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L. PTO/AIA/82A (07-12)
Document Description: Power of Attorney

Approved for use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

\.

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application.

Application Number Filed herewith
Filing Date February 7, 2017
First Named Inventor HYUN LEE

TIt'e MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS
Art Unit Unknown
Examiner Name U nknown

Attorney Docket Number  [NT003C2

SIGNATURE of Applicant or Patent Practitioner

Signature /Jamie J. Zheng/ Date February 6, 2017
Name Jamie J- Zheng Telephone 650_521 _4828
Registration Number 51 ,1 67

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

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Doc Code: PA..

o PTO/AIA/82B(07-12)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in the attached transmittal letter.

D | hereby appoint Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and to
transact all business in the United States Patent and Trademark Office connected therewith for the application referenced
in the attached transmittal letter (form PTO/AIA/82A or equivalent):

OR

|:| | hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s), and to transact all business in the
United States Patent and Trademark Office connected therewith for the application referenced in the attached
transmittal letter (form PTO/AIA/82A or equivalent):

Registration Name Registration

Name Number Number

[Please recognize or change the correspondence address for the application identified in the attached
transmittal letter to:
|:| The address associated with the above-mentioned Customer Number.
OR
|:| The address associated with Customer Number:
OR

Firm or
Individual Name

Address

City | State | | Zip|
Country

Telephone | Email |
| am the Applicant:

|:| Inventor or Joint Inventor

|:|Legal Representative of a Deceased or Legally Incapacitated Inventor

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

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

SIGNATURE of Applicant for Patent

Signature Date
Name Telephone
Title and Company

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications. Submit multiple forms for more than one signature, see below *.

|:| *Total of forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

Micron Technology Inc. et al.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (6 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

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

opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

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

Micron Technology Inc. et al.
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Modified PTO/AIA/82B (07-12)

GENERAL POWER OF ATTORNEY BY APPLICANT
FOR UNITED STATES PATENT

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

I hereby appoint the practitioner associated with the following Customer Number

79141

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

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

I am the Applicant:

D Inventor or Joint Inventor

D Legal Representative of a Deceased or Legally Incapacitated Inventor

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

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

SIGNATURE of Applicant for Patent

Signature /@ Date: January 9, 2013
Z

N M
Name/ Gail Sasaki

Titl{ Wdem and Chief Financial Officer

N—"
Company Netlist, Inc.

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

Submit multiple forms for more than one signature
Total of _ forms are submitted.

Micron Technology Inc. et al.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

. . MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED
Title of Invention:

DATA BUFFERS
First Named Inventor/Applicant Name: Hyun Lee
Filer: Jamie Jie Zheng
Attorney Docket Number: NT003C2
Filed as Large Entity
Filing Fees for Utility under 35 USC111(a)
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
UTILITY APPLICATION FILING 1011 1 280 280
UTILITY SEARCH FEE 1111 1 600 600
UTILITY EXAMINATION FEE 1311 1 720 720
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Micron Technology Inc. et al.
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1600

Micron Technology Inc. et al.
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Electronic Acknowledgement Receipt

EFS ID: 28281218
Application Number: 15426064
International Application Number:
Confirmation Number: 9117

Title of Invention:

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED,
DATA BUFFERS

First Named Inventor/Applicant Name:

Hyun Lee

Customer Number:

79141

Filer:

Jamie Jie Zheng

Filer Authorized By:

Attorney Docket Number: NT003C2
Receipt Date: 07-FEB-2017
Filing Date:
Time Stamp: 02:12:37

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1600

RAM confirmation Number

020717INTEFSW02140500

Deposit Account

505963

Authorized User

Jamie Zheng

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

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.19 (Document supply fees)

Micron Technology Inc. et al.

Ex. 1032, p. 7



37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:
Document s . . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
1437534
- 2017-02-06_ApplicationDataSh
no 6
1 Application Data Sheet cet_NT003C2.pdf
d0daf31950b52a7287d90bcefd42510b3473d|
52666
Warnings:
Information:
258161
2017-02-06_Specification_NTO
2 - - yes 35
03C2pdf c9bd6c352f547db46740eff4al1989e79%add|
4cf6
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 30
Claims 31 34
Abstract 35 35
Warnings:
Information:
316914
Drawings-only black and white line 2017-02-06_Drawings_NT003C
3 drawi 2.pdf no 26
rawi ng 5 p 4df3bdasf4b6e83800825%aec8a21880598
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

Oath or Declaration filed

2013-10-15_Declaration_Signe

d_NTO003US.pdf

201957

077e7a3e75ea46a46ebcfAc6382d25028ch
4b7b3

no

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

W H e 1o 1 1 P |
VITCTUTT TTUTITTUTUYY TG, ©U dl.
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195966

5 Power of Attorney 2071 7_I02|3_86A_/:l|¢§g3AC_;r;?j:mltta no 3

ffded8c34dcb6497a03b4d9a9583c7365d3)]
9cif

Warnings:

Information:

133545

6 Power of Attorney AlA_General_POA_Netlist.pdf no 1

8258889%ee9edc63b1cc17705b3158faaed4|
9e%e

Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

34870
7 Fee Worksheet (SB06) fee-info.pdf no 2
4¢15ce04e4f9af2a03c5eact91ead57bfas5c]
Warnings:
Information:
Total Files Size (in bytes): 2578947

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

Micron Technology Inc. et al.
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PTO/AIA/4 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Cffice; 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 CMB control number.

Attorney Docket Number | NT003C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS

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

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

Secrecy Order 37 CFR 5.2

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

Inventor Information:

Inventor |1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

| Hyun | ce |
Resﬁience Information (Select One) e US Residency Non US Residency Active US Military Service N
City | adera Ranch State/Province | CA Country of Residencé LS

Mailing Address of Inventor:

Address 1 P1 Thalia

Address 2

City | adera Ranch State/Province | ICA
Postal Code 02694 Countryi | us

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

[+ ayesh R. Bhakta [+
Resﬁ:lence Information (Select One) (@ US Residency Non US Residency Active US Military Service -
City | [ermitos State/Province | CA | Country of Residencd | S

Mailing Address of Inventor:

Address 1 2220 Rose Street

Address 2

City Cerritos State/Province | |CA
Postal Code 90703 Countryi | |US

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

generated within this form by selecting the Add button. Add

Correspondence Information:

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

Micron Technology Inc. et al.
EFS Web 225 Ex. 1032, p. 10



PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NT003C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS

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

Customer Number 79141

Email Address jz@jzpatent.com | AddEmail | |Remove Email

Application Information:

Title of the Invention m‘mmm TRIBUTED DATA
Attorney Docket Number| NT003C1 Small Entity Status Claimed [X

Application Type Nonprovisional v
Subject Matter tility -
Suggested Class (if any) Sub Class (if any)

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 26 Suggested Figure for Publication (if any) |

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

Req uest Not to Publish. | 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 (O Limited Recognition {37 CFR 11.9)
Customer Number |79141

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.5.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 118(e) or 120, and 37 CFR 1.78.

Prior Application Status | Pending v Remove
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

14846993 2015-09-07

Micron Technology Inc. et al.
EFS Web2.25 Ex. 1032, p. 11
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PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NT003C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS

Prior Application Status | |Patented v

R | conunuryype | Prertemieon [ ey | Patentamser |y ameoo)
14846993 Continuation of +| 13952599 2013-07-27 0128632 2015-09-08

Prior Application Status | Expired - Remove

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
13952599 hon provisional of ~| 61676883 R012-07-27
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 US.C. 119(b)
and 37 CFR 1.55(a).

| Remove |
Application Number Country' Filing Date (YYYY-MM-DD) Priority Claimed
e Yes No
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USFTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office {(KIFPO), the World Intellectual Froperty Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14{(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims prierity under 35 U S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information concerning the date of filing this Authorization.

Micron Technology Inc. et al.
EFS Web2.25 Ex. 1032, p. 12



PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NT003C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS

Applicant Information:

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

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

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

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

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

vI

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. X

Organization Name Netlist, Inc.

Mailing Address Information:

Address 1 175 Technology, #150
Address 2
City rvine State/Province CA
Country | s Postal Code 02618
Phone Number 949-435-0025 Fax Number
Email Address nwhitley@netlist.com
Additional Applicant Data may be generated within this form by selecting the Add button. Add

Non-Applicant Assignee Information:

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

Micron Technology Inc. et al.
EFS Web 2.25 Ex. 1032, p. 13



PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | NT003C1

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS

Assignee |1

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section 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), as the patent application publication will
include the name of the applicant(s).

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

-

4

Mailing Address Information:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

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

Add
Signature:

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

Signature [/Jamie J. Zheng/ Date (YYYY-MM-DD)| [2017-02-06
First Name | [Jamie Last Name Zheng Registration Number | 51167
Additional Sighature may be generated within this form by selecting the Add button. Add

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 USFTO to process) an application. Confidentiality is governed by 35 U.8.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.

Micron Technology Inc. et al.
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Privacy Act Statement
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MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS

IN DISTRIBUTED DATA BUFFERS

CLAIM OF PRIORITY

[0001] The present application is a continuation of U.S. Pat. App. No. 14/846,993, to be
issued as U.S. Pat. No. 9,563,587, which is a continuation of U.S. Pat. App. No. 13/952,599,
filed July 27, 2013, issued as U.S. Pat. No. 9,128,632, which claims priority to U.S.
Provisional Pat. Appl. No. 61/676,883, filed on July 27, 2012. Each of the above

applications is incorporated by reference herein in its entirety.

CROSS REFERENCE TO RELATED APPLICATIONS

[0002] The present application is related to commonly-owned U.S. Pat. App. No.
14/715,486, filed on May 18, 2015; U.S. Pat. App. No. 13/970,606, filed on August 20,
2013; U.S. Pat. App. No. 12/504,131, filed on July 16, 2009, now U.S. Pat. No. 8,417,870,
U.S. Pat. App. No. 12/761,179, filed on April 15, 2010, now U.S. Pat. No. 8,516,185; U.S.
Pat. App. No. 13/287,042, filed on November 1, 2011, now U.S. Pat. No. 8,756,364; and
U.S. Pat. App. No. 13/287,081, filed on November 1, 2011, now U.S. Pat. No. 8,516,188;

each of which is incorporated herein by reference in its entirety.

FIELD

[0003] The disclosure herein is related generally to memory modules, and more

particularly to multi-rank memory modules and methods of operation.

BACKGROUND

[0004] With recent advancement of information technology and widespread use of the
Internet to store and process information, more and more demands are placed on the
NT003 1
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acquisition, processing, storage and dissemination of vocal, pictorial, textual and numerical
information by microelectronics-based combination of computing and communication
means. In a typical computer or server system, memory modules are used to store data or
information. A memory module usually includes multiple memory devices, such as
dynamic random access memory devices (DRAM) or synchronous dynamic random access
memory devices (SDRAM), packaged individually or in groups, and/or mounted on a
printed circuit board (PCB). A processor or a memory controller accesses the memory
module via a memory bus, which, for a single-in-line memory module (SIMM), can have a
32-bit wide data path, or for a dual-in-line memory module (DIMM), can have a 64-bit

wide data path.

[0005] The memory devices of a memory module are generally organized in ranks, with
each rank of memory devices gencrally 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"
or "by 64" organization. Similarly, a memory module having 72-bit-wide ranks is described

as having an "x72" or "by 72" organization.

[0006] The memory capacity or memory density of a memory module increases with the
number of memory devices on the memory module. 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.

[0007] In certain conventional memory modules, the ranks are selected or activated by
control signals from a processor or memory controller during operation. Examples of such
control signals include, but are not limited to, rank-select signals, also called chip-select
signals. Most computer and server systems support a limited number of ranks per memory
module, which limits the memory density of the memory modules that can be used in these

computer and server systems.

[0008] For memory devices in such as a memory module to be properly accessed,

distribution of control signals and a control clock signal in the memory module is subject to
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strict constraints. In some conventional memory modules, control wires are routed so there
is an equal length to each memory component, in order to eliminate variation of the timing
of the control signals and the control clock signal between different memory devices in the
memory modules. The balancing of the length of the wires to each memory devices
compromises system performance, limits the number of memory devices, and complicates

their connections.

[0009] In some conventional memory systems, the memory controllers include leveling
mechanisms for write and/or read operations to compensate for unbalanced wire lengths
and memory device loading on the memory module. As memory operating speed and
memory density continue to increase, however, such leveling mechanisms are also
insufficient to insure proper timing of the control and/or data signals received and/or

transmitted by the memory modules.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram illustrating a memory system including at least one memory

module according to one embodiment.

[0011] FIGS. 2A-2D are cach a diagrams illustrating interactions among components in a

a memory module according to certain embodiments.

[0012] FIG. 3 is a diagram illustrating one of a plurality of data buffers in a memory

module according to one embodiment.

[0013] FIGS. 4A-4B are cach a diagram illustrating data and data strobe signal lines

coupled to memory devices in a memory module according to certain embodiments.

[0014] FIGS. 5A-5B are diagrams illustrating different numbers of memory devices that

can be coupled to each data buffer in a memory module according to certain embodiments.

[0015] FIG. 6 is a diagram illustrating a control circuit in a data buffer according to

certain embodiments.
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[0016] FIG. 7 is a diagram illustrating control signals from a module control device to a

plurality of data buffers in a memory module according to certain embodiments.

[0017] FIG. 8 is a timing diagram illustrating alignment of module control signals with

respect to module clock signals.

[0018] FIG. 9 is a diagram illustrating a metastability detection circuit and signal

adjustment circuit in a data buffer according to certain embodiments.

[0019] FIGS. 10A-10C are diagrams illustrating a metastability detection circuit

according to certain embodiments.

[0020] FIGS. 10D is a diagram illustrating a signal adjustment circuit according to certain

embodiments.

[0021] FIGS. 11A-11B are diagrams illustrating a metastability detection circuit and

signal adjustment circuit, respectively, according to certain embodiments.

[0022] FIGS. 12A-12B are a timing diagrams illustrating a write operation and a read

operation, respectively, performed by a memory module according to one embodiment.

[0023] FIG. 13 is a diagram illustrating a delay control circuit in a data buffer according

to certain embodiments.

[0024] FIG. 14 is a diagram illustrating a DQ or DQS routing circuit in a data buffer

according to an embodiment.

[0025] FIG. 15 a diagram illustrating a DQS routing circuit having a delay circuit in a

data buffer according to an embodiment.

[0026] FIG. 16 a diagram illustrating a DQ routing circuit having a delay circuit in a data

buffer according to an embodiment.

[0027] FIG. 17 is a diagram illustrating a delay circuit in a DQ or DQS routing circuit

according to an embodiment.
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[0028] FIG. 18 is a flowchart illustrating a method for data edge alignment according to

embodiments.

[0029] FIG. 19 is a diagram illustrating a control circuit in a data buffer according to

certain embodiments.

DESCRIPTION OF EMBODIMENTS

[0030] A memory module according to one embodiment includes memory devices
organized in groups, a module control device, and data buffers (DB). The data buffers are
sometimes referred to herein as buffer circuits, isolation devices (I.D.) or load reduction
devices. The memory module is operable to perform memory operations in response to
memory commands (e.g., read, write, refresh, precharge, etc.), each of which is represented
by a set of control/address (C/A) signals transmitted by the memory controller to the
memory module. The C/A signals may include, for example, a row address strobe signal
(/RAS), a column address strobe signal (/CAS), a write enable signal (/WE), an output
enable signal (/OE), one or more chip select signals, row/column address signals, and bank
address signals. The memory controller may also transmit a system clock signal to the
memory module. In one embodiment, the C/A signals and the system clock signal are
received by the module control device, which generates a set of module command signals
and a set of module control signals in response to each memory command from the
memory controller. The module command signals are transmitted by the module control
device to the memory devices via module C/A signal lines, and the module control signals
(referred sometimes herein as module control signals) are transmitted by the module

control device to the buffer circuits via module control signal lines.

