
UTILITY 
PATENT APPLICATION 

TRANSMITTAL 
(Only for new nonprovisional applications under 37 CFR § 1.53(b)) 

Attorney Docket No. NL023-02US01 

First Inventor Jefferey C. Solomon 

Title MEMORY MODULE WITH DATA BUFFERING 

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. 0 Specification [Total Pages 57 ] Name of Assignee: 

(35 USC§ 113) [Total Sheets 23 ] 37 CFR § 3.73(c) Statement 4. 0 Drawing(s) 10. 0 

or Declaration [Total Pages 1 ] 
Newly executed (original or copy) 

of Attorney a. 0 Power 5..t Oath 
a. ❑ 

b. 0 Copy from a prior application (37 CFR § 1.63(d)) 11. ❑ English Translation Document (if applicable) 

Data Sheet, see 37 C.F.R. § 1.76 12. ❑ Information Disclosure Statement and PTO-1449 6. 0 Application 
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. ❑Computer Readable Form (CRF) 
b. ❑Specification Sequence Listing on 

15. ❑ Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 

i. ❑ CD-ROM or CD-R (2 copies); or 
ii. ❑ Paper 16. ❑ Non-Publication Request 

c. ❑ Statement verifying identity of above copies 
under 35 U.S.C. § 122 (b)(2)(B)(i)

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 / Date August 16, 2021 

Name 
(Print/Type) Jamie J. Zheng Registration No. 

(Attorney/Agent) 
51,167 
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PTO/AIA/14 (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 

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: 

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

Inventor Information: 

Inventor 7 Remove

Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

il efferey 
I 

I olomon 'I 

Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City rvine State/Province 
El. Country of Residend I S 

Mailing Address of Inventor: 

Address 1 16 Silver Fir 

Address 2 

City rvine State/Province CA 

Postal Code 92604 Country i US 

Inventor 2 Remove

Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

il Jayesh R. 3hakta I 
Residence Information (Select One) CI US Residency Non US Residency Active US Military Service 

City Cerritos State/Province CA Country of Residend S 

Mailing Address of Inventor: 

Address 1 12220 Rose Street 

Address 2 

City erritos State/Province CA 

Postal Code 90703 Country i US 

All Inventors Must Be Listed Additional Inventor Information blocks be - may 
within this form by selecting the Add button. 

Add 
generated 

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

EFS Web 2.2.13 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number NL023-02US02 

Application Number 

Title of Invention MEMORY MODULE WITH DATA BUFFERING 

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

Customer Number 79141 

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 onprovisional 

Subject Matter tility 

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 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

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

i 
Application number of the previously 
filed application 

Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 

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

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

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

Representative Information: 

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

Please Select One: • Customer Number US Patent Practitioner 0 Limited Recognition (37 CFR 11.9) 

Customer Number f9141 

EFS Web 2.2.13 
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PTO/AIA/14 (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 

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 . Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

] 
Continuation of  16/695020 2019-11-25 

Prior Application Status Patented _ Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

16/695020 Continuation of • 15/857519 2017-12-28 10489314 2019-11-26 

Prior Application Status !Patented - I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

15/857519 Continuation of • 14/715486 2015-05-18 9858215 2018-01-02 

Prior Application Status !Patented - I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

14/715486 Continuation of • 13/971231 2013-08-20 9037774 2019-05-19 

Prior Application Status !Patented 'I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

13/971231 Continuation of • 13/287081 2011-11-01 8516188 2013-08-20 

Prior Application Status !Patented 'I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

13/287081 Continuation of • 13/032470 2011-02-22 8081536 2011-12-20 

Prior Application Status !Patented 'I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

13/032470 Continuation of • 12/955711 2010-11-29 7916574 2011-03-29 

Prior Application Status !Patented 'I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number 
Issue Date 

(YYYY-MM-DD) 

12/955711 Continuation of • 12/629827 2009-12-02 781150 2011-02-01 

Prior Application Status !Patented -I Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number 
Issue Date 

(YYYY-MM-DD) 

12/629827 Continuation of I 12/408652 2009-03-20 7636274 2009-12-22 

EFS Web 2.2.13 
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PTO/AIA/14 (02-18) 
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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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number NL023-02US02 

Application Number 

Title of Invention MEMORY MODULE WITH DATA BUFFERING 

Prior Application Status •atented 0 Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

112/408652 IC 11/335875 2006-01-19 7532537 2009-05-12 

Prior Application Status xpired Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

I 1/335875 I laims benefit of provisional - 60/645087 2005-01-19 

Prior Application Status •atented .
Remove 

Application 
Number Continuity Type 

Prior Application 
Number 

Filing Date 
(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 

Issue Date 

11/335875 Continua ion in part of 11/173175 2005-07-01 7289386 2007-10-30 

Prior Application Status xpired Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

I 1/173175 I laims benefit of provisional • 60/588244 2004-07-15 

Prior Application Status •atented _ Remove 

Application 
Number Continuity Type Prior Application 

Number 
Filing Date 

(YYYY-MM-DD) Patent Number (YYYY-MM-DD) 
Issue Date 

11/173175 Continua ion in part of 11/075395 2005-03-07 7286436 2007-10-23 

Prior Application Status xpired - Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

1/075395 aims benefit of provisional 60/550668 2004-03-05 

Prior Application Status xpired . Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) 

(YYYY-MM-DD) 
Date 

I 1/075395 I aims benefit of provisional - 60/575595 2004-05-28 

Prior Application Status xpired . Remove 

Application Number Continuity Type Prior Application Number 
Filing or 371(c) Date 

(YYYY-MM-DD) 

1/075395 laims benefit of provisional i 60/590038 2004-07-21 

Additional Domestic Benefit/National Stage Data be this form may generated within 
by selecting the Add button. 

Add 

Foreign Priority Information: 

EFS Web 2.2.13 
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PTO/AIA/14 (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 

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

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

that is eligible for retrieval under the priority document exchange program (PDX)1 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 Country' Filing Date (YYYY-MM-DD) Access Code' (if applicable) 

1 
Additional Foreign Priority Data may be within this form by selecting the generated 
Add button. Add 

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

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

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

EFS Web 2.2.13 
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PTO/AIA/14 (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 

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) 
(1). 

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. 

EFS Web 2.2.13 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number NL023-02US02 

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 k Remove 

If the applicants 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. 

Clear 

• 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: 

1 

Name of the Deceased or Legally Incapacitated Inventor: 

If the Applicant is an Organization check here. 1 

Organization Name Il etlist, Inc. 

Mailing Address Information For Applicant: 

Address 1 75 Technology 

Address 2 uite 150 

City Irvine State/Province CA 

Country' NS Postal Code 92618 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office. 
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PTO/AIA/14 (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 

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. 

Remove 

If the Assignee or Non-Applicant Assignee is an Organization check here. ❑ 

Prefix Given Name Middle Name Family Name Suffix 

I

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I I State/Province 

Country i I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee Non Assignee Data be this form by or -Applicant may generated within 
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 Jamie J. Last Name Zheng Registration Number 51167 

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

Remove 
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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. 

Application Data Sheet 37 CFR 1.76 
Attorney Docket Number NL023-02US02 

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. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent 
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information 
is 35 U.S.C. 2(6)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and 
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S. 
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of 
the application or expiration of the patent. 

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

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

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

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

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform 
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 
552a(m). 

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes 
aware of a violation or potential violation of law or regulation. 
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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 229 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 229 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 224 (or 16,777,216) memory locations arranged as 213 rows and 211 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 226 or 67,108,864 memory locations with 8 bits each) are identified as having 

a "64 Mb x8" or "64 Mx 8-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 Mx 8-byte" configuration or a "64 Mx 64-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 23° 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 230 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 214 rows and 211 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 Mb x8" or "128 Mx 8-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 Mx 8-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 Mx 8-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 Mb x4) 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 

100111 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 Mx 4 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-DIMMs. 

[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 (µEGA), 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 b 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 a, 120 b on the DQ data signal lines 102a, 102b 

as schematically illustrated by FIG. 4A. Each switch 120 a, 120 b 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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dec lara don s 

reg rassN___R, casNK, 
wire a eras k, peli_crnd_R„, R, eind_R_ 
wire 

‘, t DDR 2 FET 
reg Mr '.N Tt; II registered chip sel 
reg NAN registered chip sel 

braN,,R; /1 registered chip sel 
g brs3Nt_R; If registered chip 

wire sel; 
wire sel_01 
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wire rd_R T ; 
wire Valsind_Rwr . R1; 

reg r€ R2 ,rd3.3,rk RA,rdR5; 
leg err R2,wr R3,wTR4,wrR,5; 
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wire wr01RI ; 
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end 
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always -(i4(posedze elk in1 , 
begin 
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end 
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UT,, 0 1 ,,,R3 

Wr...0 I R4 < ==- ..R3; 
wr

: 2
wr 

<—

end 
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always q(posecige 
. begin 

if 
(rd_R2) 
(rd_R3,) 
(rd___R4) 

R 1) 
(wr...A2) 
(wr..A3) 
) begin 

euleti 11)1
eoRt2 ; 

1 'b 1 
fet4 w, a'b 1.; 

enfet5 ; 
enfet6 ib 

end 

else 
begin 

ent.etl 1110; 
enkt2 1%0; 
enfet3 MO; 
enfet4 1110; 
entet5 <— PK); 

eafet6 rA 1'1)0; 
end 

end 

Back-to-Back Adjacent Read Commands 

pro-ara rd 
1st cyn of rd .brst (0B) 

1i 2nd cyc of al. brst (d3) 
/pre-am 
/ bLF hrst .1a cr.-

VT brst 2nd :•yc 

ll enable fet 
enable fet 

1/ enable fet 
Ir enable fet 
I/ enable. fet 
/1 enable let 

difable .fet 
I/ disable fet 
IS disable :fet 

.disable fet 
dif;iabln fet 

disable fet 

[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 CS0, 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 C So) 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 (A0-Ampi), bank address signals (BA0-BAm), 

chip-select signals (CS0 and CS1), and command signals (e.g., refresh, precharge, etc.) from 

the computer system. The Ao-A, row/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 (CS0, CS1) and one 

row/column address signal (Ampi) from the computer system. Both the circuit 40 and the 

register 230 receive the bank address signals (BA0-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 CS0 CS1 An _,1 Command CS 0,4 CSOB CS IA CS LB

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. CS0, CS1, CSOA, CSOB, CSIA, and CSIB are active low signals. 

2. An+1 is an active high signal. 

3. 5E' 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: CS° is active low, An+1 is non-active, and Command is 

active. CS0A is pulled low, thereby selecting Rank 0. 

[0086] In Logic State 2: CS0 is active low, An+1 is active, and Command is active. 

CSos is pulled low, thereby selecting Rank 1. 

[0087] In Logic State 3: CS0 is active low, An+1 is Don't Care, and Command is 

active high. CS0A and CSos are pulled low, thereby selecting Ranks 0 and 1. 

[0088] In Logic State 4: CS1 is active low, An+1 is non-active, and Command is 
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active. CSiA is pulled low, thereby selecting Rank 2. 

[0089] In Logic State 5: CSi is active low, An+1 is active, and Command is active. 

CSiB is pulled low, thereby selecting Rank 3. 

[0090] In Logic State 6: CSi is active low, An+1 is Don't Care, and Command is 

active. CSiA and CS1B are pulled low, thereby selecting Ranks 2 and 3. 

[0091] In Logic State 7: CS0 and CSi are pulled non-active high, which deselects 

all ranks, i.e., CSOA, CSOB, CSiA, and CS's 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 

CS* RAS* CAS* WE* 
Density 

Bit A10 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 Mx 8-byte) memory 

module utilizing eight 512-Mb memory devices each with a 64 Mx 8-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: Defines the number of column address bits in the DRAM device in the 

memory module [11 for the 512-Mb memory device]. 

Byte 13: Defines the bit width of the primary DRAM device used in the memory 

module [8 bits for the 512-Mb (64 Mx 8-bit) memory device]. 

Byte 14: Defines the bit width of the error checking DRAM device used in the memory 

module [8 bits for the 512-Mb (64 Mx 8-bit) memory device]. 

Byte 17: Defines the number of banks internal to the DRAM device used in the 

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

[0097] In a further example, for a commercially-available 1-GB (128 Mx 8-byte) 

memory module utilizing eight 1-Gb memory devices each with a 128 Mx 8-bit configuration, 

as described above, 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 [14 for the 1-Gb memory device]. 

Byte 4: Defines the number of column address bits in the DRAM device in the 

memory module [11 for the 1-Gb memory device]. 

Byte 13: Defines the bit width of the primary DRAM device used in the memory 

module [8 bits for the 1-Gb (128 Mx 8-bit) memory device]. 

Byte 14: Defines the bit width of the error checking DRAM device used in the memory 

module [8 bits for the 1-Gb (128 Mx 8-bit) memory device]. 

Byte 17: Defines the number of banks internal to the DRAM device used in the 

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

[0098] 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-l-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 Mx 8-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 Mx 8-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 213 rows and 212

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 Mx 4-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., 

DDR1, 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 
bits for "x 4" configuration 

11 11 12 12 

Number of column address 
bits for "x 8" configuration 

10 10 11 11 

Number of column address 
bits for "x 16" configuration 

9 9 10 10 

[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 212 columns of memory locations, while 1-Gb (128 Mx8-bit) DRAM devices have 

214 rows and 211 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 Mx 8-

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 
Rows 

Number of 
Columns 

Number of 
Internal Banks 

Page Size 
(x4s or x8s) 

256 Mb 13 11 4 1 KB 
512 Mb 14 11 4 1 KB 

1 Gb 14 11 8 1 KB 
2 Gb 15 11 8 1KB 
4 Gb 16 11 8 1KB 

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 
512 Mb to 1 Gb 

1 Gb to 2 Gb 
2 Gb to 4 Gb 

A 13

BA2

A 14 

A 15

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 A13. 

[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 BA2 (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 BA2 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 BA2 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 Ala 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 

// latched a13 flags cs0, banks 0-3 

always @(posedge clk in) 

if (actv_cmd_R & —rsON_R & —bnkl_R & —bnkO_R ) // activate 
begin 

1_a13_00 <= al3_r ; 
end 

always @(posedge clk in) 
if (actv_cmd_R & —rs ON R & —bnkl_R & bnk0 R) 
begin 

1 a13 01 <= al3 r ; 
end 

always @(posedge clk_in) 
if (actv_cmd_R & —rsON_R & bnkl_R & —bnkO_R) 

1/ activate 

// activate 
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begin 
1 a13 10 <= al3 r ; 

end 
always @(posedge clk_ in) 

if (actv cmd R & —rsON R & bnkl R & bnk0 R) 
begin 

end 
// gated cas 
assign cas_i = 
assign cas0 

1_a13_11 <= al3_r ; 

—(casN R); 
o = ( —rasN R & cas_i) 

( rasN_R & —1_a13_00 
(rasN R & —1 al3 01 
(rasN R & —1 a13 10 
(rasN R&-1 a13 11 

assign casl o = ( —rasN R & cas_i) 
( rasN R & 1 al3 00 
(rasN R & 1 a13 01 
( rasN_R & 1_a13_10 
(rasN R& 1 al3 11 

assign 
assign 
assign 
assign 
assign 
assign 

// activate 

& —bnkl_R & —bnk0_R & cas_i) 
& —bnkl R & bnk0 R & cas_i) 
& bnkl_R & —bnk0 R & cas_i) 
& bnkl_R & bnk0 R & cas_i) 

& —bnkl_R & —bnk0 R & cas_i) 
& —bnkl R & bnk0 R & cas_i) 
& bnkl_R & —bnk0_R & cas_i) 
& bnkl R & bnk0 R & cas_i) 

peas 0 N = —cas0 o; 
pcas 1 N = —cast o; 
rd0 o R1 = rasN R & cas0 o & weN R & —rsON R; // rnk0 rd cmd cyc 
rdl o R1 = rasN R & casl o & weN R & —rsON R; // rnkl rd cmd cyc 
wr0 o R1 = rasN R & cas0 o & —weN R & —rsON R; // mk0 wr cmd cyc 
wrl o R1 = rasN R & cast o & —weN R & —rsON R ; // rnkl wr cmd cyc 
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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 ("x4") 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 Mx 4-bit 

memory devices has the same memory density as a 1-Gb 128 Mx 8-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 Mx 8-bit DDR-1 DRAM memory device uses row 

addresses A13-A0 and column addresses All and A9-Ao. A pair of 512-Mb 128 M x 4-bit DDR-1 

DRAM memory devices uses row addresses Al2-A0 and column addresses Al2, All, and A9-Ao. 

