language copy of the PCT International Search Report or the search report
from a counterpart foreign application indicating the degree of relevance found by
the foreign office.

[] set forth in the application.

[] enclosed as an attachment hereto.

The Commissioner is authorized to charge any additional fee required or credit any
overpayment for this Information Disclosure Statement and/or Petition to Deposit
Account No. 60-3916 (order no. NL023-02US02).

No admission is made that the information cited in this Statement is, or is considered to
be, material to patentability nor a representation that a search has been made (other than a
search report of a foreign counterpart application or PCT International Search Report if
submitted herewith). 37 C.FR. §§1.97(g) and (h).

Respectfully submitted,

December 11, 2021 /Jamie J. Zheng/ 51,167

Jamie J. Zheng (Reg. No.)
Customer No. 79141

/VANTHU T NGUYEN/ 08/27/2022
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