[0031] The buffer circuits are associated with respective groups of memory devices and
are distributed across the memory module at positions corresponding to the respective
groups of memory devices. Thus, during certain high speed operations, each module
control signal may arrive at different buffer circuits at different points of time across more

than one clock cycle of the system clock. Also, each buffer circuit associated with a
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respective group of memory devices is in the data paths between the respective group of
memory devices and the memory controller. Thus, the memory controller does not have
direct control of the memory devices. In one embodiment, each group of memory devices
include at least two subgroups, each subgroup including at least one memory device. Each
buffer circuit is configured to select a subgroup in the respective group of memory devices
to communicate data with the memory controller in response to the module control signals.
Thus, the memory module can have more ranks of memory devices than what is supported

by the memory controller.

[0032] In one embodiment, each buffer circuit includes metastability detection circuits to
detect metastability condition in the module control signals and signal adjustment circuits
to adjust the module control signals and/or a module clock signal to mitigate any

metastability condition in the module control signals.

[0033] Further, in one embodiment, each buffer circuit includes signal alignment circuits
that determine, during a write operation, a time interval between a time when one or more
module control signals are received from the module control circuit and a time when a
strobe or data signal is received from the memory controller. This time interval is used
during a subsequent read operation to time transmission of read data to the memory
controller, such that the read data arrives at the memory controller within a time limit in

accordance with a read latency parameter associated with the memory system.

[0034] FIG. 1 shows a system 100 including a memory controller (MCH) 101 and one or
more memory modules 110 coupled to the MCH by a memory bus 105, according to one
embodiment. As shown, the memory bus includes C/A signal lines 120 and groups of
system data/strobe signal lines 130. Also as shown, each memory module 110 has a
plurality of memory devices 112 organized in a plurality of ranks 114. Each memory
module 110 further includes a module control circuit (module controller or module control
device) 116 coupled to the MCH 101 via the C/A signal lines 120, and a plurality of buffer
circuits or isolation devices 118 coupled to the MCH 101 via respective groups of system

data/strobe signal lines 130. In one embodiment, the memory devices 112, the module
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control circuit 116 and the isolation devices 118 can be mounted on a same side or different

sides of a printed circuit board (module board) 119.

[0035] In the context of the present description, a rank refers to a set of memory devices
that are selectable by a same chip select signal from the memory controller. The number of
ranks of memory devices in a memory module 110 may vary. For example, as shown, each
memory module 110 may include four ranks of memory devices 112. In another
embodiment, the memory module 110 may include 2 ranks of memory devices. In yet
another embodiment, the memory module may include six or more ranks of memory

devices 112.

[0036] In the context of the present description, a memory controller refers to any device
capable of sending instructions or commands, or otherwise controlling the memory devices
112. Additionally, in the context of the present description, a memory bus refers to any
component, connection, or groups of components and/or connections, used to provide
electrical communication between a memory module and a memory controller. For
example, in various embodiments, the memory bus 105 may include printed circuit board
(PCB) transmission lines, module connectors, component packages, sockets, and/or any

other components or connections that provide connections for signal transmission.

[0037] Furthermore, the memory devices 112 may include any type of memory devices.
For example, in one embodiment, the memory devices 112 may include dynamic random
access memory (DRAM) devices. Additionally, in one embodiment, each memory module

110 may include a dual in-line memory module (DIMM).

[0038] Referring to FIG. 2A, which illustrates one memory module 110 according to an
embodiment, the module control device 116 receives system memory commands
represented by a set of system control/address (C/A) signals from the MCH 101 via signal
lines 120 and generates module command signals and module control signals based on
memory commands from the system. The module control device 116 also received a

system clock MCK and generates a module clock signal CK in response to the system
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clock signal MCK. The MCK signal may include a pair of complementary clock signals,

MCK and MCK | and the module clock signal may include a pair of complementary clock

signals CK and CK .

[0039] Examples of the system C/A signals include, but are not limited to, Chip Select (or
/CS) signal, which is used to select a rank of memory devices to be accessed during a
memory (read or write) operation, Row Address Strobe (or /RAS) signal, which is used
mostly to latch a row address and to initiate a memory cycle; Column Address Strove (or
/CAS) signal, which is used mostly to latch a column address and to initiate a read or write
operation; address signals, including bank address signals and row/column address signals,
which are used to select a memory location on a memory device or chip, Write Enable (or
/WE) signal, which is used to specify a read operation or a write operation, Output Enable
(or /OE) signal, which is used to prevent data from appearing at the output until needed

during a read operation, and the system clock signal MCK.

[0040] Examples of module command signals include, but are not limited to module /CS
signals, which can be derived from the system /CS signals and one or more other system
C/A signals, such as one or more bank address signals and/or one or more row/column
address signals; a module /RAS signal, which can be, for example, a registered version of
the system /RAS signal; a module /CAS signal, which can be, for example, a registered
version of the system /CAS signal; module address signals, which can be, for example,
registered versions of some or all of the address signals; a module /WE signal, which can
be, for example, a registered version of the system /WE signal; a module /OE signal, which
can be, for example a registered version of the system /OE signal. In certain embodiments,

the module command signals may also include the module clock signal CK.

[0041] Examples of module control signals include, but are not limited to a mode signal
(MODE), which specifies a mode of operation (e.g., test mode or operating mode) for the
isolation devices 118; one or more enable signals, which are used by an isolation device to

select one or more subgroups of memory devices to communicate data with the memory
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controller; and one or more ODT signals, which are used by the isolation devices to set up
on-die termination for the data/strobe signals. In one embodiment, the module control
signals are transmitted to the isolation devices 118 via respective module control signal
lines 230. Alternatively, the module control signals can be packetized before being
transmitted to the isolation devices 118 via the module control signal lines and

decoded/processed at the isolation devices.

[0042] Module control device 116 transmits the module command signals to the memory
devices 112 via module C/A signal lines 220. The memory devices 112 operate in response
to the module command signals to receive write data or output read data as if the module
command signals were from a memory controller. The module control device transmits the
module control signals together with the module clock signal CK to the isolation devices
118 via module control signal lines 230. As shown in FIG. 2, at least some of the memory
devices in a same rank share a same set of module C/A signal lines 220, and at least some

of the isolation devices 118 share a same set of module control signal lines 230.

[0043] As shown n FIGS. 2A and 2B, each rank 114 includes N memory devices, where N
is an integer larger than one. For example, a first rank includes memory devices My, ...,
Mii, Mis1, ..., My, a second rank includes memory devices M, ..., M, Miz1, ..., Mo,
and so on. In one embodiment, the memory devices 112 are also organized in groups or sets,
with each group corresponding to a respective group of system data/strobe signal lines 130
and including at least one memory device from each rank. For example, memory devices
M1, My,, M3, and M4 form a first group of memory devices, memory devices Mi;, M,

.th .
Mis, and My, form an /™ group of memory devices, and so on.

[0044] As shown, the isolation devices 118 are associated with respective groups of
memory devices and are coupled between respective groups of system data/strobe signal
lines 130 and the respective groups of memory devices. For example, isolation device ID-1
among the isolation devices 118 is associated with the first group of memory devices M,
Mj;,, My3, and My4 and is coupled between the group of system data/strobe signal lines

130-1 and the first group of memory devices, isolation devices ID-/ among the isolation
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devices 118 is associated with the /™ group of memory devices Mii, Mis, Mis, and My, and is
1

coupled between the group of system data/strobe signal lines 130-i and the i group of

memory devices, and so on.

[0045] In one embodiment, each group or sets of memory devices are coupled to the
associated isolation device 118 via a set of module data/strobe lines 210. Each group or set
of memory devices is organized in subgroups or subsets, with each subgroup or subset
including at least one memory device. The subgroups in a group of memory devices may be
coupled to the associated isolation device 118 via a same set of module data/strobe lines
210 (as shown in FIG. 2A) or via respective subsets of module data/strobe lines 210 (as
shown in FIG. 2B). For example, as shown in FIG. 2B, in the first group of memory
devices, memory devices M;; and/or M;3 form a first subgroup, and memory devices Mi,
and/or M4 form a second subgroup; in the i group of memory devices, memory devices
M and/or M3 form a first subgroup, and memory devices Mj, and/or Mis form a second
subgroup; and so on. The first subgroup of at least one memory device in each group of
memory devices is coupled to the associated isolation device 118 via an associated first
subset of module data/strobe lines YA, and the second subgroup of at least one memory
device in each group of memory devices is coupled to the associated isolation device via an
associated second subset of module data/strobe lines YB, as shown. For example, memory
devices M; and/or M3 form the first subgroup are/is coupled to the isolation device ID-1
via the corresponding first subset of module data/strobe lines YA-1, and memory devices
M,; and/or M4 form the second subgroup are/is coupled to the isolation device ID-1 via

the corresponding second subset of module data/strobe lines YA-2.

[0046] In one embodiment, the isolation devices 118 are in the data paths between the
MCH 101 and the memory module 110 and include data buffers between the MCH 101 and
the respective groups of memory devices. In one embodiment, each isolation device 118 is
configured to select a subgroup in the respective group of memory devices to communicate
data with the MCH 101 in response to the module control signals, such that the memory
module can include more ranks than what is supported by the MCH 101. Further, each

isolation devices 118 is configured to isolate unselected subgroup(s) of memory devices
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from the MCH 101 during write operations, so that the MCH sees a load on each data line
that is less than a load associated with the respective group of memory devices. In one
embodiment, the MCH sees only a load associated with one memory device on each

data/strobe signal line during write operations.

[0047] In one embodiment, the isolation devices 118 are distributed across the memory
module 110 or the module board 119 in positions corresponding to the respective groups of
memory devices. For example, isolation device ID-1 is disposed in a first position
corresponding to the first group of memory devices M, Mi,, M3, and My, and isolation
device ID-7 is disposed in an /™ position separate from the first position and corresponding
to the /M group of memory devices Mi1, My, Mi3, and Mjs. In one embodiment, the first
position is between the first group of memory devices and an edge 201 of the module board
119 where connections (not shown) to the data/strobe signal lines 130 are placed, and i
position is between the /" group of memory devices and the edge 201 of the module board
119. In one embodiment, the isolation devices 118 are distributed along the edge 201 of the
memory module 110. In one embodiment, each isolation device 118 is a separate integrated
circuit device packaged either by itself or together with at least some of the respective
group of memory devices. In one embodiment, the module data/strobe signal lines 210, the
module C/A signal lines 220, and the module control signal lines 230 include signal traces

formed on and/or in the module board 119.

[0048] As an option, memory module 110 may further include a serial-presence detect
(SPD) device 240, which may include eclectrically erasable programmable read-only
memory (EEPROM) for storing data that characterize various attributes of the memory
module 110. Examples of such data include a number of row addresses, a number of
column addresses, a data width of the memory devices, a number of ranks on the memory
module 110, a memory density per rank, a number of memory device on the memory
module 110, and a memory density per memory device, etc. A basic input/output system
(BIOS) of system 100 can be informed of these attributes of the memory module 110 by
reading from the SPD 240 and can use such data to configure the MCH 101 properly for

maximum reliability and performance.

11
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[0049] In certain embodiments, the SPD 240 and/or the control circuit 116 store module
configuration information, such as: memory space translation code, memory address
mapping function code, input and output signals timing control information for the control
circuit 116, input and output signals electrical and logical level control information for the
control circuit 116, etc. In certain embodiments, the SPD 240 contains a system view of the
module 110 which can be different from an actual physical construction of the module 110.
For example, the SPD 240 stores at least one memory operation parameter that is different
from a correspondng memory operation parameter in a system memory controller setting.
The SPD 240 may also store at least on data buffer operation parameter that is different

from a corresponding parameter in the system memory controller setting.

[0050] Thus, in certain embodiment, in the memory module 110, C/A signals representing
a memory command are received and buffered by the module control circuit 116, so that
the MCH sees only the module control circuit 116 as far as the C/A signals are concerned.
Wirite data and strobe signals from the controller are received and buffered by the isolation
devices 118 before being transmitted to the memory devices 112 by the isolation devices
118. On the other hand, read data and strobe signals from the memory devices are received
and buffered by the isolation devices before being transmitted to the MCH via the system
data/strobe signal lines 130. Thus, MCH 101 does not directly operate or control the
memory devices 112. As far as data/strobe signals are concerned, the MCH 101 mainly sees
the isolation devices 118, and the system 100 depends on the isolation devices 118 to

properly time the transmission of the read data and strobe signals to the MCH 101.

[0051] In certain embodiments, the memory module 110 is a dual in-line memory module
(DIMM) and the memory devices are double data rate (DDR) dynamic random access
memory devices (DRAM). In certain embodiments, the control circuit 116 includes a DDR
register, and logic for memory space translation between a system memory domain and a
module level physical memory domain. Such translation may produce address mapping,
proper interface timing for the control signals to the module level physical memory domain,
and a proper interface electrical and logical level for the control signals to the module level

physical memory domain.

12
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[0052] As shown in FIG. 2C, in certain embodiments, the control circuit 116 transmits
registered C/A and clock signals to the memory devices 112, and transmits module control
signals and a registered clock signal (or module clock signal) to the isolation devices 118,
in a fly-by configuration. As the speed of memory operations increase, issues can arise with
respect to signal alignment for input, output delay variation due process, voltage and
temperature (PVT) variations, synchronization with system memory controller interface,
and phase drift accumulation during operation, etc. Electrical interface calibration drift
during operation due to charge build up and timing interface calibration drift during

operation due to environment change can also create issues.

[0053] For example, load reduction mechanism in the isolation devices 118 would
provide a single data bus interface to the respective set of memory devices, which is hidden
from the system memory controller 101. Thus, a long sequence of interface timing training
may be required due to limited controllability of the system memory controller 101 over
the interface between the memory devices 112 and the associated isolation devices 118.
Furthermore, interface signal alignment-drift after the initial training would not be easily

detected by the system memory controller 101, which may cause silent system failure.

[0054] Moreover, clock skew amongst the memory devices 112 and the associated
isolation devices 118 due to the distributed architecture of the memory module 110 can
cause synchronization issues. As the speed of memory operation increase, data period can
become very close to the signal propagation delay time. Thus, such issues cannot simply be
addressed by pipelining the data paths, as variation of the signal propagation time through

I/0s becomes a very significant portion of a data period.

[0055] To address at least some of the above issues, in certain embodiments, as shown in
FIG. 2D, the control circuit 116 transmits registered C/A signals to the memory devices 112,
and transmits the module control signals and the module clock signal to the data buffers
118, in a fly-by arrangement. The memory devices 112 do not receive the module clock
signal from the control circuit 116. Instead, each data buffer 118 regenerates the clock that

is used by the respective set of memory devices 112. Each Data buffer 118 is thus
13
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responsible for providing a correct data timing interface between the respective set of
memory devices 112 and the system memory controller 101. Each data buffer 118 is also
responsible for providing the correct control signal timing between the control circuit 116

and the respective set of memory devices 112.

[0056] Thus, the memory module 110 in FIG. 2D allows a locally synchronized operation
for each respective set of memory devices 112, which can correspond to a nibble or a byte
of a DDR data bus between the memory module 110 and the system memory controller 101.
Also, signal interface between each data buffer 118 and the respective set of memory
devices 112 can be synchronized. In one embodiment, each data buffer 118 has a set of
configurable operations, including, for example: programmable phase relationship between
the clock it receives and the clock it regenerates, programmable phase adjustment for the
data and data-strobe signals coupled to the memory devices 112, programmable phase
adjustment for the data and data-strobe signals coupled to the system memory controller
101, programmable phase adjustment related to at least one control signal that is coupled to
the control circuit 116. The locally synchronized operation also makes it easier for each
data buffer 118 to perform self-testing of the associated set of memory devices 112,
independent of the self-testing of other sets of memory devices performed by the other data
buffers, as disclosed in commonly-owned U.S. Patent 8,001,434, entitled “Memory Board

with Self-Testing Capability,” which is incorporated herein by reference in its entirety.