In certain embodiments, a memory controller of a computer system utilizing a 1-GB 128 Mx 8 

memory module 10 comprising pairs of the 512-Mb 128 Mx4 memory devices 30 supplies the 

address and command signals including the extra row address (A13) 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 (Al2). 
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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 Al2 address through to the first rank 32, the 

second multiplexer 46 passes the Al2 address through to the second rank 34, and the PLD 42 

saves or latches the A13 address from the memory controller. In certain embodiments, a copy 

of the A13 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 A13 address through to the first rank 32a as the Ail 

address and the second multiplexer 46 passes the previously-saved A13 address through to the 

second rank 32b as the Al2 address. The first rank 32a and the second rank 32b thus interpret 

the previously-saved A13 row address as the current Ail 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 c, 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 c, and the fourth rank 32 d. 

[00131] Each rank 32a, 32b, 32 c, 32 d of FIG. 11A has 9 memory devices 30. Other 

numbers of memory devices 30 in each of the ranks 32a, 32b, 32 c, 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 

xg") 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 Mx 8-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 Mx 8-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 (CS0, 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 Mx 8-byte DDR-1 DRAM memory module, the CS0 and CSi 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 c, 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, 58 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, ENCASia, ENCASib) 

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, 58. 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 c, 32 d is active. 

[00136] In certain 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 c, 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 c, 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 Mx 4-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 ti, 

both the first DQS pin 312 and the second DQS pin 322 are high, so no current flows between 

them. Similarly, at time t4, 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 t2 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 

NL023-02US02 - 45 - 

Samsung Electronics Co., Ltd.
Ex. 1059, p. 56



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 Mx4-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 VTT 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 t2 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 (S SO) effects. 

[00151] In certain embodiments, as schematically illustrated by FIG. 17B, the DQS 

driver of the first memory device 410 has a driver impedance Ri 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 R2 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 

R3 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 

Vws2=2.7*R4/(Ri+R2+R3+R4)=0.59 volts and the current flowing through the second DQS 

pin 422 is given by IDQs2=0.59/R4=34 milliamps. The power dissipation in the DQS driver of 

the second memory device 420 is thus PDQs2=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 Vws2=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 605, 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 605. 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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Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Total in USD ($) 1820 

Samsung Electronics Co., Ltd.
Ex. 1059, p. 97



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: 
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Application Type: Utility under 35 USC 111(a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 
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RAM confirmation Number E20218FM41562067 
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File Listing: 

Document 
Number 

Document Description File Name 
File Size(Bytes)/ 
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Multi 
Part /.zip 
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(if appl.) 

1 Transmittal of New Application 
TransmittApplNL023-02US02_ _ 

al.pdf 

85233 

no 1 
c3b13bdc665da0k905393fl 93347516977 

47c42 

Warnings: 
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2 Application Data Sheet NL023-02US02_ADS.pdf 

1257104 
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3 NL023-02US02_Application.pdf 
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Specification 1 53 
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6 Power of Attorney General POA Netlist.pdf 

151681 

no 1 
6397f182d5e6b2bfF6bfab96b1036487015 

b2d89 

Warnings: 
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7 Drawings-only black and white line 
drawings 

NL023-02US02_Drawings.pdf 

1005555 
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690a8 

Warnings: 
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8 Fee Worksheet (SB06) fee-info.pdf 
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4e85a8d09541639684259b23dc6b87006c 

e03b0b 
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Total Files Size (in bytes): 3724240 
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characterized by the applicant, and including page 
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New Applications Under 35 U.S.C. 111 
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counts, where applicable. 

includes the necessary components 
1.54) will be issued in due 
date of the application. 

35 U.S.C. 371 
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is compliant with the conditions of 35 
acceptance of the application as a 
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of the International Application Number 

subject to prescriptions concerning 
establish the international filing date of 
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1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 
Acknowledgement Receipt will establish the filing 
National Stage of an International Application under 
If a timely submission to enter the national stage of an international application 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating 
national stage submission under 35 U.S.C. 371 will be issued in addition to the 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification 
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PATENT APPLICATION FEE DETERMINATION RECORD 
Substitute for Form PTO-875 

Application or Docket Number 

17/403,832 

APPLICATION AS FILED - PART I 
(Column 1) (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) N/A N/A 

SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) N/A N/A 

EXAMINATION FEE 
(37 CFR 1.16(o), (p), or (q)) N/A N/A 
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(37 CFR 1.16(0) 
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(37 CFR 1.16(s)) 

If the specification and drawings exceed 100 
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41(a)(1)(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 
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(37 CFR 1.16(h)) 
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Total 
(37 CFR 1.16(i)) 
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Application Size Fee (37 CFR 1.16(s)) 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

m. 

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

P.O. Box 1450 
Alexandria, VirgLnia 22313-1450 
www.uspto.gov 

APPLICATION 
NUMBER 

FILING or 
371(c) DATE 

GRP ART 
UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

17/403,832 08/16/2021 

79141 
USCH Law, PC 
3790 El Camino Real #1147 
Palo Alto, CA 94304 

2139 1820 NL023-02US02 12 1 
CONFIRMATION NO. 3549 

FILING RECEIPT 

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 
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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 AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
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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 OFFICE 

m. 

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

PO. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

17/403,832 

79141 
USCH Law, PC 
3790 El Camino Real #1147 
Palo Alto, CA 94304 

08/16/2021 

Title:MEMORY MODULE WITH DATA BUFFERING 

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

Jefferey C. Solomon NL023-02U502 
CONFIRMATION NO. 3549 

PUBLICATION NOTICE 

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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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 1 of 47 Attorney Docket Number NL023-02US02 

U.S. PATENT DOCUMENTS 

Examiner 
Initials 

Cite 
No.

Document Number 
Publication Date 
YYYY-MM-DD 

Name of Patentee or Applicant 
of Cited Document 

Pages, Columns, Lines, 
Where Relevant Passages or 

Relevant Figures Appear 
Number - Kind Code2

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. 

4,706,214 1987-11-10 
Mitsubishi Denki 
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 
19. 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. 
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Filing Date August 16, 2021 

First Named Inventor Jefferey C. Solomon 
Art Unit 2139 
Examiner Name TBD 

Sheet 2 of 47 Attorney Docket Number NL023-02US02 

31. 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. 

5,638,534 1997-06-10 
Samsung Electronics Co 
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 Sha kka rwa r 
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 
91. 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. 
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. 
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 lshikawa 
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-Jye 
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 

Examiner 
Initials 

Cite 
No. 

Foreign Patent Document 
Publication Date 
MM-DD-YYYY 

Name of Patentee or 
Applicant of Cited 

Document 

Pages, Columns, Lines, 
Where Relevant Passages 

or Relevant Figures Appear 
T6Country Code3 — Number4

- Kind Code5 (if known) 

274. EP 1 816 570 A2 2007-08-08 Rambus, Inc. 
275. 

JP 10320270 A 1998-12-04 
Matsushita Electric 
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. 

JP 2010-320270 A 1998-12-04 
Matsushita Electric 
Inc. Co. 

283. JPH 10092169 A 1997-09-09 Toshiba Corp. 
284. 

WO 1992/002879 1992-02-20 
Du Pont Pixel 
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. 

WO 2002/058069 2002-07-25 
Honeywell 
International, Inc. 

289. 

WO 2002/063804 2002-08-15 

Centillium 
Communications, 
Inc. 

290. 

WO 2003/017283 2003-02-27 
Micron Technology, 
Inc. 
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291. 

WO 2003/069484 2003-08-21 
Micron Technology, 
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 No.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 No.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 
C.F.R. 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 C.F.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 C.F.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 C.F.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 C.F.R. § 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 II 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. IPR2017-00549, Deposition 
Transcript of Carl Sechen, filed December 15, 2017. 

448. Inter Partes Review of US Patent No.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 No.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 No.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 No.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. IPR2017-00549, 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 No.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 No.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. IPR2017-00667, Deposition 
of Carl Sechen, Ph.D. taken February 8, 2018., filed February 26, 2018. 

495. Inter Partes Review of US Patent No.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 No.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 XPLA3 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 No.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 No.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 No.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 No.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 No.9606907, Case No. IPR2018-00362, Exhibit 
1026, Respondents' Post-Hearing Brief , filed May 30, 2017. 

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

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

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

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

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

549. Inter Partes Review of US Patent No.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 No.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 No.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 No.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 No.9606907, Case No. IPR2018-00362, Order 37 
C.F.R. 42.5, 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 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. 

569. 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. 

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 No.9606907, Case No. IPR2018-00362, Patent 
Owner Objections To Reply Evidence, filed February 19, 2019. 

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

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

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

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

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

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

585. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent 
Owner's Preliminary Response, filed April 10, 2018. 

586. Inter Partes Review of US Patent No.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 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. 
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589. 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. 

590. 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. 

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

593. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Order, Trial 
Hearing, filed March 1, 2019. 

594. Inter Partes Review of US Patent No.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 No.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 No.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 No.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 No.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 No.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 No.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 No.9606907, filed December 27, 2017. 

605. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Petition, 
filed December 27, 2017. 
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606. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Patent 
Owner's Preliminary Response, filed May 7, 2018. 

607. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Decision 
Granting Institution of Inter Partes Review, filed August 6, 2018. 

608. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Patent 
Owner's Objections to Petition Evidence, filed August 21, 2018. 

609. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Patent 
Owner's Supplemental Mandatory Notices, filed September 17, 2018. 

610. Inter Partes Review of US Patent No.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 No.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 No.9606907, Case No. IPR2018-00364, Patent 
Owner's Response, filed November 16, 2018. 

613. Inter Partes Review of US Patent No.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 No.9606907, Case No. IPR2018-00365, Patent 
Owner's Preliminary Response, filed December 27, 2017. 

615. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00365, Petition, 
filed December 27, 2017. 

616. Inter Partes Review of US Patent No.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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prosecution application under §1.53(d); 

pi Within three months of the date of entry of the national stage as set forth in §1.491 in 
an international application; 

[S] Before the mailing of the first Office action on the merits; 

pi Before the mailing of a first Office action after the filing of a request for continued 
examination under §1.114. 

3. 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 C.F.R. §1.113, a notice 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. pi 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 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

3c. ❑ The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

3d. ❑ The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

(Items 3b or 3c to be checked if any reference known for more than 3 months) 

4. ❑ 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. pi 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 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

4c. ❑ The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 
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4d. ❑ The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

5. 

5a. 

5b. 

5c. 

5d. 

6. 

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(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(e)(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)(i) for U.S. patent applications filed after June 30, 
2003 

7. El This application is a continuation application under 37 C.F.R. §1.53(b) or (d). 

(Check appropriate Items 7a, 7b and/or 7c) 

7a. ❑ A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed 
herewith. 

7b. El 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 
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35 U.S.C. §120, are not being submitted pursuant to 37 C.F.R. §1.98(d). 

7c. pi 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. 

8. ❑ This is a Supplemental Information Disclosure Statement. (Check Item 8a) 

8a. pi 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 

9. 

9a. 

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. 

9b. ❑ set forth in the application. 

9c. enclosed as an attachment hereto. 

10. 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). 

11. 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). 

Date: December 11, 2021 

Respectfully submitted, 

/Jamie J. Zheng/ 
Jamie J. Zheng 
Customer No. 79141 
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(57) Abstract: The present invention utilizes a 'huller to isolate a stack of memory devices, thereby taking advantage of the increased 
,.,e1 memory density available from stacked memory devices while reducing capacitive loading. A memory module in accordance with 

the present invention may include a stack of memory devices and a buffer coupled to the first and second memory devices and ar-

t ranged to capacitively isolate the first and second memory devices from a bus. In a memory system in accordance with the present 
invention, multiple buffered stacks of memory devices are preferably coupled in a point-to-point arrangement, thereby further reduc-
ing capacitive loading. 
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MEMORY MODULE HAVING BUFFER FOR ISOLATING STACKED MEMORY 
DEVICES 

BACKGROUND OF THE INVENTION 

5 Fig. 1 is a block diagram of a prior art memory system. The system of Fig. 1 

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 

10 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 

15 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 

20 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 

25 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 

30 - 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 

5 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 

10 112. 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 

15 memory module and reduces power consumption. 

The buffer 110 sends and receives signals to and from the memory controller 

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 

20 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 

25 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 through a bus system 

118 which includes buses 118A and 11813. The modules may be coupled through 

30 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 

5 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 parallel 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 

10 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 

15 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 isolate 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 

20 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. 

25 
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CLAIMS 

1. A memory system 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. 

PCT/US01/28627 

2. A memory system according to claim 1 further comprising a third memory 

device stacked on the second memory 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 

15 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; 

20 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 

25 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. 

30 8. A memory system according to claim 5 further comprising a memory 

controller coupled to the first buffer. 

4 
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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 

5 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 

10 a buffer coupled to the first and second memory devices and arranged to 

capacitively isolate the first and second memory devices from a bus. 

15 

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 

20 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 

25 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. 

30 17. A memory system comprising: 

a bus; 

a stack of memory devices; and 

5 
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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 

10 a second buffer coupled between the second stack of memory devices and the first 

buffer. 

15 

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 

20 the memory module. 

25 

30 

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. 

6 
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Storage device, internal control method for storage device, system, and control method for storage means in 
system 

Abstr3et 

PROBLEM TO BE SOLVED: To provide a storage device to which efficient access can he 

pei formed %M;d in which current consumption can be reduced without changing a package, an 

internal control method fora storage device, a system, and a control method fora storage 

means Ina system. SOLUTION: A memory device changes a shape cif a logic address map of 

a DRAM core in accordance with a page length specifying signal outputted from a mode 

register. And when page length is set shorter than hill page by the page length specifying 

signal, a row address Row increr-ised by the above is taken in simultaneously with a column 

address Doi at tine time ci the first red-con-imand RD1. At the time, the address Row being 

increased is taken in frc,,m an external address, tea ininal being not u-sed at the time. 
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IClaims] 1. An address terminal for siinuitaneousiy taking in an. M-bit first address and an. N-bit second address, or 

Alternatively, a memory device having ar address terminal having a larger number of M-bit first address and N-bit second address, and accessing a memory cell array in 
which memory cells are arrayed at the first address and the second address In the first address or the second address, based on access form information for changing 

the logical :address map shape of the memory cell array, part of the external address input from the addrocs terminal is used. 

