I, Julie Carlson, declare as follows:

1. I have personal knowledge of the facts set forth herein, and if called to
testify, I could and would competently testify to the same.

2. I have been involved in semiconductor standardization and publication
services for over twenty years. During this time, [ have worked at JEDEC, a
standards-setting organization for the microelectronics industry, to edit, publish, and
maintain JEDEC business records and standards developed by its numerous
committees and subcommittees.

3. I have been involved with the standardization and publication activities
of JEDEC continuously since 1997. | was the Manager of Standards and
Publications at JEDEC from February 1997 through June 2005. After relocating to
Maine in 2005, I transitioned to working as a full-time Consultant for JEDEC. Since
June 2005, I have continued to work as a Consultant for JEDEC, where my
responsibilities include the maintenance and publication of JEDEC documents and
standards. I am familiar with JEDEC’s historical record-keeping and publication
practices since at least 1992, based on my review of JEDEC’s business records
since that time and my regular discussions with JEDEC employees and members.
During my tenure at JEDEC, JEDEC has not changed the system it uses to maintain

JEDEC documents.
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4. As a Consultant, [ maintain all documents approved for publishing and
have access to all documents at JEDEC. I receive JEDEC documents in draft form
and prepare them for publishing. I also edit and help draft JEDEC’s manuals of
operation and procedure.

3. For over 60 years, JEDEC has been the global leader in developing and
publishing open standards for the microelectronics industry. JEDEC’s membership
consists of more than 3,000 volunteers representing over 350 member companies,
and includes key technical individuals from most device, assembly, system, and
testing companies. JEDEC publications and standards are adopted worldwide.
JEDEC is accredited by ANSI and maintains liaisons with numerous standards
bodies throughout the world.

6. Prior to 2000, JEDEC standards were typically available for purchase
from JEDEC or approved reseller IHS. Since at least 2000, JEDEC standards have
been publicly available for download from the JEDEC website
(https://www.jedec.org), where they are cataloged and indexed by keyword and
technological subject matter. Most of the standards are free to download, but larger
volumes are available for purchase through JEDEC’s website and approved reseller
[HS.

7. By 2000, the JEDEC website was publicly available and commonly

used by manufacturers, companies in the microelectronics industry, and other
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interested parties to access and obtain standards information pertaining to that
industry. Anyone can register online at JEDEC.org to access free standards and
other JEDEC publications. Registration and most published standards are free and
selected standards are only available to non-members for a fee. Between
approximately 2000 and 2010, a registered user was required to log in before
viewing JEDEC’s free download area, which featured a list of standards and
documents available for download. Around 2010, the website was re-designed so
that a log-in was no longer required to visit the free download area and view a list
of available standards and documents—instead, login information was only
required to view and download a standard or other JEDEC document.

8. To confirm my statements above regarding access to JEDEC
documents via JEDEC’s website, I have visited the Internet Archive to look at
captures of the “FREE Download Area” login and registration pages of JEDEC’s

website, which occurred on June 15, 2000 and September 1, 2000, respectively:

<http://web.archive.org/web/20000615041617/http:/www.jedec.ore/DOWNLOAD/

default.cfm> and

<http://web.archive.org/web/20000901000313/http://www.jedec.ore/ DOWNLOAD

/copyright_agreement.htm>. Printouts of these captures are attached as Exhibits A

and B and are consistent with my personal recollection of the JEDEC website. |

have also visited the Internet Archive to look at the first capture after the re-design
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of JEDEC’s website, which occurred on February 24, 2010:

<http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-

documents/results/field doc_type%3A%22JESD%22?order=field doc_full numbe

r_value&sort=asc>. A printout of this capture is attached as Exhibit C and is

consistent with my personal recollection of the JEDEC website.
9. This declaration concerns the following standards published by

JEDEC:

(1) JEDEC STANDARD, Configurations for Solid State Memories, JEDEC
Standard No. 21-C, Release 7 (January 1997) (hereinafter, “JESD21-C Release 77);

(2) JEDEC STANDARD, Double Data Rate (DDR) SDRAM Specification,
JESD79, Release 1 (June 2000) (hereinafter, “JESD79 Release 17);

(3) JEDEC STANDARD, Double Data Rate (DDR) SDRAM Specification,
JESD79, Release 2 (May 2002) (hereinafter, “JESD79 Release 2”);

(4) JEDEC STANDARD, DDR2 SDRAM Specification, JESD79-2A (January
2004) (hereinafter, “JESD79-2A”); and

(5) JEDEC STANDARD, Configurations for Solid State Memories, JEDEC
Standard No. 21-C, Release 14 (January 2005) (hereinafter, “JESD21-C Release
14”) (collectively, “the JEDEC Standards™). I have reviewed the above JEDEC
standards. The copies of the JEDEC Standards attached to this declaration as

Exhibits D-H are identical to the copies of the JEDEC Standards in JEDEC’s files.
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10.  The following statements on the public availability of the JEDEC
Standards as of their respective publish dates are based on personal knowledge. The
development of all JEDEC documents follows the process set forth in JM21:
JEDEC Manual of Organization and Procedure. According to that process, the date
on the cover of a JEDEC document is the month the document was finalized,
approved by legal, and published. For the JESD21-C Release 7, JESD79 Release 1,
JESD79 Release 2, JESD79-2A, and JESD21-C Release 14 standards, the dates on
the covers (and thus the dates the standards were published and/or posted to
JEDEC’s website) are January 1997, June 2000, May 2002, January 2004, and
January 2005, respectively.