[0057] In certain embodiments, operations of the isolation devices 118 are controlled by
the module control signals from the module control circuit 116, which generates the
module control signals according to the C/A signals received from the MCH. Thus, the
module control signals need to be properly received by the isolation devices 118 to insure
their proper operation. In one embodiment, the module control signals are transmitted
together with the module clock signal CK, which is also generated by the module control
circuit 116 based on the system clock signal MCK. The isolation circuits 118 buffers the
module clock signal, which is used to time the sampling of the module control signals.
Since the isolation devices 118 are distributed across the memory module, the module

control signal lines 230 can stretch across the memory module 110, over a distance of
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several centimeters. As the module control signals travel over such a distance, they can
become misaligned with the module clock signal, resulting in metastability in the received
module control signals. Therefore, in one embodiment, the isolation circuits 118 includes
metastability detection circuits to detect metastability condition in the module control
signals and signal adjustment circuits to adjust the module control signals and/or the
module clock signal to mitigate any metastability condition in the module control signals,

as explained in further detail below.

[0058] Because the isolation devices 118 are distributed across the memory module 110,
during high speed operations, it may take more than one clock cycle time of the system
clock MCK for the module control signals to travel along the module control signals lines
230 from the module control device 116 to the farthest positioned isolation devices 118,
such as isolation device ID-1 and isolation device ID-(n-1) in the exemplary configuration
shown in FIG. 2. In other words, a same set of module control signals may reach different
isolation devices 118 at different times across more than one clock cycle of the system
clock. For example, when the clock frequency of the system clock is higher than 800 MHz,
the clock cycle time is less than about 1.2 ns. With a signal travel speed of about 70ps per
centimeter of signal line, a module control signal would travel about 15 c¢cm during one
clock cycle. When the clock frequency increases to 1600 MHz, a module control signal
would travel less than 8 cm during one clock cycle. Thus, a module control signal line can
have multiple module control signals on the line at the same time, i.e., before one module
control signal reaches an end of the signal line, another module control signal appear on the

signal line.

[0059] With the isolation devices 118 receiving module control signals at different times
across more than one clock cycle, the module control signals alone are not sufficient to
time the transmission of read data signals to the MCH 101 from the isolation devices 118.
In one embodiment, each isolation devices includes signal alignment circuits that determine,
during a write operation, a time interval between a time when one or more module control
signals are received from the module control circuit 116 and a time when a write strobe or

write data signal is received from the MCH 101. This time interval is used during a
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subsequent read operation to time the transmission of read data to the MCH 101, such that
the read data follows a read command by a read latency value associated with the system

100, as explained in more detail below.

[0060] More illustrative information will now be set forth regarding various optional
configurations, architectures, and features with which the foregoing framework may or may
not be implemented, per the desires of the user. It should be strongly noted that the
following information is set forth for illustrative purposes and should not be construed as
limiting in any manner. Any of the following features may be optionally incorporated with

or without the exclusion of other features described.

[0061] In one embodiment, as shown in FIG. 3, each group of signal lines 130 include a
set of n data (DQ) signal lines 322 each for transmitting one of a set of data signals DQy,
DQs, ..., DQu.1, and at least one strobe (DQS) signal line 324 for transmitting at least one
strobe signal DQS. Each set of module data/strobe lines Y include a set of » module data

signal lines Yo, Y1, ..., Yu1 and at least one module strobe signal line Ypos. When the

subsets of memory devices are coupled to the associated isolation device 118 via respective
subsets of memory devices, each set of module data/strobe lines Y may include multiple
subsets of module data/strobe lines, such as the subsets of module data/strobe lines YA and
YB shown in FIG. 2B. Each subset of module data/strobe lines YA include a set of 7 first
module data lines YAy, YAy, ..., YA, and at least one first module strobe signal line YApos;

and each subset of module data/strobe lines YB include a set of 7 second module data lines

YBo, YBy, ..., YB, and at least one second module strobe signal line YBpgs.

[0062] Each isolation device 118 includes a set of DQ routing circuits 320 coupled on one
side to respective ones of the set of # DQ signal lines 322, and on another side to respective
ones of the respective set of » module data lines, or respective ones of the respective
subsets of module data lines, such as the first module data lines YA, YA, ..., YA, and the
second module data lines YBy, YB;, ..., YB,. Each isolation device 118 further includes an
ID control circuit 310 coupled on one side to the at least one DQS signal line 324, on

another side to the one or more module strobe signal lines Ypgs, or the first module strobe
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signal line YApgs and second module strobe signal line YBpgs. The ID control circuit 310
also receives the module clock signal CK and the module control signals via the module
control signal lines 230, and outputs ID control signals 330 to the DQ routing circuits 320,
including, for example, one or more enable signals ENA and/or ENB, and some or all of
the other received, decoded, and/or otherwise processed module control signals, a delay
signal DS, a read DQS signal RDQS, a write DQS signal WDQS, and a buffer clock signal
CKO. Each DQ routing circuit 320 i1s configured to enable data communication between the
respective DQ signal line 322 with a selected subgroup of one or more memory devices in

response to the module control signals, as explained in more detail below.

[0063] In certain embodiments, the ID control circuit 310 also provides a delay signal DS,
which is used by the DQ routing circuits 320 to align read data output by the isolation
device 118 with read data output by the other isolation devices 118, as explained in further
detail below. In certain embodiments, the ID control circuit 310 regenerates a clock signal
from the module clock signal CK, which can have a programmable delay from the module
clock signal. The regenerated clock signal is used as the clock signal CKO and a clock
signal CKM that is provided to the corresponding set of memory devices, as explained in

more detail below.

[0064] The memory devices 112 are coupled to the isolation devices 118 via a same set of
module data/strobe signal lines or different subsets of module data/strobe signal lines. For
example, as shown in FIG. 4A, memory devices My;, Mja, M3, and My, in the first group
of memory devices can be coupled to the isolation device ID-1 via a same set of module
data lines Y-1p, Y-1, ..., Y-1,1 and module strobe line Y-1pgs. In such embodiment, a
subgroup in the group of memory devices can be selected by the isolation devices to
communicated data with the MCH based on the phases of the data/strobe signals, which

can be different with respect to different subgroups of memory devices.

[0065] Alternatively, as shown in FIG. 4B, memory devices M;; and M3, which form a
subgroup in the first group of memory devices, are coupled to the isolation device ID-1 via

the module data lines YA-1p, YA-1;, ..., YA-1, and module strobe line YA-lpgg and
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memory devices My, and M4, which form another subgroup in the first group of memory
devices, are coupled to the isolation device ID-1 via the module data lines YB-1,,
YB-1,, ..., YB-1, and module strobe line YB-1pgs. Memory devices coupled to the same
isolation devices can be disposed on a same side or different sides of the memory board
119. Memory devices coupled to the same isolation devices may be placed side by side, on
opposite sides of the module boards 119, or stacked over each other, and/or over the

associated isolation device.

[0066] Multiple memory devices having a data width that is less than a data width of the
isolation devices 118 may be used in place of one of the memory devices 112, which has
the same data width as that of the isolation devices. For example, as shown in FIG. SA, two
memory devices Mj;.; and M2 may be used in place of the memory device My;. Each of
the two memory devices My,.; and M., has a data width of 4, and together they act like a
memory device My, of a data width of 8. Thus, memory device Myi.1 is coupled to the
isolation device ID-1 via module data lines YA-1lg, ..., YA-15 and module strobe line
YA-1pqs-1 while memory circuit My, is coupled to the isolation device ID-1 via module

data lines YA-14, ..., YA-17 and module strobe line YA-1pgs-2.

[0067] In another embodiment, as shown in FIG. 5B, four memory devices My;.;to M4
may be used as the memory device M;;. Each of the four memory devices M. to My 4
has a data width of 4, and together they act like a memory device My, of a data width of 16.
Thus, memory device M. is coupled to the isolation device ID-1 via module data lines
YA-1lo, ..., YA-13 and module strobe line YA-1pgs-1 while memory device My, 1s coupled
to the isolation device ID-1 via module data lines YA-14, ..., YA-1; and module strobe line

YA-1pos-2, and so on.

[0068] FIG. 6 illustrates the ID control circuit 310 in an isolation device 118. As shown,
the ID control circuit 310 includes a clock buffer 610 to receive the module clock signal
CK from the module control device 116, and to output a module clock signal CKO. The ID
control circuit 310 further includes a strobe routing circuit 620 that are coupled on one side

to the corresponding system DQS signal line 324 and on another side to the corresponding
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module DQS signal lines YApgs and YBpgs. The ID control circuit 310 further includes a
receiver circuit 630 with respect to each of at least some of the module control signals
(MCS) to receive a respective one of the module control signals. The ID control circuit 310
further includes a command processing circuit 640 that provides the received, decoded,
and/or otherwise processed module control signals 330 to the DQ routing circuits 320 and
the strobe routing circuit 620 either directly or after further processing, if needed. The
received/decoded/processed module control signals may include, for example, one or more
enable signals ENA and/or ENB that are used by the DQ routing circuits 320 and the strobe
routing circuit 620 to selectively enabling data communication between the MCH 101 and
one of the subgroups in the respective group of memory devices, with which the isolation

device is associated.

[0069] The strobe routing circuit 620 also buftfers strobe signals received from either the
MCH 101 or the memory devices 112, and output either a write strobe WDQS or read
strobe RDQS to the DQ routing circuits 320. In one embodiment, the ID control circuit 310
further includes a delay control circuit 650 that receives one of the module control signals
and either a data signal or a strobe signal and determines a delay amount to be used by the
DQ routing circuit 320 and the strobe routing circuit 620. The delay amount is provided to

the DQ routing circuit 320 and the strobe routing circuit in a delay signal DS.

[0070] In a receiver circuit 630, the respective MCS is received in accordance with the
module clock signal CKO. In one embodiment, receiver circuit 630 samples the respective
MCS using rising (or falling) edges of the module clock CKO. Since the isolation devices
118 are distributed across the memory module 110 at positions corresponding to the
respective groups of memory devices, the module control signal lines 230 that carry the
MCS to the isolation devices can stretch over a distance of more than 10 centimeters, as
shown in FIG. 7. As the MCS and CKO travel along their respective module control signal
lines 710 and 720, they can become misaligned with each other when they reach the input

pins 730 of an isolation device 118.

[0071] For example, a module control signal, like the MCS 810 shown in FIG. 8, can be
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perfectly aligned with the module clock signal CK, with a rising edge 801 of the module
clock signal CK being at a center of a data eye 802, when the MCS signal and the clock
signal leave the module control circuit 116. When the module control signal and the
module clock signal reach an isolation device, however, their alignment can become shifted
like the MCS 820 with respect to the CK signal, i.e., the rising edge 801 of the clock signal
is near a left edge of a data eye of the MCS 820, barely providing enough set up time for
proper sampling of the module control signal. Or, the module control signal, like the MCS
830, can be shifted with respect to the module clock signal such that a rising edge 801 of
the clock signal is near a right edge of a data eye of the MCS, barely providing enough hold
time for proper sampling of the module control signal. Or, ever worse, the module control
signal, like the MCS 840, can be so shifted with respect to the module clock signal such
that a rising edge 801 of the clock signal falls in the glitches 803 at the edge of a data eye

of the MCS, meaning that the sampled results could be metastable.

[0072] In one embodiment, as shown in FIG. 9, a receiver circuit 630 includes a
metastability detection circuit (MDC) 910 to determine a metastability condition in a
corresponding module control signal MCSO. In one embodiment, the MDC 910 generates
at least one delayed version of the module clock signal CK and at least one delayed version
of the corresponding MCSO0. The MDC 910 also generates one or more metastability

indicators and outputs the one or more metastability indicators via lines 912 and/or 914.

[0073] The receiver circuit 630 further includes a signal selection circuit 920 that receives
the module clock CK and the at least one delayed version of the module clock via signal
lines 916. The signal selection circuit 920 also receives the corresponding MCS and the at
least one delayed version of the corresponding MCS via signal lines 918. The signal
selection circuit 920 selects a clock signal CK; from among the module clock CK and the at
least one delayed version of the module clock based on one or more of the metastability
indicators. The signal selection circuit 920 may also select an MCS signal MCS; from
among the corresponding MCS and the at least one delayed version of the corresponding

MCS based on at least one other metastability indicator.
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[0074] The receiver circuit 630 further includes a sampler or register circuit 930 that
samples the selected module control signal MCS; according to the selected clock signal CK;
and outputs the sampled signal as the received module control signal, which is provided to
the command processing circuit 640 for further processing (if needed) before being

provided to the DQ routing circuits 320 and DQS routing circuit 620.

[0075] FIG. 10A illustrates an MDC 910 according to one embodiment. As shown, the
MDC 910 includes a delay circuit 1012 that generates a delayed version MCS1 of the
corresponding MCSO by adding a predetermined amount of delay (e.g., 10ps) to MCSO.
MDC 910 also includes a delay circuit 1016 that generates a delayed version CK1 of the
clock signal CKO by adding a predetermined amount of delay to CKO. In one embodiment,
CK1 is delayed from CKO by about 1/10th of a clock cycle, e.g., 50-70 ps for an operating
frequency of about 1600 MHz. The MDC 910 further includes a sampler circuit 1042 that
samples MCS1 according to CKO and outputs a sampled result A, a sampler circuit 1044
that samples MCSO according to CKO and outputs a sampled result B, and a sampler circuit
1046 that samples MCSO according to CK1 and outputs a sampled result C. The MDC 910
further includes a logic circuit (e.g., a majority decision circuit) that generates metastability

indicators Z1 and Z2 based on the sampled results A, B, and C.

[0076] In one embodiment, Z1 is the result of a logic operation (e.g., an XINOR operation)
on the sampled result, e.g., Z1 = A@B, and Z2 is the result of another logic operation on
the sampled results, e.g., Z2 = B@C. Thus, as shown in FIG. 10B and Table 1 below, when
a metastability condition of insufficient hold time occurs, i.e., a rising clock edge 1061 of
CKO is close to the right side of a data eye where gliches at the edges of the data eyes can
make C unpredicatable, A and B can be in agreement (i.e., Z1 is true) while B and C are
likely not in agreement (i.e., Z2 is false). FIG. 10 C illustrates a metastability condition
when there is insufficient set-up time. As shown in FIG. 10C and Table 1 below, a rising
clock edge 1061 of CKO is close to the left side of a data eye where gliches at the edges of
the data eyes can make A unpredicatable. Thus, A and B can be in disagreement so Z1 is
false while B and C can be in agreement so Z2 is true. Not shown in the figures is the

situation that all A, B, and C are in agreement, meaning that both the rising clock edge
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1061 of CKO and the rising clock edge 1062 of CK1 are near the middle of an MCSO data

eye so there is no metastability issues and both Z1 and Z2 are true, as shown in Table 1.

[0077] FIG. 10D illustrates a signal selection circuit 920 according to an embodiment. As
shown, in one embodiment, the signal selection circuit 920 includes a first multiplexor
1071 that selects between CKO and CK1 based on the metastability indicator Z1, and a
second multiplexor 1072 that selects between MCSO and MCS1 based on the metastability
indicator Z2. Thus, as shown in Table 1, where a metastability condition of insufficient
hold time occurs, Z1=1 and Z2=0, and MCS1 is output from multiplexor 1071 while CKO
is output from multiplexor 1072. Sampler 930 thus samples MCS1 according to the rising
edges of CKO. Thus, more hold time is provided to mitigate the metastability condition
since MCST1 is shifted from MCSO toward the right.