A storage device comprising address control means for substitutine an address. 2.. An addre,,s terminal for simuilaneously receivine an M-bit first address and an N-bn 
second address. or 

Alternatively, a memoiy device having an address terminal having a large: number of M-bit first address and N-bit second address, and accessing a memory cell a ray in 

which memory cells are arrayed at the first address and the second address The memory device according to claim 1, further comprising address invalidation means for 
invalidating an external address input from the address terminal or a part thereof based on access form information for changing a logical address map shape of the 

memory cell array. . 3. An address terminal for simultaneously receiving an M-bit first addrocs and ar: N-hit second address, Or 

Alternatively, a memory device having an address terminal having a larger number of M-bit first address and N-hit second address, and accessing a memory cell array in 

which memory cells are arrayed at the first address and the second address In the internai control method, wherein a part of the external address input from the address 

terminal is converted into a first address or a second address based on access form Information for changing a logical addles map shape of the fn,_'Plory cell array. 
An infemal contiol method in a sWiage device characterized by replacing with an address. 4. AS; address terminal fo: 3iMultaneously taking in an €M-bit first address and 

N-bit second address, or 
Alternatively, e memory device having an address terminal having a larger number of M-bit first address and N-bit second address, and accessing a memory cell array in 

which memory cells are arrayed at the first address and the second address The internal control method according to claim 1, wherein an external address or a part 

thereof inputted from the address terrninel is invalidated based on access form information for changing a logical address map shape of the memory cell array. Internel 
controi method. 5 An address terminal for simuiterseously taking in an. M-bit first address anal ail N-bik second address, or 

alternatively, a storage means is provided which has an address terminal having a larger number of a M-bit first address and an. N-hit second address, and which 
accesses a memory ceii array in which memory cells are arrayed at the first address and the second address. And a system including control means for accessing and 

iiirti:10Mhe access means, the control means supplies the access form information at any time to the storage means, and the storage means has  based on the 

access form information. The system, wherein the increased address of bits, which increases according to the shape of the logical address map of the memory cell 
gt-grAi itygoArAprkjItii eJiiimfliliArcipoipfter the generation of the first address. 6. The system according to claim 5, wherein the control means performs the access form 

information by tieing one of an address, a clecoder, and code information based on a control signal. 7. An address terminal for simultaneously receiving an M-bit :first 
P.A., and an N-bit second address, 

g.iiiERMA '...}P'."Ni 'M'i-9‘11+MiTi'llijttN114'PrIScit?6iiiiiit pagpl,iVerikigR rgaigsTelbs%Rsfcae'&111.VairesaVcSlne4?lialeccen9PoNttifidagd which
accesses a ,rnerociry array in which irarnory ar. •ari-3vE.,d at the firer address and the second address'. And 3 control method of a storage unit in a system including system, anc SlOHICJO C0311'0, system_ 
a control unit for accessing arid controlling the storage unit, wherein the control unit is a iogical address cif a memory cell array included in the storage unit according to 

itiomak:gritpn -rftaiAMcli FS A tiv.:RAM italetlyet6airtffieglerel a3iTtala:OnpeperiRiefrmney riitele;eibiliiriemnisviaei that increases 

aggoolli',i1E4Or5d.:0i&F4:Mt*rM (rW6hVine),o4rniMi*II:lerotWtfttraitkrie1(04rfter&IOrgrertillfg grg1465Mlfir,tbrKfiWtladCir411S.current conSUmption tends to 
increase due to the expansion of the 0 bus width (increasing the width of the r,urnber of bits handling data in one access). With this, 

The current consumption of the entire system equipment equipped with the memory device is also increasing, and customers are demanding to reduce the 

power COff-AtInciii011 of the memory device. 

Fur tile:, the increase in the above-mentioned current consumption may cause a rise ::: the chip terriperataie of the memory device. Geneially, 

RAM cell data retention characteristics (s Refresh characteristics: TREF) 
Is deteriorated at high temperature (holding time is shortened), and for this reason also, reduction of current consumption is required. 

Therefore, semiconductor memories ace required to have improved performance such as increased storage capacity: increased access speed, avid expanded 
0 bus width, as well as :educed power consumption. 

10005] 

2.. Description of the Related Art A memory device has a memory cell array in which a plurality Cr memory cons are a:ranged in yr, array and a sense arriplffier. 
Each memory cell is connected to a word line and a bit line, and the sense amplifier is connected to the bit :ins. The sense amplifier is paired with the Lit line 

end amplifies and holds information (read date.) of one cell. 

The memory cell array is array-developed in the X-expansion direction in which the word line is expanded by the row address and in the ̀ I-expansion direction in 
which the bit line and the sense amplifier are expanded by the column address. If the memory capacity Sii  Mbit, the logical address of the memory device is 10 

bits (2 

lu = 1 024 ward WL) X address (Row 

Address) can be configured from a Y address (Column Address) of 10 bits (2 i s = 102.4 M BL (1024 sense anaplifiers)) (Note: hit line definition = pair of 
complementary bit lines) ). At this time, if the wiring pitches of the word lines and the hit lines 3re the same, the logical memory array is imaged as a square. 

The internal operation of the memory device is an SCRAM (Synchs) which is synchionous with the system clock CLK. 

Onous DRAM) will be described as an example. SDRAM is 
At-sive I synchronous with the system dock CLK to activate deactivate the memory device as a control command. 

It operates by a precharge comrriarid (falling and rising of a chip enable signal I CE ("r. indicates a bar) in an asynchronous memory device) and a read! write 
command for inputting outputting data to I from the memory device. 

When an active command is externa.11y applied at the rising edge of the system dock CLK, the X address is fetched and decoded by the X decoder to select one 
word line and acsivate it. Each memory cell connected to the selected word line outputs d3t3 to each bit line, and each sense e.rnplifier amplifies and holds the 
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data (latches the data). 

After that, when a read command is externally applied at. the rising edge of the system dock CI.K (with a delay of several CI.Ks from the active command), the Y 

address is fetched :and decoded by the Y decoder to be held in one sense amplifier. Output data tc the outside of the memory device. 

Further, when a write command is externally applied, the Y address is fetched and decoded by the Y decoder to write the write data (input when the write 

command is applied) to the memory cell via one .sense arriplifier. After that, if necessary, Featil write comrnands are is-sued at any thee, and the desired Y 

The memory cell is accessed according to the address and the outside. 

After the read r write command is completed, 

At the rising edge cf the system clock Cl.K. (with a few CLK delay from the read I write command), a precharge command is applied to reset (equalize) the 

activated word line, sense an-iplif:er anal hit line, and the memory array becomes Return :o the initial state (preparing for the next active command). 

It takes an internal time until the reset operation, and it is necessary to wan (wait) for several CLKs in order to apply the next active command from the 

precharge command. Similarly, it is necessary to delay (wait) several CLK from the active command to the read / write commend. 

Although the number of input r output bits of the memory array is 1 for simplicity of explanation, the number of input / output hits is n (nl / 0) (ex.4i / 0). ) 

In this case, ri sense amplifiers are simultaneously selected by the Y address. Each sense amplifier is connected to n I 0 ports via n I / 0 buses. 

The depth of me Y address is called the page length. In response to one active command, the memory device operates at least i / 0 bus width x page length 

sense amplifiers. For example, in the case cf art SDRAM in which the Y address is set tc B bits (YA 7>), the page length is 256. This SDRAM is a 32-hit I 0 

With the 0 bus width, at least 8,192 (= 256 x 32.) sense amplifiers operate in response to the active com - 

The SDRAM latches information of a plurality of memory cells connected to a word line selected by an active command iti a plurality of sense amplifiers by a 

read command input at any time. Therefore, by activating one word line, the information of the memory cells for the page length can be appropriately reed cut. 

rviore specifically, for each read / write command that is input at any time, the Y decoder is used to select a sense amplifier at any time accoroing to the Y 

address that is input at the same time as the command, so that information is read from the memory cell at an arbitrary Y addr  s That is, the X address can 

be randomly accessed while the X address is fixed. Such an operation is called a Y address priority operation. Information can be similarly written to the 

memory eel! of an arbitrary Y address in response to a write command. 

n this Y address priority operation, in addition to the advantage of random access, it is possible to efficiently use a plurality of data latched in each sense 

amplifier of the sense amplifier group which operates by one active command. . in other words, one word line charge discharge current and one (plural) sense 

amplifier (plural) bit. line chard: r discharge currents enable random access to the memory cells included in page 256. 

Therefore, the current consumption required for one access is a value obtained by dividing the current consumption due to the charge discharee of the word 

lire and the charge / discharge of tile bit fine by the number of accesses to the page activated at the same time. Therefore, as the number of accesses in a 

page. activated at the same time increases, the current consumption of the SCRAM per access decreases. 

Farther, in the Y address priority operation, the number of clocks required from application of the active command to the read r write command and the number 

of clocks required from application of the precharge command to the next active command are The share of the Therefore, the ratio of data occupying the input 

I output bus (data occupancy) is high, and the efficiency of the / C bus in the system is good. For these. the higher the system clock frequency. (higher 

frequency), the greater the latency that must be taken. 

n M, the data occupation rate of the input output bus can be increased. 

IOW 81 

By the way, the SDRAM 

Depending on the customer's system that uses, the bit length to be accessed is small (for example, continuous 4 bits or S bits). SDRAM by such a system 

Access from a single active command to the precharge command, the number of reads / reads that is less than the page lengt€

The write operation cannot be performed and Xis generated by the next active command. 

The address is changed. For convenience, such an operation is performed as X. 

This is called address priority operation. In this operation, the sense amplifier activated by one active con-it-nand is not used efficiently. 

For example, the Y address is changed (the X address s constant) and four memory cells are accessed. ire. this case, the charge / discharge current of one word 

line selected by the X address and the number of activated sense amplifiers (8192). 

Current) (including the charge; discharge current of the bit line by the sense amplifier). The current consumption at this time is P (y). Therefore, the 

consumption current for accessing one memory coil is P (y) / 4. 

On the the; hand, when the X address is changed (the Y address is arbitrary) to ac..,..ess fool memory cells, an active command and a precharge command are 

required every time the X address is changed. Therefore, in the case of this access method, four times (4 

x P (y)), and the current consumption for accessing one memory cell is P (y). 

Therefore, in the case of a system or application which frequently uses the X address priority operation, a memory device having a shallow Y address (a smali 

number oi pages) and a deep X address is effective. 

Flowever, the X address priority operation and the Y address priority operation may be mixed depending on the access method of the system using the memory 

device and the step of the application. in such a case, if a naen-iory device having a shallow Y address is used, the access speed may be extremely slow 
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depending on the access order, which hinders the speed impiovernent. On the other hand, using a frq:'FliDry device with a shallow X address hinders FedlintiOn of 

current consumption. 

Further, such memory devices having different depths of the X address arid the Y address have different pin arrangements, and package sizes from the standard 

products, so that the memory devices cannot be simply replaced. For this reason, it has been necessary to re-creates board or the like on which the memory 

device is mounted, which causes an increase in cost and a longer developinent period. 

Further, when a large current consumption operation such as 3n X address priority operation is repeated, the chip temperature (Eunction temperature) of the 

memory device may he increased. In this case, the data retention characteristic deteriorates due to the temperature rise, and the refresh operation, which is a 
data retention operation, must be frequently performed. Then, the chip temperature is the sum of the temperature rise due tc the access to the memory device 

and the self-heating; due to the refresh operation of the memory device, which ieads to the deterioration of the data retention characteristic and the hirther 

increase of the current consumption due to the fiequent refresh operation. Further, when the data holding operation is performed asynchronously regardless of 
the control of the customer system side (self-refresh operation), the busy _state in which the refresh operation does not respond to the access from the outside 

increases, and the system performance increases. Decrease (the data occupancy of the I / Ci bus decreases). 

The present invention has been made to solve the above problems, attel an object of the present invention is to provide a storage device and a storage device 
which can achieve efficient access and reduction of current consumption without ohane int-, the package. Internal control method, system, 

Another object of the pre-sent invention is to provide a method of controlling storage means in the system. 

(0026] 

According to the invention described in claims 1 and 3, an M-bit first address and an N-bit second address are provided. 

A memory device that accesses a memory cell array in Which M,2FliDry cells are arranged in an array by an address has a fast address  second address. 
Either an address terminal for taking in an address at the same time is provided, or an address terminal having a larger F;UFnb,2i of the first address and the 

second address is provided. Then, the storage device replaces a part of the external address with the first address or the second address based on the access 
form information that changes the shape of the logical address map of the memory cell array. 

A000rdine to the second and fourth aspects of the invention, the storage device invalidates the external address or a pad thereof based on the access form 

information for changing the logical address map shape of the rriernoiy cell array. 

According m the fifth 3nd seventh aspects of the present invention, either an address terminal for simultaneously taking in the M-hit first address and the N-hit 

second address is provided, or the M-hit first address and the N-bit first address  A memory means for accessing a memory cell array in which memory CeliF, 

are arrayed at the first address and the second address, and a control means for accessing and controlling the memory hx?ii array are provided. In the above 

system, the control means supplies the access form information to the storage means at any time. 

Then, the storage means generates an i-bit increased address that increases at,,,..rding to the logical address map shape of .the memory cfdi array changed 
based on the access four, information in a time division after generating the first address. 

According to the invention of claim 6, ciaim 6 
In :addition tc the operation of the invention described in (1), the control means performs the access form information by any one of the address, the decoder 

and the code in fonnation by the control Signal. 

i0080] 

BEST MODE FOR CARRYING OUT THE iNVENTiON (First Embodiment.) A fipif erri:-3,-)dirnent. of the present invention will be described below. 

FIG. 1 shows a memory device (SDPAM) 1. 
It is a block diagram for explaining the outline of O. The memory device 10 is connected to a CPU (not shown), and the CPU 

Gives the access form informancin to the memory device 10 once or before access is started. The memory device 10 

It has a function of changing the logical address map shape according to the access form information_ More specifically, the memory device 10 
Changes the logical ,Adress map shape in response to access form information applied from the outside (CPU)- Therefore, 

The CPU functions as a memory controller that controls the logical address map shape of the memory device 10. 

The logical address map -shape is determined by the depth of the X address and the address. The capacity of the memory cell array is con-stunt. Therefore, 

the memory device 10 

The depth of the X address and the depth of the Y :address are changed complementarily. 

The memory device 1 r) inpuls an address signal of the number of bits required for desionating the maxirrium value of the X address attd the maximum' slue of 

the Y address from the external address terminal by using a plurality of logical address map shapes. And 

The memory device 10 has the same outer shape as a standardized memory device having substantially the same memory capacity. 

For example, a memory device having a capacity of 64 M hits (32 I 0, 4-bank structure) generally (standard) has a5 MB memory cells for each i / 0 in each 

bank. Each bank is selected by a 7-bit bank. address. The memory cells in each bank are plural (2.048 lines) selected ?-3y an 11 Tit ;I'm address (X address) and 
plural (256 lines) selected by an B-bit column address (Y address). 

Are arrayed by bit lines. And SD 

A memory device such as a RAM is configured to take in an X address and 3'I address by an address multiplexing method. Therefore, 3 typical memory device 
is 
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It has 3 address pins from which a 13-bit X 

An address (of which, a 2-bit bank address) and a address are fetched in a time division mariner. 

Next, the :fictional configuration of the memory device 10 will be described_ The memory device 10 includes the clock buffer 1 

1. a command decoder 12., an address buffer 13, an input / output buffer 14, a controi signal latch 15, a mode register '16, an address generation circuit 17, a 

write / read (i / 0) control circuit 13, and a DRAM core 19_ 

The clock buffer 11 if-, pats the dock enable signal OKE and the external dock signal CLK from an external device and outputs the internal dock signal CLK1 

generated based on them to each 

The command decoder 12 responds to the internal clock signal CLK1 iron.: the clock buffer 11, that is, .the clock signal CLK, in response to an external 

command C from an external device. 

Enter the OM. in the present embodiment, the external command COM is composed of a chip select signal CS, a column address strobe signal / CAS, a write 

enable signal / WE and a row address strobe signal I RAS. Then, the command decoder 12 responds to the internal clock signal UK': at that time by the 

external command COM, 

That is, various commands such as a write command, a read command. and a refresh command are decoded from the state (H level or L level) of each signal I 

CAS, / WE, CS, / PAS Then, the command decoder 12 uses the various commands decoded rom the external comrnand COM as an internal command and an 

enable signal and the like, the address buffer 13, the input !output buffer 14. the control signal latch 15, 

It outputs to the mode register 16 and the I / 0 COP EFOI circuit 18. 