[0078] On the other hand, where a metastability condition of insufficient set-up time
occurs, Z1=0 and Z2=1, and CKI1 is output from multiplexor 1071 while MCSO is output
from multiplexor 1072. Sampler 930 thus samples MCSO0 according to the rising edges of
CK1. Since CK1 is shifted from CKO toward the right, more set-up time is provided to

mitigate the metastability condition.

[0079] In the case when no metastability is detected, Z1=1 and Z2=1, and CKO is output
from multiplexor 1071 while MCSO is output from multiplexor 1072. So, the unshifted

module control signal is sampled according to the unshifted module clock signal.

Table 1 Metastability Detection and Signal Selection

Sampler Output | MS Indicators Signal Selection
MS Condition

A B C Z1 72 CK MCS

D1 | D1 | D2 1 0 insufficient hold time CKO MCS1

D1 | D2 | D2 0 1 insufficient set-up time CK1 MCSO

D1 | D1 | DI 1 1 no metastability CKO MCSO

[0080] FIGS. 10A-10D illustrate a relatively simple implementation of the metastability
detection circuit (MDC) 910 where only three different sample points are provided to
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detect metastability condition in the module control signal. In general, the MDC 910 may
generate more delayed versions of the module clock signal CKO and/or the corresponding
module control signal MCSO, and may include more sampler circuits to sample any
additional delayed versions of the module control signal according to either the module
clock signal or one of the delayed versions of the module clock signal. For example, as
shown in FIG. 11A, the MDC 910 can include a plurality of delay circuits 1102 that
generate m delayed versions of MCSO0, e.g., MCS1, MCS2, ... MCSm, and m delayed
versions of CKO, eg., CKl1, CK2, ..., CKm. The MDC 910 can include sampler circuits
1104 that sample MCSO according to CKO, CK1, ..., CKm, respectively, and sampler
circuits 1104 that sample MCS0O, MCS1, MCS2, ... MCSm according to CKO, respectively.
The outputs of the samplers 1104 are provided to a logic circuit 1120, which determines a
metastability condition in MCKO based on the sampler outputs using, for example, a
majority decision logic. The logic circuit 1120 outputs a first metastability indicator on

line(s) 912 and a second metastability indicator on line(s) 914.

[0081] FIG. 11B illustrates a signal selection circuit 920 according to an embodiment. As
shown, in one embodiment, the signal selection circuit 920 includes a first multiplexor
1171 that selects between CKO, CKI1, ..., CKm based on the metastability indicator
provided on line(s) 912, and a second multiplexor 1172 that selects between MCSO,
MCSI1, ..., MCSm based on the metastability indicator provided on line(s) 914, such that
the rising edges of the selected clock signal, e.g., Cki, are close to the middle of the
respective data eyes in the selected module control signal, e.g., MCSi. The selected signals
MCSi and Cki are provided to the sampler 930, which samples MCS;i according to the

rising edges of CKi.

[0082] As stated above, in certain embodiments, since the isolation devices 118 are in the
data paths between the MCH 101 and the respective groups of memory devices 112, the
MCH 101 does not have direct control of the memory devices 112. Thus, conventional
read/write leveling techniques are not sufficient for managing read/write data timing. In
one embodiment, the isolation devices 118 includes signal alignment mechanism to time

the transmission of read data signals based on timing information derived from a prior
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write operation, as discussed further below.

[0083] FIG. 12Ais a timing diagram for a write operation according to one embodiment.
As shown, after a write command W/C associated with the write operation is received by
the module control circuit 116 at time tl1, the module control circuit 116 outputs one or
more enable signals EN at time t2 in response to the write commands. The one or more
enable signals are received by an isolation device 118 at time t3, which afterwards receives
one or more strobe signal DQS from the MCH 101 at time t4. Note that the same enable
signal may be received by another isolation device 118 at time t3’, which can be in a
different cycle of the system clock MCK from the cycle which t3 is in. The time interval
between t4 and tl is consistent with a write latency W.L. associated with the system 100,
and is controllable by the MCH 101 and knowable to the isolation device 118. The time
interval between t4 and t3, referred to hereafter as an enable-to-write data delay EWD, can
be determined by the isolation device 118 since both these signals are received by the
isolation device. Based on such determination, the isolation device 118 can have
knowledge of the time interval between (3 and tl, referred to hereafter as a
command-to-enable delay CED, which can be used by the isolation device 118 to properly

time transmission of read data to the MCH, as explained further below.

[0084] FIG. 12B is a timing diagram for a read operation according to one embodiment.
As shown, after a read command R/C associated with the read operation is received by the
module control circuit 116 at time t5, the module control circuit 116 outputs one or more
enable signals EN at time t6 in response to the read commands. The one or more enable
signals are received by an isolation device 118 at time t7, which afterwards receives at time
18 read data signals (not shown) and one or more strobe signal DQS from the respective
group of memory devices. Note that the same enable signal may be received by another
isolation device 118 at time t3’, which can be in a difterent cycle of the system clock MCK
from the cycle which t3 is in. Thus, the enable signals alone cannot be used to time the

transmission of the read signals by the isolation devices 118.

[0085] With knowledge of the time interval between t7 and t5, which should be about the
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same as the time interval between t3 and tl, i.e., the command-to-enable delay CED, in
certain embodiments, the isolation device can add a proper amount of delay to the read data
signals and the one or more DQS signal such that the read data signals and the one or more
DQS signal are transmitted at time t9 by the isolation device to the MCH 101 via the
respective group of data/strobe signal lines 130, with the time interval between t9 and t5

being consistent with a read latency R L. associated with the system 100.

[0086] The time interval between t4 and t3, i.e., the enable to write data delay EWD, is
determined by the delay control circuit 650 in the ID control circuit 310, as shown in FIG.
6. According to one embodiment, as shown in FIG. 13, the delay control circuit 650
includes a peramble detector 1310 to detect a write preamble in the DQS, a flip-flop circuit
1320 having an enable input EN receiving one of the module control signals and a clock
input CK receiving the buffered module clock signal CKO, and a counter circuit 1330
having a Start input receiving the one of the module control signals, a Stop input receiving
an output of the flip-flop circuit 1320. Thus, the output of the counter circuit, i.e., the delay
signal DS, would indicate a time interval from when the write preamble is detected and

when the one of the module control signal is received.

[0087] FIG. 14 illustrates a DQ or DQS routing circuit 320 or 620 according to an
embodiment. As shown, the DQ/DQS routing circuit 320/620 includes a DQ/DQS pin 1401
that is coupled to the corresponding DQ/DQS signal line 322/324, a set of one or more
DQS pins 1402 that is coupled to a corresponding module DQ/DQS line(s) Y/Ypgs, or
YA/YApgs and YB/YBpgs. The DQ/DQS routing circuit 320/620 further includes a write
strobe buffer 1410 that buffers write data/strobe, and a write data/strobe receiver 1420 that
samples the write data/strobe. The DQ/DQS routing circuit 320/620 further includes a
plurality of write paths 1430 that are selectable or can be selectively enabled by one or

more of the module control signals, such as the enable signals ENA and ENB.

[0088] The DQS routing circuit further includes a plurality of read paths 1450 that are
selectable by the one or more of the module control signals. Output from the seleted read

path is delayed in a delay circuit 1460 by an amount controlled by the delay signal DS, and
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sampled by a sampler circuit 1470. The sampled read data/strobe is transmitted by
transmitter 1480 onto the corresponding data/strobe signal line 322/324 via the DQ/DQS

pin 1401.

[0089] FIG. 15 illustrates a DQS routing circuit 620 according to an embodiment. As
shown, the DQS routing circuit 620 includes a first DQS pin 1501 that is coupled to a
corresponding DQS signal line 324, a second DQS pin 1502A that is coupled to a
corresponding module DQS line YApgs, a third DQS pin 1502B that is coupled to a
corresponding module DQS line YBpgs. The DQS routing circuit 620 further includes a
first write strobe path coupled between the first DQS pin 1501 and the second DQS pin
1502A and a second write strobe path coupled between the first DQS pin 1501 and the third
DQS pin 1502B. The first write strobe path includes a write strobe buffer 1510 that buffers
a write strobe, a write strobe receiver 1520 that samples the write strobe according to the
buffered module signal CKO. The sampled write strobe is provided to the DQ routing
circuits 320 as the write strobe WDQS. The first write strobe path further includes a first
write strobe transmitter 1530A that transmits the write strobe to one or more memory
devices 112 coupled to the module strobe line YApqgs. The second write strobe path
includes the write strobe buffer 1510, the write strobe receiver 1520, and a second write
strobe transmitter 1530B that transmits the write strobe to one or more memory devices 112
coupled to the module strobe line YBpgs. The first and second write strobe transmitters,
1530A and 1530B, are controlled by two enable signals, ENA and ENB, respectively, such
that the first write strobe path and the second write strobe path can be selectively

enabled/disabled by the enable signals, ENA and ENB.

[0090] The DQS routing circuit further includes a read strobe path coupled between the
first DQS pin 1501 and a selected one of the second and third DQS pins 1502A and 1502B.
In the read strobe path, a select circuit 1550 (e.g., a multiplexor) selects either a read strobe
signal received via DQS pin 1502A or a read strobe signal received via DQS pin 1502B
based on one or both of the enable signals ENA or ENB. The selected read strobe signal is
delayed in a delay circuit 1560 by an amount controlled by the delay signal DS, and

sampled by a sampler circuit 1570 according to the buffered module clock signal CKO. The

26

Micron Technology Inc. et al.
Ex. 1032, p. 41



sampled read strobe is provided to the DQ routing circuits 320 as the read strobe RDQS
and 1s transmitted by transmitter 1580 onto the corresponding strobe signal line 324 via the

first DQS pin 1501.

[0091] FIG. 16 illustrates a DQ routing circuit 320 according to an embodiment. As
shown, the DQ routing circuit 320 includes a first DQ pin 1601 that is coupled to a
corresponding DQ signal line 130, a second DQ pin 1602A that is coupled to a
corresponding module DQ line YApq, a third DQ pin 1602B that is coupled to a
corresponding module DQ line YBpo. The DQ routing circuit 320 further includes a first
write data path coupled between the first DQ pin 1601 and the second DQ pin 1602A and a
second write data path coupled between the first DQ pin 1601 and the third DQ pin 1602B.
The first write data path includes a write data buffer 1610, a write data receiver 1620 that
samples write data according to the write strobe WDQS from the DQS routing circuit 620,
and a first write data transmitter 1630A that transmits the write data to one or more
memory devices 112 coupled to the module data line YApo. The second write data path
includes the write data buffer 1610, the write data receiver 1620, and a second write data
transmitter 1630B that transmits the write data to one or more memory devices 112 coupled
to the module data line YBpg. The first and second write data transmitters, 1530A and
1530B, are controlled by two enable signals, ENA and ENB, respectively. Thus, the first
write data path and the second write data path can be selectively enabled/disabled by the
enable signals, ENA and ENB.

[0092] The DQ routing circuit further includes a read data path coupled between the first
DQ pin 1601 and a selected one of the second and third DQ pins 1602A and 1602B. In the
read data path, a select circuit 1650 (e.g., a multiplexor) selects either a read data signal
received via DQ pin 1602A or a read data signal received via DQ pin 1602B based on one
or both of the enable signals ENA or ENB. The selected read data signal is delayed in a
delay circuit 1660 by an amount controlled by the delay signal DS. The delayed read data
signal is then sampled by a receiver circuit 1670 according to the read strobe RDQS from
the DQS routing circuit 620, and transmitted by transmitter 1680 onto the corresponding

data signal line 130 via the first DQ pin 1601.
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[0093] FIG. 17 illustrate a delay circuit 1560 or 1660 according to an embodiment. As
shown, the delay circuit 1560 or 1660 includes a plurality of delay stages, such as delay
stages 1710, 1720, and 1730, each delaying a read data or read strobe signal from the select
circuit 1550/1650 by a predetermined amount. The delay circuit 1560 or 1660 further
includes a select circuit 1740 (e.g., a multiplexor) that selects from among the read data or
read strobe signal and the outputs from the delay stages according to the delay signal DS.
The output of the select circuit 1740, is provided to the sampler circuit 1570 or 1670, either

directly or after being buffered by a buffer circuit 1750.

[0094] Thus, as shown in FIG. 18, in one embodiment, a memory module 110 operates in
the memory system 100 according to a method 1800. In the method, during a write
operation, one or more module control signals are received by an isolation device 118 from
a module control circuit or module controller 116 (1810). The module controller 116
generates the one or more module control signals in response to C/A signals representing a
write command from the MCH 101. The one or more module control signals are used to
control the isolation device 118. For example, the one or more module control signals may
include one or more first enable signals to enable a write path to allow write data be
communicated to a selected subgroup of memory devices among the group of memory
devices coupled to the isolation device 118. After a time interval from receiving the one or
more first enable signals, write data DQ and write strobe DQS are received by the isolation
device 118 from the MCH 101 (1820). In one embodiment, upon receiving the one or more
first enable signal, a counter is started, which is stopped when the write data DQ or write
strobe DQS is received. Thus, a time interval EWD between receiving the one or more first

enable signals and receiving the write strobe signal DQS is recorded.

[0095] Since the time interval between the arrival of the command signals from the MCH
101 and the arrival of the write data/strobe signal DQ/DQS from the MCH 101 is a set
according to a write latency parameter associated with the system 100, the time interval
EWD can be used to ascertain a time interval CED between the time when a command
signal is received by the memory module 110 and the time when the one or more enable

signals are received by the isolation device 118. The time interval CED can be used by the
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isolation device 118 to properly time the transmission of read data to the MCH 101, as

described above and explained further below.

[0096] As shown in FIG. 18, a delay signal DS is generated according to the time
interval EWD (1830). Concurrent to receiving the write strobe signal DQS, the isolation
device 118 also receives a set of write data signals DQ (1840). The received write data
signals are transmitted to the subgroup of memory devices (1850), which are selected from
the group of memory devices coupled to the isolation device 118 by the one or more first

enable signals.

[0097] During a read operation, another set of module control signals including, for
example, one or more second enable signals, are received by the isolation device 118 from
the module controller 116 (1860). The one or more second enable signals are generated by
the module controller 116 in response to read command signals received from the MCH
101, and are used by the isolation device 118 to select a subgroup of memory devices from
which to receive read data. Afterwards, a read strobe signal DQS and a set of read data
signal DQ are received from the selected subgroup of memory devices (1870). To properly
time the transmission of the DQS and DQ signals to the MCH 101, the DQS and DQ
signals are adjusted (e.g., delayed) according to the delay signal DS, such that the DQS and
DQ signals follow a read command by a time interval consistent with a read latency

parameter associated with the system 100.