The address buffer 13 has a buffer function and a latch fAnction, and based on an internal command from the cornrnand decoder 12, an addr s signal AO-A 

from an external device is sera. 

10 and bank address signals BAD and BA1 are input 

The address buffer 13 receives the input address signals AO to AO. 

Al 0 and bank address signals BAD arid BA1 are amplified, address data based or: them are :itched, and are output to the control signal latch 15, the mode 

register 16 and the address generation circuit 17. 

The input / output buffer 14 is activated based c the enable signal from the commarid decoder 12, and receives write data 000 to DQ3'1 and a mask control 

signal DQM from an extern& device. The input/ output buffer '14 is responsive to the internal dock signal CLK1 to write data DQ0 to DQ. 

31 is output to the I 0 control circuit 18. Further, the input I output buffer 14 responds to the internal clock signal CLK1 with the I 

Read data DQ0 to DQ31 from the! 0 control circuit 18 

To an external device. Further, the input r output buffer 14 is 

Write data DQ0 to DQ0 in response to the mask control signal DQM 

Mask DQ31. 

The control signal latch 15 inputs the irit,?Fnal command from the corrimarld decoder 12 and the address data from the address buffer '13. Then, the control 

signal latch 15 outputs control signals for various processing operations such as write data write, read data Fead, refresh, and self refresh to the DRAM core 'I 9 

based on these internal commands and address data. To do. 

The mode register 16 inputs the internal command (mode register set command) from the command decoder 17 and the address data from the address buffer 

13. Then. the mode renister 16 determines the DRAM core 1 based on these internal commands and address data. 

9 holds the mode of various processing operations to be carried out for 9_ Then, the mode register 16 outputs a COntid ;Signal based on the held mode 

information. 

The mode information held by the mode register 16 includes access form information. The access form information is information indicating the logical 

address map shape of the DRAM core 19. The mode register 16 outputs an address confieuration selection signal generated based or: the access form 

information to the address generation circuit 17. 

The address generating circuit 17 inputs address data based cn the address signals AO to Al D from the address buffer 13. Then, the address generation circuit 

17 

Based on the mode of the mode register 16 and the address conficuration selection signal, the row address data and the column address data generated 

corresponding to the logical address map shape of the DRAM core 19 at that time are output to the DRAM core 19. The address generation circuit 17 has a 

function of automatically generating a column address incremented from sn input address based on the burst length set in :.he mode register 16. 

Thell 0 control circuit 18 controls input or output based or the internal command from the command decoder 12. The 1! 0 control circuit 18 outputs the write 

data (32 bits) from the input/ output buffer 14 to the DRAM core 19 and the read data (32 bits) from the DRAM core 19 to the input; output buffer 14. 

The DRAM core 19 is composed of a plurality of ;four in this embodiment) banks. and each bank has a control sign& from the control sienal latch 15 and row 

address data and column address data hom the address generation circuit 17_ Respectively. That is, the URA in the address buffer' 13 

Bank address signal BA corresponding to the number of banks of the M core 

BA1 are input, and the control signal latch 15 and the address generation CIFOUlt 17 are provided for each bank. 

The DRAM core 19 executes various processing operations such as write data write, read data read, refresh, and self-refresh on the built-in memory cell array 

based on the control signal and the address data. Therefore, the DRAM core 19 writes the write data 000 to DQ3'1 input iron-: the input output buffer 14 into 

.the memory cell at the predetermined address based on the control signal and the address data. 
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FIG. 2 is a schematic block diagi am of the. DRAM core 19. For simplification of description, one hark that constitutes the DRAM corel9 will be described here. 

DRA 

Eactl bank of the M core 19 includes 3 memory cell army 21, 

The memory cell array 21 is configured by arranging a picraiity of memory cells in an array. Each memory cell has a word line W 

It is connected L and a bit. line (not shown), end the bit line is connected to the :tense amplifier S / A. A column selection line Ct. is connected to the sense 

amplifier SI A. That is. in the memory celi array 21, the X expansion direction in which the word :ins WI is expanded by the X address (row address) and the 

solurnn selection line CL and the sense amplifiei S I A (S / A column) by the Y address (CCAUffin address). The array is expanded in the Y expansion direction. 

The memory cal: array 21 has a plurality of row blocks divided in the X development direction and a plurality of column blocks divided in the 'I development 

direction. 

k). Here. the row block is a sense amplifier S I A (S) in the X expansion direction of the memory cell array 2.1. 

/ A column). Further, the column bock is a region divided in units of sub word lines SWI.. connected to the word limes ill the V expansion direction of the 

memory cell ariay 21. 

The memory cell army 2.1 has 3 function o₹ changing the logical address map shape accordinc to the access form information held by the mode register 15. 

and this logical address map shape is an address configuration selection signal output from Ina mode register 16. (In this e odiment, the page 

It is changed by the long designation signer). 

More specifically, the memory cell %Mi ay 2'1 changes the X address and they address according to the page length designation signal to change the logical 

address map shape. When the page length (the depth of the Y address) is changed by the page length designation signal, the sense amplifier S activated in 

response to the change. 

The number of 1 A is changed. That is. the number of data that can be continuously accessed is changed. 

The DRAM core 19 thus constructed 

Are address signals AO to A.10 and bank address signals E3 input from a pfedatei number of external address terrninais. 

Various processing operations such as data writing and reading are executed with respect to the memory cells at predetermined X and Y. addresses based on 

AO to BA1. 

It should be noted that .the number ol external address terminals is set to the larger one of the number of terminals required for fetching the X address and the 

number of terminals required for fetching they address. Specifically, in the memory device 10 in which the X address is set to M bits and the Y address is -set to 

N bits, foi example, when Mt- N, the number of external address terminals is set to M. That is, the memory device (SDRAM) 10 of the present embodiment is 

provided with 13 external address terminals for taking in a maximum of 13-bit X address (including raw address and bank address). 

FIG 3 is a block diagram iiiiistrating a method of controlling the memory devicel In the following description, he number of external address terminals is M. 

and the X address when the page length is set to the maximum value (hereinafter, full page) by the page length designation signal is M bits (XA <0. nse (m M 

1)) gild the Y address is N bits (YA <0: (n z, N-1)) (where M> N). Although the address buffer 13 (see FIG. 1) is functionally divided into the first to third 

address buffers 13a to 13c in FIG. 1 for convenience of description, the address buffer 13 may be configured without division. 

Now, it is assumed that 3 page length shorter than the hill page is set based on the page length designation signal from the mode register 16 and the X address 

increased by the page length designation signal is i bits. At this time, the Y address is reduced by i bits. This is because the substantial capacity (2 M 4" N )xlIO 

count of the FM'nlory call array 21 does not change. Then, the increased i-bit X address is fetched from i of the (M-N i) external address tern-iine.ls which are 

not needed at the time of fetching the Y address. 

More speeifically, the tirst address buffer 138 

Is an internal command from the command decoder 12 (in the figure, 

Address signal A based on the row address capture -signal) 

Enter 0-Aril. The first address buffer 13a is 

'file input address signals AO-Arn are amplified, and X address data based on Mena are latched arid output to the address generation circuit 17. 

The second address buffer 13b has an internal command (Column Addre ln the figure) from the command decoder 12. 

address signals AO-A (n 

-Enter i). The second address buffer 12;b ei-npiifies the input address signals AO to A (n-i), latches Y address data based on them, and outputs them to the 

address genere.tion circuit 17. 

The third address buffer 13c has an internal command (Column Addre in the figure) from the command decoder 12. 

address signal A (n-i +) 

1) -An is input. Third address buffer 135 

Amplifies the input address signals A (n-i i 1) to An, latches X address data of Y address data based on them, and outputs them to the address generation 

Cif 17_ 

The address generation circuit 17 includes first to third decoders (selection circuits in the figure) 17a to 17c, a clamp circuit 1 7d, and a switch circuit 17e. First 

to third 

The deooders 17a to 17o, based on the address data from the first to third address buffers13a to 13c, bank (BANK), row block (Row Block), word line ;AI 

L, column block (column block), column select line CL 

e.ppropris tely selected according tr.) the fLIIICii011 of each decoder. The clarrip circuit 17d invalidates any input address data gild changes the decoding 
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compression rate. For the sake of convenience of desdiption, in the present embodiment, the address generation Ciratit 17 is functionaliy divided into the fast 

to third decoders 17a to 17c, but may be configured not to be divided. 

The first decoder 17a will ne described in detail below_ 

Selects a bank, a row block, and a word line VA. based on the X address data output from the first address bolier 13a, and DR the X addffiss correspond ino to 

them. 

Output to the AM core 19_ 

The second decoder 17b selects the column selection line based on the'( address data output from the second :address hatter 13b, and outputs the 

corresponding Y address to the DRAM core 19. 

Here, when the page length designating signal designates a page length shorter than the full page, the page length designating signal switches the switch 

CIE:Ult 17e tc- a predetermined connection position, and the third address buffer 13c becomes the third page. it is connected to the decoder 17c. 

Asa resii , the third decoder 17c operates as the third decoder 17c. 

Based on the X address data output from the address buffer 13o, the column block (specifioaiiy, the word iine W 

L) is selected and the corresponding X address is output t0 the DRAM f:.ofe 19_ That is, the i-bit X address increased by the page length designation -signal is 

taken in horn i of the (M-N i i) external address terminals which are not needed at the time of taking in the Y addies-s. At this time, the switch circuit 17e 

connects the second decoder 17b to the damp circuit 17d. Asa result, the damp circuit 17d 

Invalidates unnecessary Y addresses when fetching Y addresses. 

When the full page is designated by the pane length designation signal, the third addr.is< buffer 13c is connected to the second decoder 'I 7h. Asa result, the 

second decoder 17b selects the column selection line CL based on the Y address data output from the third address buffer 13d and outputs the corresponding 

address to tine DRAM core 19. 

Output to. At this time, the damp circuit 17d 

It is connected to the third decoder )7c and invalidates an unnecessary X address when the Y address is fetched. 

For comparison, FiG. 33 shows a block diagram for explaining a conventional method of controlling a memory device. Conventionally. the address buffer 51 for 

fetching the X address 

And an address buffer 52 fOF fetching the Y address 

Are provided respectively. When using 3 short page length, the number (M or N) of external address terminals is increased according to the increased number 

of bits of the X address or V address at that time. 

FIG 7 shows the rriernory device  of this embodiment. 

5 is a waveform diagram showing the internal Operation of PG. Here, as an example, an operation waveform diagram of a 64 mbit (Megabit) DRAM (32110) 

is shown. 

Novv, in the in  state, the memory device 1 

0 is a 13-bit X address (row address RA <0:10 

>, Bank address BA <0: 1)), 8-bit Y address (column addr.i.s CA 7>). and the page length is set to 256 (Mil page). . 

The memory device 11) responds to the mode register set command MRS with address signals AO-A. 

10 is taker; in as the address code Code (CodeA <0:10>), and the bank address Bank (BA 40: 1>) is taken In. Then, the memory device 10 -determines the page 

length Pa based on Me address code C-ocie (CodeA <0:10>). 

various settings such as ge, cast latency IC-, and burst length t3L. 

Now, he cast latency tCL -a 3, the burst length EL = 2, and the page length Page a 32. 

At this time, the men eery device 10 uses the 16-bit X address (row address RA <0:13>, bank address BA <0: 1> 

1 bit V address (column address CA <0: 4> 

) Of the logical address map shape_ That is, the row address is increased by 3 bits as the page length is changed. 

The memory device 10 takes in the address signals AO to Al 0 as the row address Row (RA <0:10>) and takes in the hank address Bank (DA <0: 1:-) in response 

to the ac,-tive command ACT. Note that the fetching of the bank address is the same tiereaftei and is therefore omitted. 

The mode register set command MRS 

The page length (a 321 set at the time of input. may be set at the time of input of this active command ACT. 

this case, the number of row addresses to he fetched is reduced by the number of bits required to set the page length. For example, if 2 bits are required to 

set the page length, the memory device 10 

The address signals AO to A8 are set to the Fow Stitires Row (RA <0: 8> 

) And the address signals A9 and 410 as setting information. Alternatively, it may be fetched from another pin (DQ mask pin or the like) that is not used when 

the active command ACT is input. 

Then. the memo ry device 10 responds to the read command EDI input after a predetermined clock (for example, two clocks) after the inptri of Me active 

command ACT, and outputs the address signals AO to A5 to the column address Col (Col (C 

The address signals A6 to A3 are taken in as the row address Row (RA <1113>) as A -f0: 4>). 
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That is, the 3-bit row address Row which increases with the page length varie.ble is fetched from the external address teiminal which is not required when the 

column address Col (CA <0: ,P.) is fetched when the read command RD1 is inputted. Be done. 'Then, the memory device 10 selects the column bEcck and the 

word ;Ine WL based on the row address Row (RA <11:13>), and activates the selected word line WL and the sense amplifier S / A corresponding thereto. Let 

In response to the active command ACT, the address signals AO to Al 0 are transferred to the row address Row (RA 

13:-) and address signals A6 to A8 in response to the read command RD1 to the row address Row (RA 2> 

). Further, the address signals A6 to AB may be taken in at arbitrary bit positions of the iow address Row in response to the read command RD1. 

The memory device 10 sends the read command 

When D1 is issued, the set cast latency tC 

Based on L (= 3) and burst length BL (e 2), read data '1 and D12 are sequentially output 3 docks after the read conarnand RD1 input. 

After that, the memory device 10 sequentially responds to the read commands RD2 and RD3 and outputs the column address Col (CA <0: 4>) and the bank. 

address Bank (LA 40: 1. 

>). At this time, in the second and subsequent read commands RD2 and RD3, the increased row address Row is not captured, anci only the column address Col 

(CA <0: 4>) and the bank address Bank (BA .1): 1>) am oaptured. 

In this embodiment, the read command RD 

1 to RD3 have been described, the same applies to the case of a write command. That is, the active command AC 

The increased row address Row (RA 411:13>) is taken in by the first write command after' input. And 2 

In the write command after the first time, the column address 031 

Oniy (CA <0:1:=) and bank address Bank (BA <0: 1>) ate fetched. 

For comparison, waveform diagrams showing the inteinel operation of the conventional memory device are show; in FIGS. -34 and 35. Figure 3 

HG. 4 is an operation waveform diagram of the 64 Mbit (megabit) SDRAM when the page length Page is set to 256 (full page). As shown in the bgure, after the 

mode register set command MRS is input, the memory device 

Row address R in response to active command ACT 

ow (RA <0:10>) is taken in. Then. the menaory device sequentially responds to the read commands RD1 to RD3 and fetches the coiumn address Col (CA <II 7>). 

FIG. 35 is an operation waveform diagram of e. 64 kibit (Megabit) ti :RAM in which the page length Page is set tic 32. As shown in the figure, when a short page 

length (= 32) is used, the row address Row increases by 3 bits. That is, the memory device uses the active command A 

Address signals AO to Al 0 are fetched as row address Row (RA <0:10>) in response to CT, and address signal Al 

Row address Row (RA <11:13>) with 3 to Al 5 increased 

Take in as. Therefore, conventionally, a shot/ page length (e 

Iii the memory device set to 32), the number of external address terminals for taking in the increased 3-bit row address Row increases compared to the 

standard product. 

FIG. 8 is a bEcck diagram for explaining access control after issuing the active command ACT in FIG. In the figure, the same components as those in FIG. 3 are 

designated by the same reference numerals, and detailed description thereof will be partially omitted. 

The command decoder 12 (see FIG. 1) includes a command judging circuit (Command judging circuit ir: the drawing) 12% 

Hist page command detection circuit (Pa in the figure) for detecting the fiFS't aCtiVS tioF; signal output from the command determination circuit 12a. 

ge Command first detection circuit) (hereinafter, command detection circuit) 12b is included. in this embodiment, the activation signal is a signal that activates 

the word line WL and the sense amplifier S / A. 