[0098] In certain embodiments, especially the embodiments shown in FIG. 2D, the delay
circuits 1560 and 1660 shown in FIGS. 15 and 16 are not needed to provide alignment of
the read data. As shown in FIG. 19, the ID control circuit 310 includes a clock regeneration
circuit 1920 that regenerates the clock signal CK received from the control circuit 116,
according to the delay signal DS. The regenerated clock signals CKO and CKM each
includes a proper amount of delay as compared to the clock signal CK. The clock CKO is
provided to the strobe routing circuit 620 so that the strobe signals are properly timed to
result in proper data alignment. The regenerated clock signal CKM is provided to the

respective set of memory devices so that the respective data buffer 118 and the respective
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set of memory devices are locally synchronized.
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WE CLAIM:

1. A memory module operable to communicate with a memory controller via a memory
bus, the memory bus including signal lines, the signal lines including a set of control/address
signal lines and a plurality of sets of data/strobe signal lines, the memory module
comprising:

a module board having edge connections for coupling to respective data/strobe signal
lines in the memory bus;

a module control device mounted on the module board and configured to receive
memory command signals from the memory controller via the set of control/address signal
lines and to produce module command signals and module control signals in response to the
memory command signals; and

memory devices mounted on the module board to perform a first memory operation in
response to the module command signals, the memory devices including a plurality of sets of
memory devices, each respective set of memory devices corresponding to a respective set of
the data/strobe signal lines; and

a plurality of butfer circuits mounted on the module board in positions corresponding
to respective sets of the plurality of sets of data/strobe signal lines, each respective buffer
circuit providing data paths between a respeciive set of the data/strobe signal lines and a
respective set of the plurality of sets of memory devices, the each respective buffer circuit
including logic that responds to the module control signals by enabling a subset of the data
paths for transmitting data and strobe signals corresponding to the first memory operation
between the respective set of the data/strobe signal lines and the corresponding set of the
plurality of sets of memory devices, wherein the logic is further configured to obtain timing
information based on signals received by the each respective buffer circuit during a second
memaory operation prior to the first memory operation and to control timing of the data and

strobe signals on the subset of the data paths in accordance with the timing information.

2. The memory module of claim 1, wherein the first memory operation is a memory

read operation and the second memory operation is a memory write operation.
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3. The memory module of claim 2, wherein the each respective buffer circuit includes
a delay control circuit that determines, during the memory write operation, a time interval
between receiving a first signal from the module control device and a second signal from the

memory controller, and wherein the timing information includes the time interval.

4, The memory module of claim 3, wherein the each respective buffer circuit further
receives a module clock signal and further includes a clock regeneration circuit that
regenerates a local clock signal having a programmable phase relationship with the module
clock signal, the each respective buffer circuit outputting the local clock signal to the
respective set of the plurality of sets of memory devices, the respective set of the plurality of
sets of memory devices performing the first memory operation in accordance with the local

clock signal.

5. The memory module of claim 3, wherein each of the plurality of buffer circuits has a

data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte.

6. The memory module of claim 5, wherein the module command signals include chip
select signals that select one memory device in each of the plurality of sets of memory

devices to perform the first memory operation.

7. The memory module of claim 5, wherein each of the plurality of butfer circuits has a

data width of 1 byte, and wherein each of the memory devices has a data width of 4 bits.

8. The memory module of claim 7, wherein the module command signals include chip
select signals that select two memory devices in each of the plurality of sets of memory

devices to perform the first memory operation.

9. The memory module of claim 1, wherein the each respective buffer circuit further
recetves a module clock signal from the module control device and further includes a
receiver circuit for each of the module control signals, the receiver circuit including a
metastability detection circuit to determine a metastability condition in the each of the

module control signals with respect to the module clock signal.

32

Micron Technology Inc. et al.
Ex. 1032, p. 47



10. The memory module of claim 9, wherein each of the plurality of buffer circutts has a

data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte.

11. The memory module of claim 10, wherein the module command signals include chip
select signals that select one memory device in each of the plurality of sets of memory

devices to perform the first memory operation.

12. The memory module of claim 9, wherein each of the plurality of buffer circuits has a

data width of 1 byte, and wherein each of the memory devices has a data width ot 4 bits.

13. The memory module of claim 12, wherein the module command signals include chip
select signals that select two memory devices in each of the plurality of sets of memory

devices to perform the first memory operation.

14. The memory module of claim 1, wherein the each respective butter circuit further
receives a module clock signal and further includes a clock regeneration circuit that
regenerates a local clock signal having a programmable phase relationship with the module
clock signal, the each respective buffer circuit outputting the local clock signal to the
respective set of the plurality of sets of memory devices, the respective set of the plurality of
sets of memory devices performing the first memory operation in accordance with the local

clock signal.

15. The memory module of claim 14, wherein the selected subset of the data paths
include a first path for transmitting a strobe signal among the data and strobe signals, the first
path including a sampler that samples the strobe signal in accordance with the local clock

signal.

16. The memory module of claim 15, wherein the selected subset of the data paths
include a second path for transmitting a data signal among the data and strobe signals, the
second path including a sampler that samples the data signal in accordance with the sampled

strobe signal.
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17. The memory module of claim 14, wherein each of the plurality of buffer circuits has a

data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte.

18. The memory module of claim 17, wherein the module command signals include chip
select signals that select one memory device in each of the plurality of sets of memory

devices to perform the first memory operation.

19. The memory module of claim 14, wherein each of the plurality of buffer circuits has a

data width of 1 byte, and wherein each of the memory devices has a data width ot 4 bits.

20. The memory module of claim 19, wherein the module command signals include chip
select signals that select two memory devices in each of the plurality of sets of memory

devices to perform the first memory operation.
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MEMORY MODULE WITH DISTRIBUTED DATA BUFFERS AND

METHOD OF OPERATION

ABSTRACT OF THE DISCLOSURE

A memory module is operatable in a memory system with a memory controller. The
memory module comprises a module control device mounted on the module board to
receive command signals from the memory controller and to output module command
signals and module control signals, and memory devices mounted on the module board to
perform a first memory operation in response to the module command signals. The memory
module further comprises a plurality of buffer circuits distributed across a surface of the
module board. Each respective buffer circuit is associated with a respective set of the
memory devices and includes logic that is configured to obtain timing information based on
signals received by the each respective buffer circuit during a second memory operation
prior to the first memory operation and to control timing of the data and strobe signals

through the each respective buffer circuit in accordance with the timing information.
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/426,064

Projected Publication Date: 05/25/2017
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title
MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA
BUFFERS

Preliminary Class
711

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

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).
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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).

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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Publication Date:05/25/2017

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 Office of
Public Records. The Office of Public Records 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, Office of
Public Records, 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 http://pair.uspto.gov/. 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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Application No. Applicant(s)
15/426,064 LEE ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
MICHAEL SUN 2184 ,S\l‘g“‘s

-- 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
)X Responsive to communication(s) filed on 2/07/2017.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5[ Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) is/are allowed.

7)X Claim(s) 1-20 is/are rejected.

8)[] Claim(s is/are objected to.

9] 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

)
)
)

hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 2/07/2017 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[] Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l Other-
Paper No(s)/Mail Date . ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary I\/Iicron Téem"@rggdy./m@aé’@gy_o&s
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Application/Control Number: 15/426,064 Page 2
Art Unit: 2184

The present application is being examined under the pre-AlIA first to invent provisions.
DETAILED ACTION

Status of the Application

This Office Action is in response to Applicant’s Continuation filed on 2/07/2017.

Claims 1-20 are pending for this examination.

Obvious-Type Double Patenting

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where
the conflicting claims are not identical, but at least one examined application claim is not
patentably distinct from the reference claim(s) because the examined application claim is either
anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg,
140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d
2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van
Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on nonstatutory double patenting
provided the reference application or patent either is shown to be commonly owned with the

examined application, or claims an invention made as a result of activities undertaken within the

Micron Technology Inc. et al.
Ex. 1032, p. 89



Application/Control Number: 15/426,064 Page 3
Art Unit: 2184

scope of a joint research agreement. See MPEP § 717.02 for applications subject to examination
under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP
§§ 706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor
to file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR
1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the
form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/2S, or
PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely
online using web-screens. An eTerminal Disclaimer that meets all requirements is auto-
processed and approved immediately upon submission. For more information about eTerminal

Disclaimers, refer to www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

Claims 1-20 are provisionally rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-20 of copending Application No.
14/846,993, now US Patent No. 9,563,587; and claims 1-20 of copending Application No.
13/952,599, now US Patent No. 9,128,632. Although the conflicting claims are not identical,
they are not patentably distinct from each other because claims 1-20 of instant Application,
respectively contains every element of claims 1-20 of copending Application No. 14/846,993,
now US Patent No. 9,563,587; and claims 1-20 of copending Application No. 13/952,599, now
US Patent No. 9,128,632, as listed below, and as such anticipate the claims of the copending

application:
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Page 4

Claims Instant Application Claims copending Application No.
14/846,993, now US Patent
No. 9,563,587
Independent | A memory module operable to | Independent | A memory module operable to
claim 1 claim 1

communicate with a memory
controller via a memory bus,
the memory bus including
signal lines, the signal lines
including a set of
control/address signal lines and
a plurality of sets of data/strobe
signal lines, the memory
module comprising:

a module board having edge
connections for coupling to
respective data/strobe signal
lines in the memory bus;

a module control device
mounted on the module board
and configured to receive
memory command signals from
the memory controller via the
set of control/address

signal lines and to produce
module command signals and
module control signals in
response to the memory
command signals; and

memory devices mounted on
the module board to perform a
first memory operation in
response to the module
command signals, the memory
devices including a plurality of
sets of memory devices, each
respective set of memory
devices corresponding to a
respective set of the data/strobe
signal lines; and

a plurality of buffer circuits

communicate with a memory
controller via a memory bus,
the memory bus including
signal lines, the signal lines
including a set

of control/address signal lines
and a plurality of sets of
data/strobe signal lines, the
memory module comprising:

a module board including edge
connections for connecting to
respective ones of the signal
lines in the memory bus;

memory devices mounted on
the module board, including a
plurality of sets of memory
devices, each respective set of
memory devices corresponding
to a respective set of the
data/strobe signal lines;

buffer circuits mounted on the
module board in positions
corresponding to respective sets
of the plurality of sets of
data/strobe signal lines, each
respective buffer circuit being
coupled between a respective
set of the data/strobe signal
lines and a corresponding set of
memory devices; and

a module control device
mounted on the module board
and configured to receive
memory command signals from
the memory controller via the
set of control/address

Micron Technology Inc. et al.
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Page 5

mounted on the module board
in positions corresponding to
respective sets of the plurality
of sets of data/strobe signal
lines, each respective

buffer circuit providing data
paths between a respective set
of the data/strobe signal lines
and a respective set of the
plurality of sets of memory'
devices, the each respective
buffer circuit including logic
that responds to the module
control signals by enabling a
subset of the data paths for
transmitting data and strobe
signals corresponding to the
first memory operation between
the respective set of the
data/strobe signal lines and the
corresponding set of

the plurality of sets of memory
devices, wherein the logic is
further configured to obtain
timing information based on
signals received by the each
respective buffer circuit during
a second memory operation
prior to the first memory
operation and to control timing
of the data and strobe signals
on the subset of the data paths
in accordance with the timing
information.

signal lines and to control the
memory devices and the buffer
circuits in response to the
memory command signals;

wherein the each respective
buffer circuit is configured to
respond to one or more first
control signals from the module
control device by receiving
write data/strobe signals from
the respective set of data/strobe
signal lines and transmitting the
write data/strobe signals to the
corresponding set of memory
devices during a memory write
operation;

wherein the each respective
buffer circuit is further
configured to respond to one or
more second control signals
from the module control device
by receiving read

data/strobe signals from the
corresponding set of memory
devices and transmitting the
read data/strobe signals to the
memory controller via the
respective set of data/strobe
signal lines during a memory
read operation subsequent to the
memory write operation; and

wherein the each respective
buffer circuit is further
configured to time the
transmission of the read
data/strobe signals during the
read operation based on timing
information derived from
receiving the one or more first
control signals and the write
data/strobe signals during the

Micron Technology Inc. et al.
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Application/Control Number: 15/426,064 Page 6
Art Unit: 2184

| | write operation.

Analysis

Examiner points out that the instant claim language is similar to the claim
language of copending Application No. 14/846,993, now US Patent No.
9,563,587, and as such would be rendered obvious over the already allowed
claim language of copending Application No. 14/846,993, now US Patent No.

9,563,587.

Likewise, the dependent claims of the above cited independent claims carry similar

limitations to each other respectively.

Claims Instant Application Claims copending Application No.
13/952,599, now US Patent
No. 9,128,632
Independent | A memory module operable to | Independent | A memory module to operate in
claim 1 claim 1

communicate with a memory
controller via a memory bus,
the memory bus including
signal lines, the signal lines
including a set of
control/address signal lines and
a plurality of sets of data/strobe
signal lines, the memory
module comprising:

a module board having edge
connections for coupling to
respective data/strobe signal
lines in the memory bus;

a module control device
mounted on the module board
and configured to receive
memory command signals from
the memory controller via the
set of control/address

signal lines and to produce
module command signals and
module control signals in
response to the memory
command signals; and

a memory system with a
memory controller, the memory
system operating according to a
system clock, the memory
system including a memory bus
coupling the memory module to
the memory controller, the
memory bus including a set of
control/address signal lines and
a plurality of sets of data/strobe
signal lines, the memory
module comprising:

a module control device to
receive memory command
signals from the memory
controller and to output module
command signals and module
control signals in response to
each of the memory command
signals;

memory devices organized in
groups, each group including at
least one memory device, the
memory devices receiving the
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memory devices mounted on
the module board to perform a
first memory operation in
response to the module
command signals, the memory
devices including a plurality of
sets of memory devices, each
respective set of memory
devices corresponding to a
respective set of the data/strobe
signal lines; and

a plurality of buffer circuits
mounted on the module board
in positions corresponding to
respective sets of the plurality
of sets of data/strobe signal
lines, each respective

buffer circuit providing data
paths between a respective set
of the data/strobe signal lines
and a respective set of the
plurality of sets of memory'
devices, the each respective
buffer circuit including logic
that responds to the module
control signals by enabling a
subset of the data paths for
transmitting data and strobe
signals corresponding to the
first memory operation between
the respective set of the
data/strobe signal lines and the
corresponding set of

the plurality of sets of memory
devices, wherein the logic is
further configured to obtain
timing information based on
signals received by the each
respective buffer circuit during
a second memory operation
prior to the first memory
operation and to control timing

module command signals from
the module control device

and performing one or more
memory operations in
accordance with the module
command signals; and

a plurality of buffer circuits to
receive the module control
signals, each respective buffer
circuit corresponding to a
respective group of memory
devices and coupled between
the respective group of memory
devices and a respective set of
the plurality of sets of
data/strobe signal lines, the
respective buffer circuit
including data paths for
communicating data

between the memory controller
and the respective group of
memory devices, the data paths
being controlled by at least one
of the module control signals;
and

wherein the plurality of buffer
circuits are distributed across a
surface of the memory module
in positions corresponding to
respective sets of the plurality
of sets of data/strobe

signal lines such that each
module control signal arrives at
the plurality of buffer circuits at
different points in time, and

wherein the each respective
buffer circuit is configured to
determine a respective time
interval based on signals
received by the each respective
buffer circuit during a memory
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of the data and strobe signals
on the subset of the data paths
in accordance with the timing
information.

write operation and is further
configured to time transmission
of a respective set of read data
signals received from the
respective group of memory
devices in accordance with the
time interval and a read latency
parameter of the memory
system during a memory read
operation.

Analysis | Examiner points out that the instant claim language is similar to the claim

9,128,632.

language of copending Application No. 13/952,599, now US Patent No.
9,128,632, and as such would be rendered obvious over the already allowed
claim language of copending Application No. 13/952,599, now US Patent No.

Likewise, the dependent claims of the above cited independent claims carry similar

limitations to each other respectively.

This is a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

Allowable Subject Matter

Claims 1-20 are allowed.