The command deMmaination circuit 12a determines a read command gild a write command among various commands decoded in response to the internal 

clock signe.ICLK1 and outputs a read activation signal or a write activation signal according to the determination. 

Now, when the read command Kr! show-, it i G. 7 is input, the command detemaination circuit 12a outputs a read activation signal. The second address 

buffer 13b (Address Latch in the figure) includes an OR circuit. 31 and:3-1day circuit 2. 

The address signals AO to A4 are input based on the read activation signal (read command RD1) input via 2.. Then, the second address buffer 13b converts the 

coiumn address data based on the address signals AO to A4 into the second decoder 17b (Column Address Decoder in the figure). 

Output to. 

Third address buffer 13e (in the figure, Addr 

 Latch) receives the command detection circuit 12 by the first read activation signal (read command RD1) input to the command detection circuit, 125 via 

the OR circuit 31. 

Address signs! A5 based on the detection signs: output from b 

-Enter A7. Then, the third address buffer 13 

c is a third decode; 17c (in the figure, ridlii1111 Bieck) that outputs the row address data based on the address signals A5 to A7. 

Output to the selection Address Decoder). 

The second decoder 17b selects the column selection CL based on the colurnn address data output from the second address buffer 13b. Third decoder 

17c 

Am column blocks and word lines WL based or: the row address data output from the third address buffer 13c. 
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Select. Asa result, the word line VI/L and the sense amplifier S / A are activated. 

In this way, the command detection circuit 12.h 

Detects only the first read activation sign a! (read command RD1) output from the command determination circuit 12a, and based on the detection sicrial from 

the command detection circuit 12b, the expanded now address Row (RA <11 3>) is held in the third decoder 17c. 

Then, the second read activation signal (see iG. 

The read command R02) shown in FiG. 

detection signal is output from 2b. That is, in the read commands RD2 :and RD3 issued after the second time, the address signals A5 to A7 are not taken into 

the third address buffer 13c, 

'13 and 14 are circuit diagrams showing an example of the specific circuit configuration of FIG. 6 described above. Moreover, FIG. 

FIG. 5 is a waveform diagram showing an example of the internal operation of the circuits shown in FIGS. 13 and 14. 

For comparison, a Nock diagram for explain inc conventional access control is shown in FIG. Since this figure explains the principle cf conventional access 

control, the same reference numerals are given to the components having :.he same functions. As shown in FIG. 36. since the page length is 2.56 in the related 

art, 

The column address Col (CA .<0: 4).) and the colt:inn address Col (CA <5: 7>) are fetched each time a read or write activation signal (that is, a read or write 

command) is output. 

FIG. 9 is a block diagram for explaining a case where the access control described in PG. 8 is performed according to the page length. In this configuration, the 

connection position of each of the switch circuits 33a and 33h is switched based on the page iength designation aural, so that the address signals latched by 

the second and third address buffers 13b and 13c are appropriately changed according to the page length. be able to. A ,..c ,rdingly, the second and third 

decoders 

7b and 17c are DRAMs according to the page length. 

The row address and the column address generated corresponding is the logical address map shape of the core 19 are output tc, the DRAM core 19. 

FIG. 10 is a schematic block diagram illustrating activation control of word line WI. and sense amplifier SI A. 

As £shown in the figure, the word line activation circuit 41 and the.; sense amplifier activation circuit 42 respond to the output signal of either the csminand 

deterrnine.tion circuit 12a or the command detection circuit. "; 2b input according to the page length designation signal. Word line WL, 

Each sense amplifier S A is activated. 

More specifically, when the page length Page is set to the full page by the page length designation signal, each activation circuit 41, 42 responds tc the active 

aural (active command) from the command determination circuit 12a. W 

L and the sense amplifier S r A are activated respectively. This is because all the bits of the row address necessary for selecting the word line ;!`,.-(L. and the sense 

amplifier S I A are aligned when the active ctorninand is received. 

On the other hand, the page length P is given by the page length designation signal. 

When the page length is set to be shorter than the full page, each aietivation circuit, 41, 42 responds tc the detection signal from the detection circuit 12a, that is, 

the read or wale activation signal (reed or write coi-rimanci), to write the word. The lire Wt. and the sense amplifier S I A are activated respectively. This is 

because a row address accepted by the active command and a row address ac.....epted by the page command are required to select the ward line WI_ and the 

sense amplifier S I A to be activated. 

For comparison, FIG. 37 shoves a block diagram for explaining a conventional control method of the activation circuit. Since this figure illustrates trit-? principle 

of conventional activation control, the same reference numerals are given 10 components having the same function. As shown in FIG. 37, conventionally. each 

activation circuit 41. 42 is 

Activates the' ord line WL arid the sense amplifier S % A only by the active signal horn the corn:sand determination circuit 12a. 

As described above, according to this embodiment, the following effects can be obtained. (1) The memory device 10 responds to the page length designation 

signal output from the mode register 16 in accordance with the DRAM core 1 

9 changes the logical address map shape. When the page length is set shorter than that of the full page, the row address Row thus increased is fetched when 

the first read command RD1 is input. In this way, the increasing raw address Row is fetched in a time division manner by rasing the external address terminals 

which are not used at that time, 

The page length can be changed without changiiig :he F;UP1b,_', aid arrangement of external address terminals, and a general-purpose package can be used. 

Therefore, it is possible to prevent the development period from increasing and the cost from increasing. 

(2) Since the page length can be changed without changing the package. an efficient access method according to the system of the oustomer who uses the 

memory device can be realized. 

(3) Since the page length can be shortened without changing the package, the activation number of the sense amplifier S A can be reduced to the necessary 

minimum, and the current consumption can be reduced. Can be realized. 

(Second Embodiment) A second embodimient of the present invention will be described below. In the present embodiment, when the page length is siinilarly 

changed from 256 to 32 using the memory device 10 of the ilist embodiment, another' control method of the ;ow address fetching method that increases with 

the page length change. To explain. Therefore, the same name is assigned to the sarie. component, and the detailed description thereof is Martially omitted. 
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AG. 18 is a waveform diagram showing the internal operation of the second embodiment. In the present embodiment, as shown in FIG. 

The read command Rt7)1 is ir,put one clock after the active command ACE 'Fhat is, the first read command RD1 after the active command ACE is input. 
Is set to tRCI) = 1, and the read ccmrnand RD1 is input one clock earlier than in the first embodiment. (By the way, in the first embodiment, tROD = 2 (see AG. 

7).) Therefore, the row address Row (RA <11:13>) that increases with the page length change (change from 256 m 32) is executed in the first. embodiment. It is 

faked in by one clock earlier than the form, and thereby the word line WE.. and the sense amplifier SI A corresponding thereto are acth.....,N.Iairgost one clock 
earlier. 

By the way, generally, in order to compieteiy complete the activation operation of the word line WL, it is necessary to delay (wait) from the input of the active 
command ACT to the start_ of the access operation by the input of the read command RD1. Mks grace period varies depending on the frequency of the clock 

signal, but. normally 2 clocks are required at the general ciock frequency of the device currently used. Therefore, it is necessary to delay the start -liming of the 

access operation based on the read command RD1 by StAbstarrtialiy one clock from the time when the read command RD1 is input. 

On the other hand, the CAS latency tCL defines the period (clock number) from the input of the read command to the output of the read data. Therefore, as 

shown in FRI 18, the CAS latency teL corresponding to the first read command RD1 is a preset vaitre of t€? CAS latency tCL from teL = 3 (set value) to tCL = 4. 

Is changed to. Therefore, the memory device reads the read data Di 4 docks after the read command RD1 is issued. 
1, 012. are sequentially output. 

Thereafter, the memory device responds to the read commands RD2 and RD3 and outputs the column address Col (CA .0: 
4>) and the bank address Bank (BA -0: 1, ) are sequentially taken in, and the preset latency (tCL = 4CL = 

3: Read data is sequentially output according to the set value). 

At this time, similarly to the above, in the second and subsequent read commands RE:2 and RD3, the increased row address Row is not taken in and the column 
address Col (CA 4 

>) And bank address Bank (BA 0:1>) are taken in. In the present embodiment, the read coin:rinds P.D1 10 R 
Although D3 has been described, the same applies to the case of a write command. 

FIG. 19 is a block diagram for explaining the control method of the cast iatericy tOL. In this embodiment, the command decoder 12. (see FiG. 1) includes the 

command determination circuit 12a, a page command first detection circuit 12b, and a C.,:as Latency control circuit 12c. 

Similarly to the above, the command determination circuit 12a 

Determines whether it is a read command or a write command, and outputs a read activation signal or a write activation signal. The command detection circuit 
12b is the command determination circuit 12 

The first read activation signal or write activation signal output from a is detected, and the detection signal is output to Vie CAS latency control circuit 12c. 

The CAS latency control circuit 12o outputs an output control signal at a predetermined clock number in response to the internal clock signal CLK1 and issues 
an internal command (read commands RD1 to RD3 iF3 FIG. 18). The time from when the output data is determined to when the output data is determined, that 

is, the CAS latency tCL rs controlled. 

Then, the CAS latency control shoed 12c 

When the detection signal is output from the command detection circuit 12.b, charges the value of the CAS latency tCL. at :bat time in response to the detection 

stones. Ira addition, specifically, the CAS' latency control circuit 12c of the present einbodirnerit responds to the detection sacral from the command detection 
CiFCIlit 12b in response to the CAS latency E. 

The value of CL is increased by 1 from a predetermined value (setting value). 

That is, in FIG. 18, the cast latency ICI.. is set tc tOt. = 3 (set value) by the mode register set command MRS. Next, after issuing the active command ACT, the 

first read command R 

When D1 is input, the CAS ie.tericy control circuit 12c 
A detection signal output from the coin nand detection circuit 12b is inn; to the. in response tr.) this detection signal, pie CAS latency control circuit 12c 

causes the value of the CA3 latency tOL (t 
CL = 3: set vaunt) is changed to tCL = 4. That is, the CAS iatency control circuit 12c changes tCL - 4 only when the first read command RD1 is input, and sets 

teL = 3 for the second and subsequent read commands RD2 arid RD& 

As described above, this embodiment has .the following effects. (1) in the present embodiment, the first read command RD1 site; the active command ACT is 
input is input one clock earlier than that in the first embodiment, so that the row address Row that increases as the page length is changed is fist input. 1 rather 

than form 

It is captured earlier by the clock. Therefore, the word line Wt_ and the sense amplifier S / A can be 3Ctivated earlier by almost one clock. At that time, the CAS 
latency tel.. corresponding tc the read command RD1 is changer: to tel.= 4 by the CAS latency control circuit 12c, thereby activating the word line Wt. and the 

sense amplifier S A and then outputting the read data. The period is sufficiently secured 
This prevents the start timing of the access operation based on the read command RD1 from being delayed where the page length is variable.. 

(Third Embodiment) The third embodiment of the present invention be described below. in the present embodiment, when the page length is similarly 

changed from 256 to 32 using the memory device 10 cf the first embodiment, another control method of the row address fetching, method that increases with 
the page length change. To explain. Therefore, the same name is assigned to the same component, and the detailed description thereof is partially omitted. 

FIG. 20 is a block diagram for explaining the access control of the third embodiment. in the present embodiment, the command decoder 12 (see FIG. 1) 
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includes the command determination circuit 12a and a predetermined time detection circuit (hereinafter, time detection circuit) 12d. 

The detection circuit 12d has an internal clock signal C 

L.K1, the active signal and the read or write activation signal output from the command determination circuit 12a are input. 

That is, the command determination circuit 12a outputs an active signal when the internal command is the active command ACT. in response to the active 

signal, the time detecsion circuit 12d outputs an address fetch signal for fetching the increased row address after a predetermined time (hereinafter referred to 

as address latency tAL) has elapsed. 

in the present embodiment, the address latency kAL is set based on the internal clock signal CI.KI, and the time detection circuit 12d :ses the in ternai dock 

signal Ct.K. 

After counting e. predetermined number of clocks based on 1, an address fetch signal is output. At this time, the time detection CiFCilit 1 

2d outputs the address take-in signal until the command read circuit 12a outputs the first read activetion signal or write activation signal. 

Now, when the pace length is set to 32, the switch circuit 33 is switched to Me connection position shown in FIG. 20 by the page length designating 

Third addiw,,s buffer 1 

3c amplifies the lupin address signals AO-M based on the address take-in -signal from the time detection clicult12d, latches the row address data based on 

them, and outputs the row addieset data to the thiid decode( 17c. Then, the third decoder 17c 

Is 3 row address (RA <0: n>) for specifying the column block (word line WL) corresponding to the row address data. 

ra the CRAM core 19 (FIG. 1). 

Incidentally, as shown in FIG. 20, the row address (increased row address) fetched based on the detection sional from the time detection circuit 12d is changed 

to the second and third buffers13b, 13b based on the page length designation signal. It is taken in by any of 13c. Note that FIG. 22 is a circuit diagram showing 

an example of a specific circuit configuration of the time detection circuit 'I 2d of FIG. 

FIG. 21 is a waveform diagram showing the internal operation of this embodiment_ in the same figure, a case where the address latency 1.AL. of the time 

detection circuit 12d is set to, for example,IAL = 1 will be described. 

As shown in FIG. 21, the page length is variable (25 

Row address Row increased with the change from 6 to 32) 

(RA <0: 4>) is captured by the address capture signal from the time detection circuit 12d one clock after the active command ACT is input. As a result, the 

column block and the word line WI_ are selected, and the selected word line ;Att. 

And the corresponding sense amplifier S / A is activated. 

Thereafter, the memory device 10 sequentially Fe-spond-s tr.' the Fead commands RD'I to RD3 and outputs the column address C. 

of (CA <0: 4>) and bank address Bank (BA 1>) 

Of the preset cast latency (tOL 

= 3), the read data is sequentially output according to the burst length = 2). At this time, similarly to the above, in the read con-in-lands R to RD3, the 

increased row address Ro is increased. 

The w is not fetched. but only the column address Coi (CA <0. 4>) and the bank address Bank (BA <0. 1>) are fetched. In the present embodiment. read 

commands RD1 to RD 

3 has been described, the aarne applies to the case of a write command. 

As described above, this embodiment has the following effects. (1) The command decoder 12 includes the commend determination circuit. 12 

A time deter lion circuit 12d that outputs an address fetch signal after a predetermined time (address latency tAl.) has elapsed in response to the active signal 

from a is provider'. Asa result, the row address Row that has increased as the page length is changed is fetched ore clock after the active command ACT (SAL 

- 1 ). Therefore, similaily to the second embodiment, the word line WL and the sense amplifier S / A can be activated quickly. Further, in the present 

embodiment, the increased row address Ro 

Since w is fetched at 3 timing earlier then the input of the read command RD1, the fetch is not affected by the arrangement of external address terminels. 

(2) The timing of the active command ACT and the read command RD, and the address signal designated at the time of output thereof do rot depend on the 

page length (logical address map shape). That is the memory controller (CP 

LI) It only outputs the addieset signal corresponding to the row address extended bemeen the active command ACT and the read command RD. Therefore, the 

change is easy, and a new furictioh (function of changing the logical address rriap shape) can be used without trouble. 

(Fourth En-ibodirnent) A fourth embodiment of the present invention will he described below. In this embodiment, the address latency t of th,-? -lime detection 

circuit 12d in the third embodiment is used. 

The case where AL is set to, for example, tAl. e 0.5 will he described. 

FIG. 23 is a waveform diagram showing the internal operation of the fourth embodiment. In this embodiment, as shown in FIG. 

The row address Row that increases as the page length is changed (changed from 256 to 32) is taker in by an address take-in signed; from the time detection 

circuit 12d 0.5 clocks after the input of the active command. 

That is, the rriernoiy device 10 takes in the row address Row (RA <0:10>) at the rising edge of the clock ;signal CLK based on the input of the active command 

ACT, and dock signal CL after 0.5 clocks. 