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

Prior art teaches memory module systems arranged into respective groups of memory

devices, memory module systems with buffered memory modules, and memory module systems

that implement delays for transmitting signals to the memory devices of each module, however,
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the prior art does not fairly teach or suggest, individually or in combination, a memory module
system with a plurality of buffers mounted in positions corresponding to the respective sets of
data / strobe signal lines, each buffer providing data paths between the data / strobe signal lines
and a set of memory devices and including logic that responds to control signals by enabling the
data paths corresponding to memory operations between the data / strobe signal lines and the
memory devices, wherein the logic is configured to obtain timing information based on signals
received by the buffers during a second memory operation prior to the first memory operation
and to control timing of the data and strobe signals on the data paths in accordance with the
obtained timing information as claimed. These limitations find support in Applicant’s
Specification on Pages 5-30. The prior art of record neither anticipates nor renders obvious the

above recited combination.

As allowable subject matter has been indicated, applicant's reply must either comply with
all formal requirements or specifically traverse each requirement not complied with. See 37

CFR 1.111(b) and MPEP § 707.07(a).

Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michael Sun whose telephone number is 571-270-1724. The

examiner can normally be reached on Mondays to Thursdays from 6:30 am to 5:00 pm.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dr. Henry Tsai, can be reached at (571) 272-4176. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free).

/MICHAEL SUN/

Primary Examiner, Art Unit 2184

Micron Technology Inc. et al.
Ex. 1032, p. 97



Application/Control No. Applicant(s)/Patent Under
15/426,064 ﬁEerE-?rition
Notice of References Cited . .
Examiner Art Unit
MICHAEL SUN 2184 Page 1 of 1
U.S. PATENT DOCUMENTS
Coumfj?o“;g_‘;';‘m'igf_”g‘:; Code MM?@?YY Name CPC Classification US Classification
A | US-8,565,033 B1 10-2013 Manohararajah; Valavan G11C29/028 365/129
B | US-2014/0029370 A1 01-2014 KOSHIZUKA; Atsuo G11C7/1051 365/233.13
c | US-2006/0077731 A1 04-2006 Ware; Frederick A. G11C5/04 365/194
D | US-2007/0217559 A1 09-2007 Stott; Bret G. G11C7/1051 375/355
E | US-2010/0271092 A1 10-2010 Zerbe; Jared L. G06F13/4243 327/161
F | US-8,214,616 B2 07-2012 Ware; Frederick A. G06F13/1684 711/104
G | US-8,949,519 B2 02-2015 Rajan; Suresh Natarajan G11C5/02 365/189.2
H | US-2002/0039323 A1 04-2002 Tokutome, Hiroto G11C7/1066 365/233.12
I US-2008/0037412 A1 02-2008 Geile; Michael J. GO06F17/14 370/208
J | US-7,884,619 B1 02-2011 Chong; Yan G01R31/3016 324/601
K | US-2012/0256639 A1 10-2012 Pausini; Marco GO01R31/31709 324/613
L | USs-
M | US-
OREIGN PATENT DOCUMENTS
Countr??o%?—?\l?m’\tizrzig Code MME??\((—:‘YY Country Name CPC Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
A
W
X

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

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

Notice of References Cited

Part of Paper No. 20170528

Micron Technology Inc. et al.

Ex. 1032, p. 98




Index of Claims

15426064

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

Reexamination
LEE ET AL.

Examiner

MICHAEL SUN

Art Unit

2184

v Rejected -

Cancelled

Non-Elected A Appeal

= Allowed =

Restricted

Interference o) Objected

O Claims renumbered in the same order as presented by applicant

O cpa O T.D. O R.1.47

CLAIM

DATE

Final Original [05/29/2017

1 v

Olo|N[lO|O|B|W|N

-
o

-
n

-
w

o
~

-
[4)]

-
o

—_
~

-
o]

-
©0

NNENENENENENENENENENENVENENENENENEN RN BN

N
o

U.S. Patent and Trademark Office

Part of Paper No. : 20170528

Micron Technology Inc. et al.
Ex. 1032, p. 99




Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

15426064 LEE ET AL.
MICHAEL SUN 2184
CPC- SEARCHED
Symbol Date Examiner
limited search of GO6F 1/12 5/28/2017 MS
limited search of GO6F 13/1689 5/28/2017 MS
limited search of GO6F 12/0246 5/28/2017 MS
limited search of GO6F 13/1694 5/28/2017 MS
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
SEARCH NOTES
Search Notes Date Examiner

EAST Search - see attached

5/28/2017 MS

Inventor Search - see attached EAST Search

5/28/2017 MS

limited EAST Search of class/subclasses 710/5 and 6

5/28/2017 MS

limited EAST Search of class/subclasses 711/1, 2, 3, 4, 154, and 155

5/28/2017 MS

INTERFERENCE SEARCH

US Class/
CPC Symbol

US Subclass / CPC Group

Date Examiner

/MICHAEL SUN/
Primary Examiner, Art Unit 2184

U.S. Patent and Trademark Office

Micron Technotetyy hac Net &l.70528
Ex. 1032, p. 100




EAST Search History

EAST Search History

EAST Search History (Prior Art)

EASTSearchHistory.15426064_AccessibleVersion.htm[5/29/2017 8:35:35 AM]

Ref iiHits Search Query DBs Default iiPlurals jiTime
# Operator Stamp
5136 §4815 memory module and timing US-PGPUB; ADJ ON 2017/05/28
signal USPAT; USOCR; 14:00
EPO; DERWENT;
IBM_TDB
S137 {1994 $136 and memory controller US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR; 14:00
EPO; DERWENT;
IBM_TDB
$138 1206 S$137 and operating speed US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR; 14:00
EPO; DERWENT;
IBM_TDB
$139 ii62 S$138 AND ( (GOBF1/12 CR US-PGPUB; ADJ ON 2017/05/28
GOBF13/1689 OR COBF12/0248 {USPAT; USOCR,; 14:00
OR G06F13/1694).CPC. ) EPO; DERWENT;
IBM_TDB
$140 62 $139 and buffer US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
S141 462 5140 and ((data or strobe) near2 i{US-PGPUB; ADJ ON 2017/05/28
signal) USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
S$142 ii62 S141 and (read or write) US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
5143 i34 $142 and memory bus US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
S144 5 $143 and command signal US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
S145 #4446  i(lee, hyun).in. US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
S$146 {107 (bhakta, jayesh).in. US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:00
EPO; DERWENT;
IBM_TDB
S$147 ii554514 {buffer and memory and (data or {US-PGPUB; ADJ ON 2017/05/28
strobe) and (read or write) USPAT; USOCR; 14:02
EPO; DERWENT;
IBM_TDB
P i i i y ;
Micron Technology Inc. et al.

Ex. 1032, p. 101



EAST Search History

S$148 {55223 #S147 and ((determin$5 or US-PGPUB; ADJ ON 2017/05/28
calculat$3) with (time interval or $USPAT; USOCR; 14.02
delay)) EPO; DERWENT;

IBM_TDB

S149 124 S$147 and ((determin$5 or US-PGPUB; ADJ ON 2017/05/28
calculat$3) with (time interval or {USPAT; USOCR; 14.02
delay) with (first signal) with EPO; DERWENT;

(second signal)) IBM_TDB

S150 47 S$149 and (transmi$5 with (time {US-PGPUB; ADJ ON 2017/05/28

interval or delay)) USPAT; USOCR,; 14:02
EPO; DERWENT;
IBM_TDB

S151 728 (determining or calculating) with $US-PGPUB; ADJ ON 2017/05/28
(time interval or delay) with (first;{USPAT; USOCR,; 14:02
signal) with (second signal) EPO; DERWENT;

IBM_TDB

S152 i1 S$151 and memory controller and {US-PGPUB; ADJ ON 2017/05/28

buffer and memory bus USPAT; USCCR,; 14:02
EPO; DERWENT;
IBM_TDB

S153 15419 memory module and buffer and {US-PGPUB; ADJ ON 2017/05/28
memory device and memory USPAT; USCCR,; 14:04
controller and control signal and {{EPO; DERWENT;
command IBM _TDB

S154 §941 S153 and system clock US-PGPUB; ADJ ON 2017/05/28

USPAT; USOCR; 14:04
EPO; DERWENT;
IBM_TDB
S155 36 S154 and (write with (different  {US-PGPUB; ADJ ON 2017/05/28
near4 time)) USPAT; USOCR; 14:04
EPO; DERWENT;
IBM_TDB
S156 i{7 S$155 and (align$4 with read) US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:04
EPO; DERWENT;
IBM_TDB

S157 168977 {(deriving or timing or calculating)i{US-PGPUB; ADJ ON 2017/05/28

with (delay or latency) USPAT; USOCR; 14:04
EPO; DERWENT;
IBM_TDB

S158 #2026 S$157 and read and write and US-PGPUB; ADJ ON 2017/05/28
strobe and memory module and {USPAT; USOCR; 14:04
controller EPO; DERWENT;

IBM_TDB
S159 {1667  {S158 and buffer US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR; 14:04
EPO; DERWENT;
IBM_TDB

S160 1640 S$159 and ((data or strobe) near4 {US-PGPUB; ADJ ON 2017/05/28

signal) USPAT; USOCR; 14:04
EPO; DERWENT;
IBM_TDB

S161 {321 S$160 and (timing with US-PGPUB; ADJ ON 2017/05/28

transmission) USPAT; USOCR; 14:04
EPO; DERWENT;
IBM_TDB

S162 62 S161 and (timing with US-PGPUB; ADJ ON 2017/05/28
transmission with read) with USPAT; USOCR; 14:04
write EPO; DERWENT;

EASTSearchHistory.15426064_AccessibleVersion.htm[5/29/2017 8:35:35 AM]

Micron Technology Inc. et al.

Ex. 1032, p. 102



EAST Search History

Lo llBv_TDB . ; s ;
S163 7700 memory module and buffer and {US-PGPUB; ADJ OFF 2017/05/28
tim$3 and (control signal or USPAT; USOCR,; 14:05
address signal) EPO; DERWENT;
IBM_TDB
S164 11622 S$163 and time interval US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
S§165 {1229 S$164 and delay US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
$166 1350 S$165 and (strobe signal and datai{US-PGPUB; ADJ ON 2017/05/28
signal) USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
S167 9 S166 and (time interval with US-PGPUB; ADJ ON 2017/05/28
(first signal and second signal)) USPAT; USCCR,; 14:05
EPO; DERWENT;
IBM_TDB
5168 9 S167 and memory controller US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:05
EPO; DERWENT;
IBM_TDB
S169 i#6 S$168 and time transmission US-PGPUB; ADJ ON 2017/05/28
USPAT; USOCR,; 14:05
EPO; DERWENT;
IBM_TDB
S170 {415 memory module and buffer and §US-PGPUB; ADJ OFF 2017/05/28
(control signal and address USPAT; USOCR; 14:05
signal and data signal and strobe {EPO; DERWENT;
signal) [BM_TDB
S171 §{{304 S$170 and delay US-PGPUB; ADJ OFF 2017/05/28
USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
S172 §151 S171 and time interval US-PGPUB; ADJ OFF 2017/05/28
USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
S173 132 S$172 and memory controller US-PGPUB; ADJ OFF 2017/05/28
USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
S174 148 S$173 and tim$3 transmission US-PGPUB; ADJ OFF 2017/05/28
USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB
S175 {13 S$174 and first signal and second {US-PGPUB; ADJ OFF 2017/05/28
signal USPAT; USOCR; 14:05
EPO; DERWENT;
IBM_TDB

EAST Search History (I nterference)

< This search history is empty>

5/29/2017 8:35:24 AM

EASTSearchHistory.15426064_AccessibleVersion.htm[5/29/2017 8:35:35 AM]

Micron Technology Inc. et al.

Ex. 1032, p. 103



EAST Search History

C:\ Users\ msun\ Documents\ EAST\ Workspaces\ 15426064.wsp

Micron Technology Inc. et al.

EASTSearchHistory.15426064_AccessibleVersion.htm[5/29/2017 8:35:35 AM] Ex. 1 032’ P. 104



PATENT Customer No. 79141

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant  : Netlist, Inc. CERTIFICATE OF EFS WEB
App.No.  : 15/426,064 TRANSMISSION
: . I hereby certify that this correspondence and
Filed ’ February 7’ 2017 any other attachment noted on the Automated
For - MEMORY MODULE WITH TIMING- Acknowledgement Receipt, is being
transmitted from within the Pacific Time zone
CONTROLLED DATA PATHS IN to the Commissio‘r}lver for Patents via the EFS
DISTRIBUTED DATA BUFFERS Web Server on:
Examiner . SUN, MICHAEL August 30, 2017
Art Unit © 2184 (Date)
Conf. No. : 9117 /Tamie J. Zheng/
Docket No. : N3044.100009US04 Jamie J. Zheng, Reg. No. 51167
AMENDMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:

Applicant hereby submits the following Amendment and remarks in response to the Non-
Final Office Action dated June 2, 2017 for the above-identified patent application.
The Commissioner is hereby authorized to charge any required fee(s) to Deposit Account

No. 50-5394.

AMENDMENTS to the CLAIMS begin on Page 2 of this paper.

REMARKS begin on Page 7 of this paper.

Micron Technology Inc. et al.
Ex. 1032, p. 105



1. (Currently Amended) A memory module operable to communicate with a memory
controller via a memory bus, the memory bus including signal lines, the signal lines including a
set of control/address signal lines and a plurality of sets of data/strobe signal lines, the memory

module comprising;

a module board having edge connections for coupling to respective « se-signal
fines in the memory bus;
a module control device mounted on the module board and configured to receive memory

command signals for a first memory operatien from the memory controller via the set of

control/address signal lines and to prod

se-output module command signals and module control
signals in response to the memory cornmand sigoals; and

menory devices mounted on the module board and configured to perform the-a first

memory operation in response to the module coromand signals, the roemory devices wchuding a

plurality of sets of memory devices gorresponding 1o respective sets of the plurality of sets of

Foto fotredie cromnl B ook 2 e A AT U NN et
data/strobe sigual lings-enshrespestivesetobmemon-dovices-corresponding-te-arrespostive-set

efthe-dataistrobestgnal-bines, and

a piuraiity of butter circuits mounted on the module board in positiﬁns corresponding to

circuit previdinge-date p;‘.t‘,:; of the plurality of buffer ¢ircuiis is coupled between a respective set

of the-data/strobe signal lines and a respective set of g ta-of memory devices, the

each respective buffer circuit including data paths for transmitting respective data and strobe

3

signals associated with the first memory eperation and logic s seonfigured to respond

to the module control signals by enabling ssubset-efithe data paths-dersransmitiine duta-and

. - o~
PR et e A HESSHOR 31 ot \{i SRR AR cationobhetean.dba AR Ve Tt ] Aot od sl
FUCHO TR v OO OO TRy Y S e AN I etV GV I M A A R ¢ i SR S M e R
O J
R . p . ) ~ g ~ ~ 4 .
{ndaioient foriaa by coandg thaone N bt o catnd b ohueaiitad 3 A T S TNt et RS P A W e Tl
SERTEL T Lo B 3 S YR R B N e 2 ATARINICI AV AV peans AT A 03 A PR R 2 N A R S S e e S A SAIN S

wherein the logic is further configured to obtain timing information based on gue or more signals
received by the each respective buffer circuit during a second memory operation prior to the first
¢ data and strobe signals on the-subset-of

memaory operation and to control timing of the respectiv

the data paths in accordance with the timming information.

2. (Original) The memory module of claim 1, wherein the first memory operation is a

memory read operation and the second memory operation is a memory write operation.

Attorney Docket Number N3044.10009US04 2 Amendment
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3. (Currently Amended) The memory module of claim 2, wherein the each respective buffer

3

circuit includes a delay control circuit-that-detesswines configured 1o determing, during the

memory write operation, a time interval between receiving a first signal from the module control

information includes the time interval.

4. (Currently Amended) The memory module of claim 3, wherein the each respective buffer

o

circuit ;s further gontigured 1o receive seserves-a module clock signal and further includes a

clock regeneration circuit configured 1o generate that-rogensrates-a local clock signal having a

programmable phase relationship with the module clock signal, wiiciein the each respective

buffer circuit is further configured (o output eut ae-the local clock signal to the respective set

ef-the-plurality-of sets-of memory devices;the-respective seb-ef-the-plurslity-of sefs-of memery

A
X

5. (Original) The memory module of claim 3, wherein each of the plurality of buffer circuits

has a data width of 1 byie, and wherein each of the memory devices has a data width of T byte.

6. (Currently Amended) The memory module of claim 2-$, svherein the memory devices arg
arranged 10 a plurality of ranks and the respective set of memory devices inglude one memnony

device from gach of the plurality of ranks, and wherein the module command signals include

chip select signals that select one memory device in_the respective set of memorv deviges {0

output the respective data and sivobe sionals 1o sccordance with the local clock signal

i’\"( walit £ cate. of meamani cdeaieas oo necharn-tha. flch araae LA AER TG
E 13 i% js-? - - Cvn A NS N S X -~ ¥ WY RN S -~ g.}\,‘! AOFURY SR NP S N o 8 RN \AJA? g.}\..‘! 9 NN,
7. (Currently Amended) The memory module of claim 3-8, wherein each of the plurality of

butter circuits has a data width of 1 byte, and wherein each of the memory devices has a data

width of 4 bits.

8. (Currently Amended) The memory module of claim 7, geherein the memeory devices are

arranged in a pluralitv of ranks and the respective set of memory devices include one memaory

devige from gach of the plurality of ranks, and wherein the module command signals include

chip select signals that select two memory devices in_tie respective set of memory devices to

ouinut the respective data and strobe stenals in aceordance with the local clock sienal the bwg

Attorney Docket Number N3044.10009US04 3 Amendment
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memory devices betng in a same rank-ensh-efthe-ploralitv-of sets-ehmemors-dovises-to-perfors

P T o SR R A L A
LRSI S N I L VR N N - R N J A i‘, NI T ONAY
9. (Currently Amended) The memory module of claim 1, wherein the each respective buffer

circuit is further configured to receive reesives-a module clock signal from the module control

device and further includes a receiver circuit for each of the module control signals, the recetver
circutt including a metastability detection circuit gonfigured to determine a metastability

T e T

condition in the each of the module control signals with respect to the module clock signal.

10.  (Original) The memory module of claim 9, wherein each of the plurality of buffer circuits

has a data width of 1 byte, and wherein each of the memory devices has a data width of 1 byte.

11. (Currently Amended) The memory module of claim 10, wherein the memory deviges are

arranged in a plurality of ranks and the respective set of memory devices include one memary

device from each of the plurality of ranks, and wherein the module command signals include

chip select signals that select one memory device in_he respective set of memeory deviges 1o

regeive of output the respective data and strobe signals-cash-obthe-plussit-obsste-ofmorness

daviioa.d R e ih et R I IR )
) LICSCANERS . S ;\) AT TR T T T O T S TN TAY ){,.“ \)§.,v Lo LES
12.  (Original) The memory module of claim 9, wherein each of the plurality of buffer circuits

has a data width of 1 byte, and wherein each of the memory devices has a data width of 4 buts.

13.  (Currently Amended) The memory module of claim 12, wherein the memory devices are

arraneed 1 a plurality of ranks and the respective set of memory devices wclude one memaory

device from sach of the plurality of ranks, and wherein the module command signals include

chip select signals that select two memory devices in_the respective set ol memory devices (o

receive of Qubput the res §‘€bfh e data and strobe sigoals, the two memory devices being in a same

rank-e the-pluratitv-efsets-obmemery-devices-to-porforthe-Srstmemon-operaton,
14 (Currently Amended) The memory module of claim 1, wherein the each respective buffer

regeneration circuit configured to generate shat-regenerates-a local clock signal having a

buffer circuit is gonfigured to cutput ewtpattineg-the local clock signal to the respective set of the
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15. (Currently Amended) The memory module of claim 14, wherein the selectss
the-data paths include a first data path for transmitting a strobe signal among the respective data

and strobe signals, the first dat

path including a sampler that samples the strobe signal in

accordance with the local clock signal.
16.  (Currently Amended) The memory module of claim 15, wherein the selested-subostof
the-data paths include a second data path for transmitting a first data st gn:ﬂ among the data and

accordance with the sampled strobe signai‘

17. (Original) The memory module of claim 14, wherein each of the plurality of buffer
circutis has a data width of 1 byte, and wherein each of the memory devices bas a data width of 1

byte.

18. (Currently Amended) The memory module of claim 17, wherein the memory devices are

artanged ina plurality of ranks and the respgective set of memory devices include one memory

device from each of the plurality of ranks, and wherein the module command signals include

chip select signals that select one memory device in_ths respective set of memaory devices 1D

ouinul or receive the respeciive data and sirobe sienals in accordance with the local clock signal

e Cthe-plaralitv-of-sets-ob-memoere-devices-fo-perfom-the-firstmem onv-naraiion
g REGH M Vi S R EUNLACAT Y e M S o B VAR S v AR ¥ TEURFEY,

19.  (Original) The memory module of claim 14, wherein each of the plurality of buffer
circuits has a data width of | byte, and wherein each of the memory devices has a data width of 4

bits.

20. (Currently Amended) The memory module of claim 19, wherein the memory devices arg

arranged 10 a plurality of ranks and the respective set of memory deviges include gne memory

device from gach of the plurality of ranks, and wherein the module command signals include

chip select signals that select two memory devices in_the respective set of memory devices o

ouinul or receive the respective data and strobe sgnals in accordance with the local clock signal

Attorney Docket Number N3044.10009US04 5 Amendment
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the two memory devices being in a same rank-eash-ef-the-plurality-of sets-ob memery-dovises-ta

21.  (New) The memory module of claim 1, wherein the one or more signals received by the
each respective buffer circuit during the second memory operation inchude at least one signal

from the moduie control device.

22, (New) The memory module of claim 1, wherein the one or more signals received by the
each respective buffer circut during the second memory operation include at least one signal

from the memory controller.
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REMARKS

This amendment responds to the Non-Final Office Action dated June 2, 2017. In the
Office Action, the Examiner:
e provisionally rejected claims 1-20 on the ground of nonstatutory obviousness-
type double patenting as being unpatentable over claims 1-20 of copending
Application No. 14/846,993, now US Patent No. 9,563,587, and over claims 1-20
of copending Application No. 13/952,599, now US Patent No. 9,128,632.

Claims 1, 3-4, 6-9, 11, 13-16, 18, and 20 are amended for clarity and to correct minor
issues. New claims 21-22 are presented. Support for the amendments and the new claims can be
found throughout the Specification. Thus, no new matter is added.

Applicant submits herewith a terminal disclaimer in compliance with 37 CFR 1.321(c) or
1.321(d), which should overcome any actual or provisional rejection based on the nonstatutory
obviousness-type double patenting ground over the references U.S. Patent No. No. 9,563,587 and
US Patent No. 9,128,632, which are commonly owned with this application.

Applicant submits that claims 1-22 are in condition for allowance and respectfully
requests such action. The Examiner is invited to call the undersigned at (650) 521-4828 to

discuss any remaining issues.

Respectfully submitted,

Date:  August 30, 2017 /Jamie J. Zheng/ 51167

Jamie J. Zheng (Reg. No.)
Customer No. 79141
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Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

2017-08-30_Amendment_NT0O

162264

3C2.pdf yes /

2c28ebfdfadb019be84ec7224e9e5a18060
a6727
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Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Claims 2 6
Applicant Arguments/Remarks Made in an Amendment 7 7
Warnings:
Information:
Total Files Size (in bytes): 162264

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/26
Doc Code: DIST.E.FILE U.S. Patent and Trademark Office
Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A
“PRIOR” PATENT
Application Number 15426064
Filing Date 07-Feb-2017
First Named Inventor Hyun Lee
Attorney Docket Number N3044.10009US04
Title of Invention
MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA
BUFFERS

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

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

Owner Percent Interest

Netlist, Inc. 100%

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

9563587
9128632

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

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

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

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

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.
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@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

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

O

Applicant claims the following fee status:

(® Small Entity
(O Micro Entity

(O Regular Undiscounted

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

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

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

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

Registration Number 51167

(O Asoleinventor

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

(O Ajointinventor; all of whom are signing this request

Signat
ignature /Jamie J. Zheng/

Name /Jamie J. Zheng/

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

Application Number:

15426064

Filing Date:

07-Feb-2017

Title of Invention:

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED,

DATA BUFFERS

First Named Inventor/Applicant Name:

Hyun Lee

Filer:

Jamie Jie Zheng/JoLin Johnson

Attorney Docket Number:

N3044.10009US04

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 2814 1 160 160

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 15426064
Filing Date: 07-Feb-2017

Applicant/Patent under Reexamination: Lee

Electronic Terminal Disclaimer filed on August 30,2017

X APPROVED

This patent is subject to a terminal disclaimer

] DISAPPROVED

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

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 30226009
Application Number: 15426064
International Application Number:
Confirmation Number: 9117

Title of Invention:

MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED,
DATA BUFFERS

First Named Inventor/Applicant Name:

Hyun Lee

Customer Number:

79141

Filer:

Jamie Jie Zheng/JoLin Johnson

Filer Authorized By:

Jamie Jie Zheng

Attorney Docket Number: N3044.10009US04
Receipt Date: 30-AUG-2017
Filing Date: 07-FEB-2017
Time Stamp: 17:06:59

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $160

RAM confirmation Number

083117INTEFSW17065700

Deposit Account

Authorized User

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

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
33582
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
619a3a9cddf98deaf7e394c10fa88a624c42
efef
Warnings:
Information:
30707
2 Fee Worksheet (SB06) fee-info.pdf no 2
2011d486e9b5e6aca88a57be3717e087a24)
1913c
Warnings:
Information:
Total Files Size (in bytes): 64289

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document code: WFEE
United States Patent and Trademark Office
Sales Receipt for Accounting Date: 09/08/2017

DEVANS SALE #00000001 Mailroom Dt: 08/30/2017 505394 15426064
01 FC : 2202 80.00 DA
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PTO/SB/06 (09-11}

Approved for use through 1/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of infermation unless it displays a valid OMB conirel number.

PATENT APPLICATION FEE DETERMINATION RECORD | Applcation or Docket Number | Fiing Date
Substitute for Form PTO-875 15/426,064 020712017

(7o be Mailed

ENTITY: [ LARGE smaLL [ micro

APPLICATION AS FILED - PART |

(Column 1) {Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE (3) FEE ($)
{37 CFR 1.16{a), {b), or {c))
D SEARCH FEE
{37 CFR 1.16{K), {i), or (m)) N/A N/A NIA
D EXAMINATION FEE
{37 CFR 1.16{0), {p), or {g)) N/A N/A NIA
TOTAL CLAIMS . 1. -
{37 CFR 1.16(i)) minus 20 = x $40 =
INDEPENDENT CLAIMS . _1. -
{37 CFR 1.16(h)) minus 3 = x 3210 =
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
DZI;P::_'I:(;A;I';C;N SIZE FEE for small entity) for each additional 50 sheets or
{ A6(s)) fraction thereof. See 35 U.S.C. 41{a)(1)(G) and 37
CFR 1.16(s).
I:I MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.18(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
{Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
| 08/30/2017 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
E Total * n *k = -
% a7 OFR 116 22 Minus 20 =2 x 340 = 80
Independent ; - —
1T} (37CF%1716(h)) *1 Minus | ** 3 =0 x $210 = 0
5 D Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(})
TOTAL ADD'L FEE 80
{Column 1) {Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
= AFTER PREVIOUSLY PRESENT EXTRA RATE (3) ADDITIONAL FEE (%)
E AMENDMENT PAID FOR
Total N : o _ —
E (37 CFR 1160} Minus = x$0 =
2Z | Independent ! _ -
Ll (37 CFR 1.18(h) * Minus | *** — x$ 0
E I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(})
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20". /Dorian Evans/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file {and by the USPTO tc
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, 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.

fyou need assistance in complefing the form, call 7-800-FT0O-9799 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

79141 7590 09/21/2017 | EXAMINER |
Jamie J. Zheng, Ph.D Esq. SUN, MICHAEL
MASCHOFF BRENNAN
1389 Center Drive | ART UNIT PAPER NUMBER |
Suite 300 2184

Park City, UT 84098
DATE MAILED: 09/21/2017

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

15/426,064 02/07/2017 Hyun Lee N3044.10009US04 9117
TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS

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

nonprovisional SMALL $480 $0 $0 $480 12/21/2017

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

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3 .
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

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

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

malntenance fee notifications.

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

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

7?141 7590 09/21/2017 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Jamie J. Zheng, Ph.D Esq. S(tiz(lites P(ZiStal Sﬂf;rvwe vlvnh sufficient postage (i(i)r first l():lass mallbln an anelo;{e
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
MASCHOFF B_RENNAN transmitted to the USPTO (571) 273-2885, on the date indicated below.
1389 Center Drive
Suite 300 (Depositor's name)
Park City, UT 84098 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/426,064 02/07/2017 Hyun Lee N3044.10009US04 9117
TITLE OF INVENTION: MEMORY MODULE WITH TIMING-CONTROLLED DATA PATHS IN DISTRIBUTED DATA BUFFERS
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 12/21/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
SUN, MICHAEL 2184 710-005000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

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

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

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

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

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

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
15/426,064 02/07/2017 Hyun Lee N3044.10009US04 9117
| EXAMINER |
79141 7590 09/21/2017
Jamie J. Zheng, Ph.D Esq. SUN, MICHAEL
MASCHOFF BRENNAN
1389 Center Drive | ART UNIT PAPER NUMBER |
Suite 300 2184

Park City, UT 84098
DATE MAILED: 09/21/2017

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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

1. [ This communication is responsive to Applicant's Amendment filed 8/30/2017.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-22. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

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

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

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

/MICHAEL SUN/
Primary Examiner, Art Unit 2184

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170916
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Application/Control Number: 15/426,064 Page 2
Art Unit: 2184

The present application is being examined under the pre-AlIA first to invent provisions.
DETAILED ACTION

Status of the Application

This Office Action is in response to Applicant’s Amendment filed 8/30/2017.
Claims 1-22 are pending for this examination.
Claims 1, 3, 4, 6-9, 11, 13-16, 18, and 20 were amended.

Claims 21 and 22 were added.

Terminal Disclaimer

The terminal disclaimer filed on 8/30/2017 disclaiming the terminal portion of any patent
granted on this application which would extend beyond the expiration date of copending
Application No. 14/846,993, now US Patent No. 9,563,587, and copending Application No.
13/952,599, now US Patent No. 9,128,632 has been reviewed and is accepted. The terminal

disclaimer has been recorded.

Allowable Subject Matter

Claims 1-22 are allowed.

The following is an examiner’s statement of reasons for allowance:
Prior art teaches memory module systems arranged into respective groups of memory
devices, memory module systems with buffered memory modules, and memory module systems

that implement delays for transmitting signals to the memory devices of each module, however,

Micron Technology Inc. et al.
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Application/Control Number: 15/426,064 Page 3
Art Unit: 2184

the prior art does not fairly teach or suggest, individually or in combination, a memory module
system with a plurality of buffers mounted in positions corresponding to the respective sets of
data / strobe signal lines, each buffer providing data paths between the data / strobe signal lines
and a set of memory devices and including logic that responds to control signals by enabling the
data paths corresponding to memory operations between the data / strobe signal lines and the
memory devices, wherein the logic is configured to obtain timing information based on signals
received by the buffers during a second memory operation prior to the first memory operation
and to control timing of the data and strobe signals on the data paths in accordance with the
obtained timing information as claimed. These limitations find support in Applicant’s
Specification on Pages 5-30. The prior art of record neither anticipates nor renders obvious the

above recited combination.