The row address Row (RA <that increased at the falling edge of K 
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0: 4>). 

As described above, in this embodiment, by setting the address latency tAl. e 0.5, the increased row address Rcw is fetched by 0.5 clock earlier than in the third 
embodiment, whereby the word line is read. The WL :and the corresponding sense amplifier S A are activated for stout 0.5 clocks. 

Thereafter, the memory device 10 sequentially responds to the Feed cornmands RD1 to RD3 and outputs the column address C. 

of (CA <0: 4>) and hank address Bank (BA 
Of the preset cast latency (tOL 

= 3), the read data is sequentially output based on the burst length = 2). At this time, similar Iv to the above, in the read commands RD1 to RD3, the increased 
row address R 

ow is not taken in, column address Co! (CA <0.4>) 

And only the bank address Bank (BA <0: 1>) is fetched. In the present embodiment, read commands RD -I to 
3 has been described, the same applies to the case of a write command. 

As described above, according to this embodiment, the following effects can be obtained. (1) in this embodiment, the address latency tAL. is 

Since ;AL = 0.5 is set. the row address Row increased as the page length is changed is changed to the active coin-nand A 
Captured 0.5 docks after CT Therefore, the word fine WI. and the sense amplifier S / A can be activated by about 0.5 clock earlier than in the :.bird embodiment. 

This prevents the start timing of the access operation based on the read command Rai from being delayed when the page length is variable. 

The above embodiments may be impiemented in the foilowing modes. In each of the above embodiments, the number of bits of the memory cell, the address 

configuration, the switching type of addrnCc configuration, etc. are not limited to this example. 

In FIG. 3, the damp circuit 'I 7d is 
Although it is provided in the address generation circuit 17, ft may be provided separately. The configuration of FiG. 3 may be modified as shown in PG. That is, 

dedicated address buffers 13f and 13g for fetching the Y address and the X address based on the address signals A + 1) to An may bE provided, 
respectively. 

The configuration of FIG. 3 may be modified as shown in FIG. That is. each of the address buffers 13h to 13j 

Are configured to share an address buffer for fetching the X address or the Y address, respectively. Then, those output signals (X address( data or Y address 
data) may be appropriately selected by the XY switching signal. 

The configeration of PG. 3 may be modified as shown in PG. That is, as in FIG. 5, each address buffer 1 
3k,131, and 13n are configured to share an address buffer for fetching :3n X address or a Y :address, respectively, and :3n address (X 

Address buffer's for fetching only (address) 

You may make it provide m separately. 

The command determination circuit 12a and the command detection circuit 12b shown in FIG. 8 may be replaced with another configuration which does not 

depend on the clod,. signal CLK1 when the memory device is an asynchronous type. 

In PG. 10, the sense amplifier (S 

A) Only the activation circuit 42 may be controlled. The configlliation of FiG. 8 rriay be modified as shown in PG. 

rh3t is, the third address buffer 13c fetches the address signaiS A5 to A? every time for each read write activation Signal (that is, read / vvrite command) from 
the command determination CirCUit 12a. Then, based on the detection signal from the command detection circuit 12b, the third decoder 17c causes the third 

address buffer 1 to perform the read I write command after the second time. 
The row address data from 3c my not be rekatched, 16 and 17 are circuit diagrams showing an example of the specific circuit. configuration of FIG. 

Further, FiG. 12 shows a case where the address control performed by the configuration of PG. 11 is perfor tried a ,..c ,rding to the page length. Ira this 

cootie uration, the connection positions of the switch circuits 33e 3nd 33b 3re switched by the page length designation signal, ire that the row address and the 
column address generated: corresponding to the logical address map shape of the DP.AM core 19 at each time according to the page length. Is the second and 

third decoders 17h,1 
7c respectively outputs. 

In the first and second embodiments, the address increased as the page length is changed is changed to the active command ACT 

The Y address is fetched at the same time as the V address fetched by the first read / write command after input, but the, present invention is not limited to this 
example. That is, the increased 3ddreSs is read / read first 

After being fetched by the write command; the Y address may he fetched after a predetermined clock (for example, one dock) of the command. 

In the third and fourth embodiments', the time detection circuit 12d outputs the detection signal after a predetermined dock in response to the active signal, but 
when embodying it in an asynchronous memory device, internal clock signal CL 

The detection signal may bE output after a predetermined time (tAL) has elapsed regardless of K1. 

A double data rate (DOR) method is used as another means for realizing the method of fetching the row address Row increased at the address latency tAl. e 0.5 

as in the fourth embodiment. you may embody it. That is, the dock sionals CLK. / CL. 

Using two clock signals represented by K (I is a bar), a row address is fetched et the rising edge of the clock signe.l CLK, and a clock signal / C having a 180 ' 
phase difference immedialeiy after that is fetched. 

The row address increased 3t the rising edge of LK may he fetched. 
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In each of tile above embodiments, the page lefigth is specified when the mode Fegister set command MRS is input or inifien one type of active command ACT 

is input. However, two types of active commands ACT are used to specify the page length. The page iength may he designated based on the input of ACT. 

In each of the above-mentioned embodiments, the synchronous memory device is embodied, but an asynchronous memory may be configured so that the 

logical address map shape Inn be changed. Since the schematic configuration of the asynchrondiS memory is already known, the drawing and description 

thereof are omitted. 

This memory device determines the address signal ADD as the X address (row address) at The fall of the chip enable signal (/ CE) OF the row address strobe 

sional (I RAS). Next. the memory device determines the address signal as a Y address (column :address) by a read or write control signal, 

The cell specified by those addresses is accessed. 

The change of the logical addiesas map shape s peiforined by the following illegal entry method (a control method from the outside which is not normaily used 

in the access from the outside). In the illegal entry method, the address configuration select signal inside the memory device is generated earlier than the word 

line activation signal from the chip enable signal / CE, 3S it the case of using the mode register set command in the synchronous method (MRS method). To 

do. As a result, access delay can be prevented without delaying the switching operation of the address generation circuit or its output. 

The illegal entry method will be described in detail. FiG. 24 is a waveform diagram Elitist; ating a mode setting cycle for address configuration. The rriernoiy 

device has a dedicated terminal for mode setting for address configuration, and by fetching the necessary inforMatian from the dedicated terminal to the 

information for determining each type of address configuration, it is possible to prevent external access delay and prevent malfunction. The safe operation of 

normai operation can be guaranteed. 

That is, the memory device does not operate normaiiy when the chip enable signal / CE1 is at the H level. During this period, the address code Code based on 

the address Signal ADD is fetched in ie-spon-se .to the program mode signal/ PE (= address configuration setting terminal) input from the dedicated terminal. 

Specifically, the memory device activates the input of the address code at the falling edge of the piogram mode signal 1 PE, and latches the addiess code 

information at the rising edge of the signal PE. 

On the other hand, when the chip enable signal / CE1 is at the L level, the memory device enters the operation state corresponding to the external access and 

fetches the address sigma! ADD corresponding to the external access. 

In the figure, ti to t5 are externl specification timing conditions. At the timing shown in the figure, the input circuit of the external dedicated terminal is 

activated at the fail of the program mode signal / PE to start the decoding operation for the address signal. Then, the decoding result is determineh at the rising 

edge of the program mode signal 1 PE, and the input circuit. is deactivated. By this operation, power consumption can be reduced. 

In the mode setting cycle for the above address configuration, the logic of the program mode signal I PE may be inverted. The address code may be input from 

a data terminal (called a DO. or I/ 0 pin). 

Further, as will be described later, the mode may be determined after the program cycle by the code method is repeated several -times. AG. 25 is an explanatory 

diagram of commands. 

When using this command, a memory device of a specification system which recognizes a command vvith respect to arefeience dock (system clock CLK of 

chip enable signal CE1) and performs ail external access operation is targeted. 

Therefore, in the memory device of the specification system which does not operate by the commend with respect to the chip enable signal/ CE1. the addr 

is simply used as information for determining each kind of address configuration based on FIG it can he used as the number of times 

Commands (1) to (6), (8) to (1 

0) is a command used in corn ai operation, and commands (7) and (11) are commands that have no meaning in normal operation. The command (.) is a write 

(,SIR) operation but does not input data (masked) because the signals / LB and Ll8 are at the H levet Command 11) 

Is a read (RD) operation, but similarly the signal/ LB, 

N data is output because it is masked by / iB. 

Ss desciibed above, by fetching a command (illegal command) not used for normal operation as information for determining each type of address 

configuration, it is possible to set information without providing a dedicated terminal. 

FIG. 26 is a waveform diagram for explaining, the mode setting cycle for address configuration. By continuously innutting a plurality of commands (11) shown in 

FIG 25, information necessary for mode setting ibr address configuration is shown. Shows the case where is taken in as an address code 

the memory device takes in the address signal ADD as the address code Code in response to the command (11). This operation is repeated N times. N from 

the first time 

When all the f addrocs codes Code fetched corresponding to the command (11) up to the first match, the address code Code is validated and the mode setting 

for the address configuration is performed. 

The command (11) is N? When they match once, mode setting for address configuration may be perfoimed based on the addiess code Code fetched 

corresponding to the Nth command (11). Further, the fetching of the address code Code is performed in an arbitrary cycle (for example, 1 

It may be changed to the first time). Various other applications can be developed. 

As the address code for settino the mode, the number of address Bits may be detemained correspondino to the number of types of address configuration. In the 
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case of N mode setting cycles as shown in FIG_ 2.6, a counter circuit is used inside the device. When the upper bits of the counter circuit change for N number 

of mode setting cycle entries, the circuit configuration is such that the mode is determined. 

FIG. 27 is an operation waveform diagram of an entry control circuit which is a mode setting circuit tor program address configuration_ As shown in HG. 27A, 

the first entry circuit outputs the H-level first address enable signal proaddz in the third cycle, and outputs the first entry signal proeritz in the fourth cycle. Then, 

the first entry draiit uses the first address enable signal pros. 
Reset ddz and the first entry signal proentz at the same time. As a result, the memory device sends the previously determined address configuration 

information to the 4th by the first entry signal proentz. 
The information of the latest address configuration is changed according to the address code information fetched in the second cycle. 

As shown in FIG 27 (b), the first entry circuit causes the other commands (device activation active command and read / write command) during countine. 

When is accepted, the count is reset. Asa result, the first address enable signal proaddz and the enable signal proaddz are held at the L level. 

That is: in the mode setting for determining each type of address configuration, if the same command for that purpose does not continue for the specified 

number of times, it is canceied. (The memory device maintains the previously determined address confitiiiriiiion information) AG. 28 is an operation waveform 

diagram of the entry control circuit (second entry circuit) which is the mode setting circuit for he program address configuration corresponding to FIG is there. 

The second entry circuit outputs the H-levd address enable signal peaddz in response tc: the L-level program mode signal / PE, arid then responds to the H-level 

program mode signal / PE in the H-level enable signal. 
Output peaddz. As a result, the memory device transmits Me information of the previously determined address configuration to the second entry signai proe. 

It is changed to the latest address configuration information according to the address code information imported by ntz. 

FIG. 29 is an operation waveform diagram of the entry signal generating circuit. As shown in AG. 29A, the signal generation circuit responds to the first die y 
Signal proentz by generating the combined signal en. 

Output fz. Further, as shown in FIG. 29 (b), the signal generation circuit responds to the entry signal peentz by combining signal en 
Output tz. 

FIG. 30 is an operation waveform diagram of the rriode setting address buffer for address configuration. The address buffer activates the input circuit in 

response to the l -1-level address enable signal peaddz and outputs the address signal a:z 3>. The same operation is performed in response to the first 
address enable signal proaddz. 

FIG. 31 is an operation waveform diagram of the mode setting address latch for address configuration_ The address latch uses the address settinc 3z <0: 3:-
output in response to the H level address enable signal peaddz and latches the code Code latched in response to the combined signal entz. for setting the 

mode. Output as <0. 3>. 

The saute operation is performed in response to the first address enable signal proaddz. 

The tnode setting decoder for address configuration uses the mode setting address signal paz <for address configuration. 

0: 3> is decoded and an address configuration select signal for 5everai types of :address maps is output. 

FIG. 32 is an operation vvavethrm diagram of the mode setting decider. The decoder uses the mode setting address signal pa 

Decode z <0: 3:- to select one of the address configuration select signals for several types of address maps and bring it H 

When the depth of the X :address is smaller than the depth of the Y adorns. the address configuration sr:nine terminal can he shared by the address terminals 
which are not used when active. 

The command for setting the address configuration can be a precharee con-nyrend or another new coin:T .-3nd in addition iC1 the active coml.:and. 

The function of changing the address map is indeperidentiy realized for each bank. System performance is further improved by setting (changing) the logical 

address map for each bank. 

The position of the address bit to be clamped may he changed appropriately The position of the address bit to be invalidated may be changed appropriateiy. lii 
each of the above embodiments, the iogical address inep shape car: be changed from outside at any time. but e ROM such as bondine or Fuse is provided, and 

the logical address map shape is changed to a desired shape at the time of shipment or user use, 
You may make it maintain the shape. Also, a Rom that can be rewritten from the outside may be provided, and the logical address map shape rrisy be changed 

as necessary. ;n these cases, the logical address map shape is fixed for a Short period or a long period. 'Iherefore, the existing program and CPU can be used. 

Further, it is possible to save the trouble of chancing the logical address map shape for each row access cycle. 

The features of this embodiment are summarized as follows (Supplementary note 1) M-bit first address and N -bit second 

An address terminal for taking in an address at the same time is provided, or an address terminal having a larger iliiinber of MI-bit first address and N-bit second 

address is provided, and memory cells are arrayed at the first address and the second address. In a storage device accessing an arrayed memory cell array, a 
part of an external address input from the 3ddreSs terminal is set to a first address or a second addreSS based on access form information for changing a 

logical address map Shape of the memory cell array. .t.. storage device comprising address replacement means for replacement_ (Supplementary Note 2) M-bit 
first addrocs and N-hit second 

An address terminal for taking in an address at the same time is provided. or an address terminal having a larger number of M-bit first address and N-bit second 

address is provided, and memory cells are arrayed at the first address and the second address. In a storage device that accesses arranged memory cell arrays, 
an address invalidating unit that invalidates an external address or a part thereof input from the address terminal based on access form information that 

changes a logical address map shape of the memory cell array. A storage. device comprising: (Supplementary Note 3) A predetermined time detecting means is 
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provided for outputting a control signal for fetching ail i-bit increasing address that increases in accordance with the change of the logical address map shape, 

after a lapse, of a predetermined time after the first address fetch. 3. The storage device according to appendix 1 or 2, characserized in that. (Supplementary 
note 4) The storage device according to supplementary note 3, wherein the predetermined time detection unit outputs the control signal after a predetermined 

clock of a Clock signal in response tc an active command for fetching the first address. (Supplementary Note 5) .4 control signal for fetching 3n i-hit increasing 

address that increases according to the change of the logical address map shape is generated based one comrnand issued at the time of the (N-i) -hit second 
address fetch control. 3. The storage device according to appendix 1 or 2. further comprising a con-mar-Ind detection unit for outputtine. (Additionai remark 6) 

The command detection unit detects the first read rx write command after the active command for fetching the first address, and outputs the control signal 

based on the read or write command. 5. The storage device according to item 5. (Supplementary Note 7) The storage device according to Supplementary Note 
6, further comprising a cast latency control unit that delays the cast latency corresponding tc the first read or write command based on 3 control signal from 

the command detection circuit. (Suppiementary note 8) The storage device according to any one of supplementary notes :3 to 6, further comprising a word line 
activation unit that activates a word line based on a control signal for fetching the increased address of i bits. (Supplementary note 9) The supplementary note 

3 is chai-acterimd in that it further comprises a sense amplifier activating means for activating the sense amplifier based one control signal ter fetching the i-

bit increased address. 
7. The storage device according to any one of items 6 to 6. (Supplementary note 10) The -storage device  'ding to supplementary note 2, wherein the 

address invalidating unit includes a unit that clamps an arbitrary address in order to vary a compression rate of decoding. (Supplementary Note 11) A control 
signal to which the access form information is applied, or 3 combination of a plurality of control signals, is provided, which is provided with a unit for generating 

an address configuration selection signal according to the setting of the logioal address map shape, and the address contra)! unit or the Note 1 that the addrocs 

invalidating means executes the replacement or the invalidation based on the address configliration selection signal 
Aiternativeiy, the storage device according to item 2. (Supplementary Note 12) An external address is input, and based on the address configuration selection 

signal, an output signal thereof is converted into a first signal generation circuit for generating a selection signal in the first address direction and a selection 
signal in the second address direction. 12. The storage device according to appendix 11, further comprising an address generation ciicuit having a switching 

eacrat for switching to a second signal generation circuit for generation. (Supplementary note 13) The storage device according to Supplementary note 1 or 2, 

wherein the :address control unit or the address invalidation unit. includes a ROM such as a bonding or a Fuse that stores the access form information. 
(Supplementary Note 14) The storage device according to Supplementary Note .1 or 2, wherein the addrocs control unit or the address invalidation ii  nit indudes 

an externally revyritable ROM that stores the access form information. (Supplementary Note 15) is there an address terminal for simultaneously capturing en M-
bit first address and an N-bit second address? 

Alternatively, a memory device having an address terminal having a larger number of M-bit first address and N-bit second address, and accessing a P1,_'FlOry cell 

array in which memory cells are arrayed at the first address and the .second address in the internal control method, wherein a part of the external address input 
from the address terminal is replaced with a first address or a second address based on access form information for changing a logical address map shape of 

the memory cell array. internal control method for storage device. (Supplementary Note 16) is there an :address terminal for simultaneously taking in an M-bit. 
first address and an N-bit second address? 

Alternatively, a naernory device having an address terminal having a larger number oi M -hit first address and N-bit second address, and accessing a memory cell 

array in which memory cells are arrayed at the first address anti the second address The internal control method according tr.) claim 1, wherein the external 
address input from the address terminal or a part thereof is invalidated based on access form information for changing the logical address map shape of the 

memory Ceii array. internal control method. (Supplementary Note 17) The internal control method for a storage device according to Supplementary Note 15 or 
16, wherein the access mode information is set to be set during a standby period or at the same time as an active operation. (Supplementary note 18) The 

internal control method iii the storage device according to any one of supplementary notes 15 to 17, wherein the number oif activated sense amplifiers is 

controiied according to the shape of the logical address map (Supplementary Note19) Supplementary note 15 characterimd in that the compression rate of 
decoding is varied according to the shape of the logical address Imp. 

19. An internal control method in the storage device according to any one of 18 to 16. (Supplementary Note 20) An address configuration selection _signal 

according to the setting of the logical address map shape is generated by a control signal to which the access form information IS applied, or a combination of 
a plurality of control signals, and the address configuration selecsion signal is generated based on the address configuration selection s.ignal. 19. 'Fhe internal 

control method fora storage device according to any one of appendices 15 to 18, cnaracterized in that the replacement or the invalidation is executed. 
(Suppiementary note 21) The internal of the storage device according to supplementary note 2.0, wh,-?iein the first and second addresses are generated by a 

common address generating mesas. and an output destination of the common address generating means Es switched by the address configuration selection 

signal. Control method. (Additional remark 22) The first and second address generating means for generating the first and second addresses according to ail 

external address are provided, it rid the input destination of the external address is switched by the address CriFifigur tion selection signal. An internal control 

method in the storage device described. (Supplementary note 23) The internal of the storage device according to supplementary note 15 Cr 16, cnaracterized 
that an i-bit increasing address that increases according to a change in the shape of the logical addreSS map is fetched in time division after the first address is 

fetched. Control method. (Supplementary Note 24) The address lie:ency control is such that after the first address is fetched in synchronization with a clock 

signal, the i-bit increased address is fetched in synchronization with a predetermined clock of the clock signal. 2.4. An internal control method in the storage 
device according to attachment 23. (Strpplamentary Note 25) The address latency contral is based on the i 

25. The storage device according to claim .74, faither comprising: a step of previously capturing a predetermined Filimbei of clocks of the dock signal after 
capturing the first address so as to generate a control signal for capturing an increased address of bits. Internal control method. (Supplementary note 26) The 

internal control method in the storage device according to supplementary note 25, wherein the step is performed before or at the time of fetching the -first 

address_ (Supplementary Note 27) The supplementary note 25, wherein the stag is performed by a command and is set in a mode register. 
Or an internal control method the. storage device according tc item 26. (Suppiementary note 28) The above step is performed with a command including an 

address code before fetching the first address, 
Note 25 or 2.6, characterized in that. the first address is fetched by two types of active con-irriands 

An internal control method in the storage device described. (Supplemeritary Fiote 29) The supplementary note 15 or 16, whernin an i-bit increasing address that 

increases an accordance with the change of the logical address map shape is performed simultaneously with the fetch control of the (N-0 -bit second address. 
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Internal control method in storage device. (Supplementary note 30) Ari increased address of i bits that increases according to the change of the logical address 

map shape is output from an address terminal th5t i5 not used when the second address of (Ni) bits is taken out of the N address terminals. The internal 
control method in the storage device according to appendix 15 cr 16, wherein the internal control method is incorporated. (Supplementary note 31) The 

supplementary note 15 or 16 is characterized in that an i-bit incremented atitirocs that increases in accordance with the chance of the logical address map 

shape is performed at the next command after the active command for fetching the first address. internal control method in storage device. (Supplementary 
note 32.) The internal control method in the storage device according, to supplementary note 31, wherein the increased address of i bits is fetched at the same 

time as the read or write command after the active command. (Supplementary Note 33) A command detecting unit for detecting a first read or write command 
after the active command is provided, and delaying the CAS latency cop esponding to the first reed or write come and based on an output signal of the 

command detecting unit is provided. 33. An internal control method in a storage device according to Supplementary Note 32. (Supplementary Note 34) A 

predetermined time detecting means for outoititing a Signal for taking in the increased address of the i-hit after a lapse of a predetermined time after taking in 
the first atitirocs is provided, anti an output i gni of the command detecting means or the predetermined time detecting means i provided. 34_ An internal 

controi method in a memory device as set forth in appendix 22, wherein the word iine is activated based on the above. (Supplementary note 35) The internal 

control method in the storage device according to supplementary note 33 or 34, wherein the sense amplifier is activated based on e.n output signal of the 
corrimapd detecting unit or the predetermined time detecting unit. (Supplementary Note 36) is there an address terinine.i for simultaneously taking iii e.n M-bit 

first address and an N-bit second address? 
Alternatively, a storage means is provided which has an address terminal having a larger number of a Ml-bit first address and an N-bit second address, and 

which accesses a memory cell array in which memory cells are arrayed at the first address, and the second address. And a control means for accessing and 

controlling the access means, the control means supplies the access form information to the storage means from time to time, and the storage means 
changes based on the acres form in fonnation. The system, wherein the increased address of i bits, which increases according to the shape of the logical 

address map of the memory cell 57;ey, is generated in a time division after the generation of the .first address. (Supplementary note 37) The system according 
to supplernentary note 36, v.Therein the control means performs the access form information by using one of an address, a decoder, and code information 

based on a control signal. (Supplementary note 38) The system according to supplementary rote 35 or 37, wherein the control means supplies the access form 

in₹ormation 3t the same time as or before the start of access. (Supplementary note 39) i5 there an address terminal for 5IMUitaneously taking, in an M-bit first 
address and an N bit second address? 
Alternatively, a storage means is provided which has an address terminal having a larger number of a M-bit first address anti an N-bit second address, and 
which accesses a memory cell array in which memory cells are arrayed at the first address and the second address. And a contra! method of a storage means 
in a system including a CrifitFCil means for at......essing and controlling the storage means, wherein the control means comprises a logical address of a memory 
cell array included in the storage means in accordance with access form information at each time. A control method of a storage unit in a system, wherein a 
map shape is changed, 5r, den tbit increasing address that increases according to the logical address map _€hope is controlled to be generated in a tame 
division after generatinc the first address. 

10168] 

As described in detail above, according to the present invention, 
It is possible to provide a storage device, an internal control method of the storage device, a system, and a control method of a storage means in the system, 
which can efficiently access and reduce current consumption without changing the package. 

[Brief description of drawingsli 

FIG. 1 is a block diagram illustrating an outline of an SDRAM. 

FIG. 2 is a schematic configuration diagram of a DRAM core 

FIG. 3 is a block diagram illustrating a method of confrolang the memory device according to the first embodiment. 

Fla 4 is a block diagram iilustrating another control method. 

FIG. 5 is a block diagram iillialfating another control method. 

FIG. 6 is a block diagram illustrating another control method. 

FIG. 7 is a waveform diagram showing on internal operation of the memory device of the first embodiment. 

FIG. 8 is a block diagram illustrating access control. 

FIG. 9 is a block diagram iilustrating access control according to page length. 

FIG_ 10 is a block diagram illustrating a method of controlling the astivation circuit. 

11 is a block diagram showing another configuration of F . 8. HG. 

FIG. 12. is a block diagram Illustrating access control according to page length. 

FIG. 13 is a circuit diagram showing a specific configuration example of 

FIG- 14 is a circuit diagram showing a specific configuration example of 
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FIG. 15 is a waveform diagram showing the internal operation of FIGS. 13 and 14. 

16 is a circuit diagram showing a specific conficuration example of FIG. 

FIG '17 is a circuit diagram showing a specific configuration example of 

PG. 18 is a waveform diagram showing the internal operation of the second embodiment. 

FIG. 19 is a block diagram iilustrating a method of controlling the cast latency 

FIG. 20 is a block diagram illustrating access control according to the third embodiment. 

FIG 21 is a waveform chart showing the internal operation of t: c: third embodiment_ 

FIG 22 is a circuit diagram showing a specific configuration example of a predetermined time detection circuU. 

FIG. 23 is a waveform chart showing the ir,teEnal operation of the fourth embodiment. 

FIG. 24 is a waveform diagram iiillstrating a mode setting cycle 

FIG. 25 is an explanatory diagrarrs of commands. 

FIG. 26 is a waveform diagram illustrating a mode setting cycle. 

FIG 27 is an operation waveforrn diagram of the program mode selling circuit. 

FIG. 28 is ars operation waveform diagram of me program mode. setting circuit. 

FIG. 29 is an operation waveform diagram of the con-shined entry signal generation circuit. 

FIG. 30 is an operation waveform diagram of a. mode setting address buffer. 

FIG. 31 is an operation waveform diagram of 3 mode setting address liftch. 

FIG 32 is an operation waveform diagram of the mode setting decoder. 

FIG. 33 is a block diagram iilustrating a conventional method of controliing a memory device. 

FIG. 34 is a waveform diagram showing a converthonai irsternai operation 

FIG. 35 is a waveform chart showing an internal operation when the conventional page length is changed. 

FIG. 36 is a block diagram iilustrating conventional access control. 

FIG 37 is a block diagram iiisistrating a control method fora conventional activation CirClai. 

[Explanation of symbols.] 
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314_Inv_Chart3j(im.pdf 48100087803C86D5304C72B7BC67D9534ED75303CAF7C8F38 
E0278F15EAB844ADA1D8BFDA5331E2FB43D5D5425112C2D3 
FDD89B701F33D9DC3D5A8C31A4BBC30 

314inv_Chart4_Arnidi.pdf 5E804E95678000994C49FC04F49BADD5F7DA39D853CBAE58 
B65A87F317C2DF20DBT1492E9B9D042034A3DCC8E52C2927C 
6E24DC30C8EFD3FFC2A93F2A6842083 

314 .Iry Charts .Kleir . df 04CAC4BCBAD769E637DB65DA5F0156E609376A833A985C211 
781543ABF5C964•19183CFC99EFED9850FD61629FE160CDCEF 
249890278C2O16B029F3359A323DBE 

E086:.3399A2BDFEC00D1E 1 AAE34E1BC1EF578E8D8D027B28E 
df 898538C444FF912F0F3FA985B6348027B0ABB7E89DBE5F3010 

22BF3C7C830216F97B7DDCF4C8ED8C 

314....1rw....Chart7....Bhakta.pdf EDB01808189O78186363903DO10D8CAD1A884A05E1'1451754 
68C5A952DDCCA3538F377D281E7BEAAEAA3A9ECDF58F734C 
18E90646E4AC95F75DDal 6152EEFFFE 

7F6A606ABBC652BAE10046C10979851CBBEDE23609EE7B302 
D96938E8557C709FDED2372353C6208FA1FF.66C22BEB812.87 
14C9A4•11823F57CBBE41 FE9AC93EB7 

314invChart9 JESD79- 49EA4AC8FF230D4E2C606396584C6E647E74A14E757F00D88 
2A.pdf EDE850683C985965F47732DAFEFC632D3A9CFDD14:.3E7ED28 

41165DFA3C15B33825E1826A603C6485 

314_Obviousness_Invalidity_Ch C9FBC4D20D68F2C3B0950C8O6ODFBA2389684DBF60986A67 
art.pdf A3CEDE69B.37D39207CFB323DC3EB7F4B81385C47A54A10CD 

A816698759A79D86DDAB96784CAB5D*13 

314inv_Chart10_21-C_ptl .pdf 872.80134E83436610866886999860452.100861F7C658812.303 
27812DO6O41C7E26802C6A608CC4369373023D9C59116027E 
EF8DBABB8984E6E15F.82A7AF09207 
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314_Inv_Chart*10_21-C_p12.pdf E7C92800*143A038C12E25A430O518245366519EF48E3CC921824 
2D18963D01CBCDF2A68C88851C65A1783DE1CD1665A97740 
BFAA2A8B24790F4DCC7D2894C33O7*1 

Claim_Construction_Micron.pdf AD6C3F03A6O4890DA90O81821 FEBE02BAE1A52FDA-193E8CF 
5450DE9:.3F91FA063ED67F3ED1148571'7DF6A56:.37E4388A4O23 
A75C8C2A13B5D199CA88342DACFA*1 3B 

Claim_Construction_Nettist.pdf 8F.A4O59C983FEAC60511EA93E25472CD66AFF32C288C16578 
EBEEDO62F1D0515C310CB54C3E096E9BAED20FD303630865 
02.9O18964F8F670A236A953E 26821C3 

Micron IDExtrinisicEvidence. D926E2E4B3DD6E539f39473D5A58FO21E5092FC34C9957E3C 
pdf O5A7CB2E17121787758883FAA060F533B6771E2F276370F7BE 

1BE3D2445674C09A3ED21E91451E3E 

NetlistJDExicinisicEvidence. EF6265797ED4B7E8E60FFI72829387CC84A949FB4940794368 
pdf 84153OA39E98C28380EB2F6A56AAC6E91C724E655EE97O8FC 

48CCB0A70ED16ADEF4069E61C8AE7 

Stone...Deciaration.pdf 8EAE0D190E099C5CD8E8A59261B4B8O72E64950A988E162E5 
A877D7779B4C04736E6EEC520C2354005O90DFBF72AA38857 
06E855A246O1114BEAEED43DE49887 

Smith Deciaration.pdf 12FEEC555985A10419303BA02B6B9756808AF8531BDA23A1D 
E0578ACC31F2AE2D233043A1EOD6FCB215959878E64E59780 
50741FE639278614A2B71872CEE9C4 

Micron_Opening_CC_Brief.pdf 5AEFF64EF9796FCABC380136841F3F75C8854O02822623D261 
8282OC404O346O91481C64DA1B6193954O83F63E8A5DFC885 
8E8AD3464F69EEF5F2D36160A651B 