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

Allowance.”

Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michael Sun whose telephone number is 571-270-1724. The

examiner can normally be reached on Mondays to Thursdays from 6:30 am to 5:00 pm.
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Application/Control Number: 15/426,064 Page 4
Art Unit: 2184

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Dr. Henry Tsai, can be reached at (571) 272-4176. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

/MICHAEL SUN/

Primary Examiner, Art Unit 2184
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* c | US-2007/0217559 A1 09-2007 Stott; Bret G. G11C7/1051 375/355
D | US-
E | US-
F | US-
G | US-
H | US-
| Us-
J | US-
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# Operator Stamp
S176 4899 memory module and timing US-PGPUB; ADJ ON 2017/09/16
signal USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
S177 {2031 S$176 and memory controller US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR; 12:25
EPO; DERWENT;
IBM_TDB
S178 §209 S177 and operating speed US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR; 12:25
EPO; DERWENT;
IBM_TDB
S179 64 S$178 AND ( (GOBF1/12 CR US-PGPUB; ADJ ON 2017/09/16
GOBF13/1689 OR COBF12/0248 {USPAT; USOCR,; 12:25
OR G06F13/1694).CPC. ) EPO; DERWENT;
IBM_TDB
S$180 {64 $179 and buffer US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
S181 ii64 5180 and ((data or strobe) near2 i{US-PGPUB; ADJ ON 2017/09/16
signal) USPAT; USOCR; 12:25
EPO; DERWENT;
IBM_TDB
$182 ii64 S$181 and (read or write) US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
$183 136 $182 and memory bus US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
$184 6 $183 and command signal US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
S§185 #4572 (lee, hyun).in. US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
5186 {107 (bhakta, jayesh).in. US-PGPUB; ADJ ON 2017/09/16
USPAT; USOCR,; 12:25
EPO; DERWENT;
IBM_TDB
5187 1568734 {buffer and memory and (data or {US-PGPUB; ADJ ON 2017/09/16
strobe) and (read or write) USPAT; USOCR; 12:26
EPO; DERWENT;
IBM_TDB
P i i i y ;
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$188 {56651 #S187 and ((determin$5 or US-PGPUB; ADJ ON 2017/09/16
calculat$3) with (time interval or $USPAT; USOCR; 12:26
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interval or delay)) USPAT; USOCR,; 12:26
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IBM_TDB
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(time interval or delay) with (firstiiUSPAT; USOCR,; 12:27
signal) with (second signal) EPO; DERWENT;

IBM_TDB

S192 i1 $191 and memory controller and {{US-PGPUB; ADJ ON 2017/09/16

buffer and memory bus USPAT; USCCR,; 12:27
EPO; DERWENT;
IBM_TDB
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Art Unit © 2184 (Date)

Conf. No. : 9117 /Jamie J. Zheng/

Docket No. : N3044.100009US04 Jamie J. Zheng, Reg. No. 51167

AMENDMENT UNDER 37 C.F.R. §1.312

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

In response to the Notice of Allowance mailed September 21, 2017, please amend the

above-identified application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper. Remarks begin on page 6 of this paper.
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Application No. 15/426,064 Amendment 37 CF.R. §1.312
Attorney Docket Number N3044.10009US04

AMENDMENTS TO THE CLAIMS

This listing of claims replaces all prior versions and listings of claims in the application:

1. (Previously Presented) A memory module operable to communicate with a memory
controller via a memory bus, the memory bus including signal lines, the signal lines including a
set of control/address signal lines and a plurality of sets of data/strobe signal lines, the memory
module comprising:

a module board having edge connections for coupling to respective signal lines in the
memory bus;

a module control device mounted on the module board and configured to receive memory
command signals for a first memory operation from the memory controller via the set of
control/address signal lines and to cutput module command signals and module control signals in
response to the memory command signals; and

memory devices mounted on the module board and configured to perform the first
mermory operation in respounse to the module command signals, the memory devices wchuding a
plurality of sets of memory devices corresponding to respective sets of the plurality of sets of
data/strobe signal lines; and

a plurality of butfer circuits mounted on the module board 1y positions corresponding to
respective sets of the plurality of sets of data/strobe signal lines, wherein each respective buffer
circuit of the plurality of buffer circuits ts coupled between a respective set of data/strobe signal
fines and a respective set of memory devices, the each respective buffer circuit including data
paths for transmutiing respective data and strobe signals assoctated with the first memory
operation and logic configured to respond to the module control signals by enabling the data
paths, wherein the logic is further configured to obtain timing information based on one or more
signals recetved by the each respective buffer circuit during a second memory operation prior 1o
the first memory operation and to controd timing of the respective data and strobe signals on the
data paths in accordance with the timing information.

2. (Original) The memory module of claim 1, wherein the first memory operation is a
memory read operation and the second memory operation is a memory write operation.
3. (Previously Presented) The memory module of claim 2, wherein the each respective

buffer circuit includes a delay control circuit configured to determine, during the memory write
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Application No. 15/426,064 Amendment 37 CF.R. §1.312
Attorney Docket Number N3044.10009US04

operation, a time interval between receiving a first signal from the module control device and
receiving a second signal from the memory controller, and wherein the timing information
includes the time interval.

4. (Previously Presented) The memory module of claim 3, wherein the each respective
buffer circuit is further configured to receive a module clock signal and further includes a clock
regeneration circuit configured to generate a local clock signal having a programmable phase
relationship with the module clock signal, wherein the each respective buffer circuit is further
configured to output the local clock signal to the respective set of memory devices.

5. (Original) The memory module of claim 3, wherein each of the plurality of buffer
circutts has a data width of 1 byte, and wherein each of the memory devices has a data width of 1
byte.

6. (Currently Amended) The memory module of claim 2, wherein the memory devices are
arranged in a plurality of ranks and the respective set of memory devices include one memory
device from each of the plurality of ranks, and wherein the module command signals include

chip select signals that select one memory device in the respective set of memory devices to

output the respective data and strobe signals

7. (Previously Presented) The memory module of claim 3, wherein each of the plurality of
butfer circuits has a data width of 1 byte, and wherein each of the memory devices has a data
width of 4 buis.

8. (Currently Amended) The memory module of claim 7, wherein the memory devices are
arranged in a plurality of ranks and the respective set of memory devices include two ene
memory devices deviee-from each of the plurality of ranks, and wherein the module command

signals include chip select signals that select two memory devices in the respective set of

memory devices to output the respective daia and strobe signals-
etosk-stgnat, the two memory devices being in a same rank.

0. (Previously Presented) The memory module of claim 1, wherein the each respective
buffer circuit is further configured to receive a module clock signal from the module control
device and further includes a receiver circuit for each of the module control signals, the receiver
circuit including a metastability detection circuit configured to determine a metastability

condition in the each of the module control signals with respect to the module clock signal.
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Attorney Docket Number N3044.10009US04

10. (Currently Amended) The memory module of claim 1 [9], wherein each of the plurality
of buffer circuits has a data width of 1 byte, and wherein each of the memory devices has a data
width of 1 byie.

11.  (Previously Presented) The memory module of claim 10, wherein the memory devices
are arranged in a plurality of ranks and the respective set of memory devices include one
memory device from each of the plurality of ranks, and wherein the module command signals
include chip select signals that select one memory device in the respective set of memory devices
to receive or output the respective data and strobe signals.

12.  (Currently Amended) The memory module of claim 1 [9], wherein each of the plurality
of buffer circutts has a data width of 1 byte, and wherein each of the memory devices has & data
width of 4 bits.

13.  (Currently Amended) The memory module of claim 12, wherein the memory devices
are arranged in a plurality of ranks and the respective set of memory devices include ene-two
memory devices deviee from each of the plurality of ranks, and wherein the module command
signals include chip select signals that select two memory devices in the respective set of
memory devices to receive or output the respective data and strobe signals, the two memory
devices being in a same rank.

14.  (Previously Presented) The memory module of claim 1, wherein the each respective
buffer circuit is further configured to receives a module clock signal and further includes a clock
regeneration circuit configured to generate a local clock signal having a programmable phase
relationship with the module clock signal, wherein the each respective buffer circuit is
configured to output the local clock signal to the respective set of memory devices.

15.  (Previously Presented) The memory module of claim 14, wherein the data paths include
a first data path for fransmitting a strobe signal among the respective data and strobe signals, the
first data path including a sampler that samples the strobe signal in accordance with the local
clock signal.

16.  (Previously Presented) The memory module of claim 15, wherein the data paths include
a second data path for transmithing a first data signal among the data and strobe signals, the
second data path including a sampler that samples the first data signal in accordance with the

sampled strobe signal.
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17. (Original) The memory module of claim 14, wherein each of the plurality of buffer
circuits has a data width of 1 byte, and wherein each of the memory devices has a data width of 1
byie.

18.  (Previously Presented) The memory module of claim 17, wherein the memory devices
are arranged in a plurality of ranks and the respective set of memory devices include one
memory device from each of the plurality of ranks, and wherein the module command signals
include chip select signals that select one memory device in the respective set of memory devices

to output or receive the respective data and strobe signals in accordance with the local clock

signal.
19. (Original) The memory module of claim 14, wherein each of the plurality of buffer

circuits has a data width of 1 byte, and wherein each of the memory devices has a data width of 4
bits.

20.  (Currently Amended) The memory module of claim 19, wherein the memory devices
are arranged in a plurality of ranks and the respective set of memory devices include ene two
memory devices deviee-from each of the plurality of ranks, and wherein the module command
signals include chip select signals that select two memory devices in the respective set of
memory devices to output or receive the respective data and sirobe signals in accordance with
the local clock signal, the two memory devices being in a same rank.

21.  (Previously Presented) The memory module of claim 1, wherein the one or more signals
recetved by the each respective buffer circuit during the second memory operation include at
{east one signal from the module control device,

22.  (Previously Presented) The memory module of claim 1, wherein the one or more signals
recetved by the each respective butfer circuit during the second memory operation include at

ieast one signal from the memory controller.
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REMARKS

Applicant appreciates the allowance of the claims. In this amendment under 37 C.F.R.
§1.312, claims 6 and 8 are amended to correct antecedent basis issues and a minor error, claims
10 and 12 are amended to change their dependency from depending from allowed claim 9 to
depending from allowed claim 1, and claims 13 and 20 are amended to correct minor errors.
Applicant respectfully requests entry of the changes to these claims before the issuance and
publication of the patent. In the event that Examiner finds remaining impediment to the entry of

this amendment, the Examiner is requested to contact the undersigned attorney.
Dated this 28th day of September, 2017.
Respectfully submitted,

/Jamie J. Zheng, Reg. no. 51167/

JAMIE J. ZHENG
Registration No. 51,167
Attorney for Applicant
Telephone No. (650) 521-4828
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of :  Netlist, Inc.

Application No.: 15/426,064 Art Unit
2184
Filed: February 7, 2017
Conf. No.: 9117
For: MEMORY MODULE WITH TIMING-CONTROLLED
DATA PATHS IN DISTRIBUTED DATA BUFFERS
Examiner: Sun, Michael
Customer No.: 79141

Attorney Docket No.:  N3044.10009US04

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Applicant acknowledges Examiner’s statements of Reasons for Allowance of the above-
referenced patent application and agrees that the claimed subject matter is patentable. However,
Applicant takes no position regarding the Reasons for Allowance presented by the Examiner
other than the positions Applicant may have previously taken during prosecution. Therefore, the
Examiner’s Reasons for Allowance should not be attributed to Applicant as an indication of the
basis for Applicant’s belief that the claims are patentable. Furthermore, Applicant respectfully
asserts that there may also be additional reasons for patentability of the claimed subject matter
not explicitly stated in this record and Applicant does not waive its rights to such arguments by

not further addressing such reasons herein.
Dated this 5th day of October, 2017.

Respectfully submitted,
/Jamie J. Zheng, Reg. no. 51167/

JAMIE J. ZHENG

Registration No. 51,167

Attorney for Applicant
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
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App. No. - 15/426,064 TRANSMISSION
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Examiner . SUN, MICHAEL September 28, 2017

Art Unit o 2184 (Date)

Conf. No. : 9117 /Jamie J. Zheng/

Docket No. : N3044.100009US04 Jamie J. Zheng, Reg. No. 51167

AMENDMENT UNDER 37 C.F.R. §1.312

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

In response to the Notice of Allowance mailed September 21, 2017, please amend the

above-identified application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper. Remarks begin on page 6 of this paper.

OK TO ENTER: /M.S8/ 10/07/2017
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
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P.O. Box 1450

Alexandria, Virginia 22313-1450
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Jamie J. Zheng, Ph.D Esq. | |
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1389 Center Drive
Suite 300 | ART UNIT | PAPER NUMBER |

Park City, UT 84098 2184

| NOTIFICATION DATE | DELIVERY MODE |

10/18/2017 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):

d@mabr.com
bisraelsen @mabr.com

PTOL-90A (Rev. 04/07) Micron Technology Inc. et al.
Ex. 1032, p. 157



Application No. Applicant(s)

o 15/426,064 LEE ET AL.

Response to Rule 312 Communication . .
Examiner Art Unit
MICHAEL SUN 2184

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. ] The amendment filed on 28 September 2017 under 37 CFR 1.312 has been considered, and has been:
a)X entered.

b) [] entered as directed to matters of form not affecting the scope of the invention.

c)[d disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) and

the required fee to withdraw the application from issue.
d) [] disapproved. See explanation below.

e) [] entered in part. See explanation below.

/MICHAEL SUN/
Primary Examiner, Art Unit 2184

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20171007
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Jamie J. Zheng, Ph.D Esq.
MASCHOFF BRENNAN
1389 Center Drive
Suite 300

Park City, UT 84098
ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

Netlist, Inc., Irvine, CA;
Hyun Lee, Ladera Ranch, CA;
Jayesh R. Bhakta, Cerritos, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Mail 5top 8

Direcior of the .S, Patent and Trademark Office

PO, Bo 1450

Alexandria, VA 22313-1450

REPORT ONTHE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT OR
TRADEMARK

in Compliance with 35 WSO 1 290 andior 15 U.S.00 1 1118 you are hereby advised that a court action has bean
filed in the U.S. Dismct Cowt

{1 Trademarks or

i Patents,

Western District of Texas on the Toliowing

{ 1 the patert actioninvolves 35 U.S.CL1 292

DOCKET NG,
6:21-cv-00431

DATE FILED
4/28/2021

LS, DESTRICT Couay
Western District of Texas

PLAINTIFF
Netlist, Inc.

DEFENDANT

Micron Technology, Inc., Micron Semiconductor
Products, Inc., and Micron Technology Texas LLC

PATENT OR

THADEMARK N,

DATE OF PATENT
ORTRADEMAREK

HOLDER OF PATENT GR TRADEMARK

1 10,489,314 11/26/2019 Netlist, Inc.
2 9,824,035 11/21/2017 Netlist, Inc.
2 10,268,608 4/23/2019 Netlist, Inc.
4
5

Inthe abowve” entitled case, the following patent{sy/ trademark{s} have bean included

DATE INCLUDED

INCLUDEDR BY

71 Amendment

1 Arswer {71 Cross Bil i1 Cther Pleading

PATENT OR

THRADEMARK NG,

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

Inthe sbove” entitied case, the Tollowing decision has bean rendered or judgement issued;

DECTRIONAUDGEMENT

{LERK

(BY}DEPUTY CLERK

DATE

Copy 17 Upon initiation of action, mail this copy to Director

Copy 27 Upon filing dotument adding patent(s), mail this copy o Direcior

Copy 37 Upon termination of action, mail this copy 1o Divector

Copy 47 Case file copy
Micron Technology Inc. et al.
Ex. 1032, p. 160
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