Joint_CC.pdf 89DC08A6B1O8OC3E03C08ADA62AF9A9F8532EA9D744OC14O 
D740E:.357E O544E FC4099F7778A0AFE62O9F0FAI 688O50659A 
C53C7F37F1A283O0FB00E76207•10A6A 

Micron_Stipulation_IPAs.pdf FBO69F.3388858325D0D9EE684DA069F8B87826F231F369ECC 
62DADE FF5368F948E86669DFA670818125035C8463O1  Al C8E 
A336529B1 A3B6B248E40E15855851A 
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MicronDDRSDRAMRDIMM. 28E9098F5E0B3BB9EACO6A3618C6E8C6E7COEEA6424006FB9 
pdf 9259A8A9495:.33DB690FA7709E41015EC0B716BE251FF05BC8A 

256C88D1E469038FDFB3A3AE3E9FF 

MicronDDR2....SDRAMFBDIM 0O8422A630156105C280F1E0B93FBFF6ED513622CB658546E 
M.pdf F6515BD27DD8F6EC214EF4A462F2D4EDE71D1934B91F6EB02 

48D78FD3F90259EEFI E695F0A13055 

650C80017ECO4AD2843008786318682.0A64135F652CFB8104F 
M.pdf 6BOBB222710E992ABOFAOEE7E0B7BBE01E8504BA568898178 

80EFA09E82C7CC575EFC3F487990D 

Jacob- 88C206376F0F601A27C22F79DD7DBACF34D8B6441EC3:.387F4 
Mernory_Systerns_Part1.pdf 571DB5505A125DF729CEC25278987CE0OCCC5CEEB7698A59 

4406BO61314428E0A0D568090F82297 

Jacob- 1F35C95C4A46AF26B7086DE8BBE716213007C9DE70CEAB0D 
Memory_Systems_Part2.pdt 4A6047471242076EA*1949CC2AC0A67428BCCDDF2167BEAB5A 

08220E202E4E0911B4E1DB7D8C23DE2 

JESD82-3B.pdf CE62FC2F7F70E25EB31C8439B649B4D99EAA651 Al A0F2BE85 
FC519AA0968D4CF70C28DB015EC9928BEDA229114BBBFODB 
988034F440043234735BA5B5FCCBA47 

JESD82-7A.pdf DD7F2B99A64EC6A04660EFD2F83000F1C31646C135C45B9E9 
868549F26EC414FEF84D11C57A88285036FD7AB218E5572.09 
EE46DF03E97487635A3A211737084C 

Jacob....Articie....SDRAM.pdf 482478CAD925037BD*13672F38FB3D42•1F063623C63E9E FE BB 
BB04402DB80CA702A56C310FC25DAE106E645A108614962DC 
748747A*I FA1D876DDC7494425AF1A9 

JESD79-2Apdf 769E7B0E8CE67C5585E4DC295765E01CB3AC579DEFD043E9 
14B2B82F9B9FOC57OF5ACBD9AE64A87BBE7DD2B9BCE500B 
9731D29F6CA67AF893C4618E32B1CA325 

Stone- 2.668209494F90250587CCB1D014A7C9F48684327F96C1D530 
Microcomputer....interfacing....Part 5635F751292C63C7341002350D6H4CED7B4F6D7A43EC52B55 
1. Of 028C4C373985FF0FCF42C74A7C158 
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Stone- 2663F08281C210CCE39D3F18938BED627E15092FBAA78E0D8 
Microcornputeunterfacing_Part 8351C22E7CD1BFF20BE9E1O714BF5AB608ED9BE9F51C0089 
2.pdf 194AD667ED1213E3304B7B6947BD780 

NL023-02US02 IDS List 2022- 1B67CE650F44F7D4E1C4A198DBDCE4DA3E7752D01E00F6D3 
08-05.pdf BAD826AE78AE4E0F877629EBBA6ACD90984C45E0BF76B0839 

EBBE693452845C46501 D432E8AFEBFA 

NL023- 2E7480536DFE13B86C5CF60FFF7A24019FCDB0B4BD31C7O0 
02US02 JOS....Transmittal....2022 C8A2B41662F759A3EE52A540B97C4BDC2345D2763B9339E9B 
-08-05.pdf 5154E03E47301C6634D381DBD7FFACD 

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. 

if a new application is being filed and the application includes the necessary components for filing date (see 37 CPR 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 PC-IMO/Ea/903 indicating acceptance o€ 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 PCTIRO/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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Electronically filed August 5, 2022 

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. El A list of all patents, publications, applications, or other information submitted for 
consideration by the office. 

lb. A legible copy of: 

[E] Each foreign patent; 

El Each publication or that portion which caused it to be listed on the PTO-1449; 

pi 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; 

El all other information or portion which caused it to be listed on the PTO-1449. 

lc. ri An English language copy of search report(s) from a counterpart foreign application 
or PCT International Search Report. 

ld. [S] Explanations of relevancy (ATTACHMENT 1(d), hereto) or English language 
abstracts of the non-English language publications. 
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2. [S] This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b): 

pi Within three months of the filing date of a national application other than a continued 
prosecution application under §1.53(d); 

pi Within three months of the date of entry of the national stage as set forth in §1.491 in 
an international application; 

[S] Before the mailing of the first Office action on the merits; 

pi Before the mailing of a first Office action after the filing of a request for continued 
examination under §1.114. 

3. 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 C.F.R. §1.113, a notice 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 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916. 

3c. ❑ The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916. 

3d. ❑ The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.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) 

4. ❑ 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 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916. 

4c. ❑ The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916. 

4d. ❑ The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916. 

5. ❑ Certification Statement (applicable if Item 3a or Item 4a is checked) 
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(Check either Item 5a, 5b, 5c or 5d) 

6. 

7. 

8. 

5a. 

5b. 

5c. 

5d. 

In accordance with 37 C.F.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(e)(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)(i) 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) 

7a. ❑ A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed 
herewith. 

7b. ❑ 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). 

7c. 
[E] 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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8a. pi 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 

9. 

9a. 

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. 

9b. ❑ set forth in the application. 

9c. enclosed as an attachment hereto. 

10. 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). 

11. 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). 

Date: August 5, 2022 

Respectfully submitted, 

/Jamie J. Zheng/ 
Jamie J. Zheng 
Customer No. 79141 
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.,047'"ant.,,, UNITED STATES PATENT AND TRADEMARK OFFICE 

4 r . UNITED STATES DEPARTMENT OF COMMERCE 
8 9, United States Patent and Trademark Office 

,-,i t .. ! Address: COMMISSIONER FOR PATENTS 
P.O. Box 1450 

i'4, -0''-'1''.1' Alexandria, Virginia 22313-1450 
lki3/4 ,,,,,,,c, www.uspto.gov 

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

17/403,832 08/16/2021 

79141 7590 

USCH Law, PC 
3790 El Camino Real #1147 
Palo Alto, CA 94304 

09/02/2022 

Jefferey C. Solomon NL023-02U502 3549 

EXAMINER 

NGUYEN, VAN THU T 

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 Art Unit 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)0 Responsive to communication(s) filed on 08/16/2021.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on 

2a)10 This action is FINAL. 2b) 11 This action is non-final. 
3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview 

on ; the restriction requirement and election have been incorporated into this action. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) rj Claim(s) 1-12 is/are pending in the application. 

5a) Of the above claim(s) is/are withdrawn from consideration. 

6) 0 Claim(s) is/are allowed. 

7) rj Claim(s) 1-12 is/are rejected. 

8) 0 Claim(s) is/are objected to. 

9) 0 Claim(s) are subject to restriction and/or election requirement 
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a 

participating intellectual property office for the corresponding application. For more information, please see 

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

Application Papers 
100 The specification is objected to by the Examiner. 

11)0 The drawing(s) filed on 08/16/2021 is/are: a)0 accepted or b)10 objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 

Priority under 35 U.S.C. § 119 
12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 
a)0 All b)0 Some** c)10 None of the: 

1.0 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) Ei Notice of References Cited (PTO-892) 

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 
Paper No(s)/Mail Date 12/11/2021,08/06/2022.

3) El Interview Summary (PTO-413) 

Paper No(s)/Mail Date 
4) EI Other: 

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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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 I 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: 

o 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); 

o 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); 

o 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: 

for DRAM module, time budget is write latency, which is WL=6); 

o 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 

o 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=6). 

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). 

Samsung Electronics Co., Ltd.
Ex. 1059, p. 251



Application/Control Number: 17/403,832 Page 7 
Art Unit: 2824 

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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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. 

4,706,214 1987-11-10 
Mitsubishi Denki 
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 
19. 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. 
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31. 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. 

5,638,534 1997-06-10 
Samsung Electronics Co 
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 Sha kka rwa r 
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 
91. 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. 
no. 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. 
12/ 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. 
12T 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. 
16T 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. 
17/ 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. 
17T 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. 
19/ 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. 
19T 7,334,150 2008-02-19 Ruckerbauer et al. 
198. 7,346,750 2008-03-18 lshikawa 
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. 
20/ 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. 
20T 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. 
21/ 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 
21T 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. 
22a 8,516,185 2013-08-20 Lee et al. 
221. 8,516,188 2013-08-20 Solomon et al. 
22/ 8,756,364 2014-06-17 Bhakta et al. 
221 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 
22T 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. 
23/ 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. 
23T 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 
24/ 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. 
24T 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. 
25/ 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. 
25T 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. 
26/ 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-Jye 
266. 20100070690 2010-03-18 Amer et al. 
26T 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 

Examiner 
Initials 

Cite 
No. 

Foreign Patent Document Publication Date 
MM-DD-YYYY 

Name of Patentee orApplicant of Cited 
Document 

Pages, Columns, Lines,Where Relevant Passages 
or Relevant Figures Appear 

T6Country Code3 — Number' 
- Kind Code5 (if known) 

274. EP 1 816 570 A2 2007-08-08 Rambus, Inc. 
275. 

JP 10320270 A 1998-12-04 
Matsushita Electric 
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. 

JP 2010-320270 A 1998-12-04 
Matsushita Electric 
Inc. Co. 

283. JPH 10092169 A 1997-09-09 Toshiba Corp. 
284. 

WO 1992/002879 1992-02-20 
Du Pont Pixel 
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. 

WO 2002/058069 2002-07-25 
Honeywell 
International, Inc. 

289. 

WO 2002/063804 2002-08-15 

Centillium 
Communications, 
Inc. 

290. 

WO 2003/017283 2003-02-27 
Micron Technology, 
Inc. 
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291. 

WO 2003/069484 2003-08-21 
Micron Technology, 
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 No.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 No.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 
C.F.R. 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 C.F.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 C.F.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 C.F.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 C.F.R. § 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 II 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 

41o. 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 

Examiner /W\NTHU T NGUYEN/ Date 08/2 7/2 022 
Signature Considered 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /vTNJ 

Samsung Electronics Co., Ltd.
Ex. 1059, p. 279



Receipt date: 12/11/2021 17/403,832 - GAU: 2824 

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 19 of 47 Attorney Docket Number NL023-02US02 

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. IPR2017-00549, Deposition 
Transcript of Carl Sechen, filed December 15, 2017. 

448. Inter Partes Review of US Patent No.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 No.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 No.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 No.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. IPR2017-00549, 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 No.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 No.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. IPR2017-00667, Deposition 
of Carl Sechen, Ph.D. taken February 8, 2018., filed February 26, 2018. 

495. Inter Partes Review of US Patent No.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 No.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 XPLA3 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 No.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 No.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 No.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 No.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 No.9606907, Case No. IPR2018-00362, Exhibit 
1026, Respondents' Post-Hearing Brief , filed May 30, 2017. 

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

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

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

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

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

549. Inter Partes Review of US Patent No.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 No.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 No.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 No.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 No.9606907, Case No. IPR2018-00362, Order 37 
C.F.R. 42.5, 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 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. 

569. 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. 

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 No.9606907, Case No. IPR2018-00362, Patent 
Owner Objections To Reply Evidence, filed February 19, 2019. 

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

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

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

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

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

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

585. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Patent 
Owner's Preliminary Response, filed April 10, 2018. 

586. Inter Partes Review of US Patent No.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 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. 
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589. 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. 

590. 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. 

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

593. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00363, Order, Trial 
Hearing, filed March 1, 2019. 

594. Inter Partes Review of US Patent No.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 No.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 No.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 No.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 No.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 No.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 No.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 No.9606907, filed December 27, 2017. 

605. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Petition, 
filed December 27, 2017. 
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606. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Patent 
Owner's Preliminary Response, filed May 7, 2018. 

607. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Decision 
Granting Institution of Inter Partes Review, filed August 6, 2018. 

608. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Patent 
Owner's Objections to Petition Evidence, filed August 21, 2018. 

609. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00364, Patent 
Owner's Supplemental Mandatory Notices, filed September 17, 2018. 

61o. Inter Partes Review of US Patent No.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 No.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 No.9606907, Case No. IPR2018-00364, Patent 
Owner's Response, filed November 16, 2018. 

613. Inter Partes Review of US Patent No.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 No.9606907, Case No. IPR2018-00365, Patent 
Owner's Preliminary Response, filed December 27, 2017. 

615. Inter Partes Review of US Patent No.9606907, Case No. IPR2018-00365, Petition, 
filed December 27, 2017. 

616. Inter Partes Review of US Patent No.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. 
651 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. 
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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). 
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851. Netlist, Inc. v. MetaRam, Inc., No. 09-165-GMS, MetaRAM, Inc.'s Answer and 
Affirmative Defenses to Plaintiffs 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 Systems, 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 
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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. El A list of all patents, publications, applications, or other information submitted for 
consideration by the office. 

lb. A legible copy of: 

❑ Each foreign patent; 

❑ Each publication or that portion which caused it to be listed on the PTO-1449; 

pi 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. ri An English language copy of search report(s) from a counterpart foreign application 
or PCT International Search Report. 

ld. pi Explanations of relevancy (ATTACHMENT 1(d), hereto) or English language 
abstracts of the non-English language publications. 
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2. [S] This Information Disclosure Statement is filed under 37 C.F.R. §1.97(b): 

pi Within three months of the filing date of a national application other than a continued 
prosecution application under §1.53(d); 

pi Within three months of the date of entry of the national stage as set forth in §1.491 in 
an international application; 

[S] Before the mailing of the first Office action on the merits; 

pi Before the mailing of a first Office action after the filing of a request for continued 
examination under §1.114. 

3. 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 C.F.R. §1.113, a notice 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. pi 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 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

3c. ❑ The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

3d. ❑ The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

(Items 3b or 3c to be checked if any reference known for more than 3 months) 

4. ❑ 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. pi 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 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

4c. ❑ The $130 (small entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 
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4d. ❑ The $120 (micro entity) fee set forth in 37 C.F.R. §1.17(p) in accordance with 37 
C.F.R. §1.97(c) is to be charged to Deposit Account No. 60-3916 (order no. NL057-
10US01). 

5. 

5a. 

5b. 

5c. 

5d. 

6. 

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(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(e)(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)(i) for U.S. patent applications filed after June 30, 
2003 

7. El This application is a continuation application under 37 C.F.R. §1.53(b) or (d). 

(Check appropriate Items 7a, 7b and/or 7c) 

7a. ❑ A Petition to Withdraw from issue under 37 C.F.R. §1.313(b)(5) is concurrently filed 
herewith. 

7b. El 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 
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35 U.S.C. §120, are not being submitted pursuant to 37 C.F.R. §1.98(d). 

7c. pi 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. 

8. ❑ This is a Supplemental Information Disclosure Statement. (Check Item 8a) 

8a. pi 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 

9. 

9a. 

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. 

9b. ❑ set forth in the application. 

9c. enclosed as an attachment hereto. 

10. 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). 

11. 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). 

Date: December 11, 2021 

Respectfully submitted, 

/Jamie J. Zheng/ 
Jamie J. Zheng 
Customer No. 79141 

51,167
(Reg. No.) 

/VANTHU T NGUYEN/ 08/27/2022 
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