11. I am familiar with the circulation and publication procedures used by
JEDEC. Upon approval of the Board of Directors, the JEDEC publications
department prepares documents for publication and seeks final review and approval
to publish from the JEDEC legal department.

12.  Before 2000, once legal approval was received, the JEDEC
publications department made the approved document available to the JEDEC
membership and members of the public through JEDEC and, for most documents
except larger volumes and subscription services, through an approved reseller IHS.
For larger volumes, such as JESD21-C, the date on the cover of the Standard

indicates the date that it was sent to those with a subscription to the annual updating
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service for the volume, in which subscribers would receive the new and/or updated
replacement pages of the various modules of the Standard as they were released and
insertion instructions for the new and/or updated replacement pages. In addition,
copies of the entire volume, as well as any other finalized standard, would have
been available for purchase from JEDEC by anyone in the public. The release
indicated at the bottom of a given page of larger volumes indicates the release in
which that page would have received by subscribers and would have been available
for purchase by anyone in the public.

13.  Since 2000, once legal approval is received, the JEDEC publications
department uploads the approved documents to the JEDEC website with a brief
description. When a standard is published on JEDEC’s website, it becomes
available in the “Standards & Documents” section, where standards are listed by
title, document number, and publish date. An email announcement is then sent to
the sponsoring committee and any approved resellers.

14. Based on my personal knowledge of JEDEC’s policies, the JESD21-C
Release 7 Standard was made publicly available in January 1997, consistent with
the date notation on the first page of the Standard, through a subscription and
availability for purchase by any member of the public, and the JESD79 Release 1,
JESD79 Release 2, JESD79-2A, and JESD21-C Release 14 standards were made

publicly available via JEDEC’s website in June 2000, May 2002, January 2004, and
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January 2005, respectively, consistent with the date on the cover page of each
respective Standard.

15. Based on my personal knowledge of JEDEC’s policies, the JESD21-C
Releases 1 through 6 were also publicly available at least by January 1997, when
JESD21-C Release 7 was made publicly available, through a subscription and
availability for purchase by any member of the public of JESD21-C as an entire
volume. Similarly, the JESD21-C Releases 1 through 13 were also publicly
available at least by January 2005, when JESD21-C Release 14 was made publicly
available, through a subscription and availability for purchase by any member of
the public of JESD21-C as an entire volume.

16. My knowledge of the procedures surrounding the creation of the date
notation and publication is based on JEDEC’s policies and practices as I understand
them through my work at JEDEC. I rely on these policies and practices in the
course of my work. I have no reason to believe that JEDEC’s typical practice was
not followed. I have no reason to believe that the JESD21-C Release 7 Standard
was not published and made accessible to JEDEC membership and any member of
the public in January 1997. I also have no reason to believe that the JESD21-C
Release 14 Standard was not published and made accessible to JEDEC membership
and any member of the public in January 2005. I also have no reason to believe that

the JESD79 Release 1, JESD79 Release 2, and JESD79-2A standards were not
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made publicly available via JEDEC’s website in June 2000, May 2002, and January
2004, respectively. I also have no reason to believe that the JESD21-C Releases 1
through 6 were not published and made accessible to any member of the public by a
subscription or purchase of JESD21-C at least by January 1997, when the JESD-
21C Release 7 Standard was made publicly available. I also have no reason to
believe that the JESD21-C Releases 1 through 13 were not published and made
accessible to any member of the public by a subscription or purchase of JESD21-C
at least by January 2005, when the JESD-21C Release 14 Standard was made
publicly available.

17.  To further confirm my statements above regarding the JESD79 DDR
Standard, I visited the Internet Archive to look at the first capture of the JEDEC
website after June 2000, which occurred on August 17, 2000:

<http://web.archive.org/web/20000817100341/http://www.jedec.org/Default.htm>.

A printout of this capture is attached as Exhibit I and is consistent with my personal
recollection of the JEDEC website. As shown in Exhibit I, the JESD79 Release 1
“DDR” Standard was featured on the JEDEC homepage, which included a link to
the following page captured on August 17, 2000, which allowed anyone to
download the JESD79 DDR Standard for “DDR” memory:

<http://web.archive.org/web/20000817100514/http:/ www.jedec.ore/DOWNLOAD/

pub21/HotDDR/Default.cfm>. A printout of this capture is attached as Exhibit J

8

XILINX EXHIBIT 1009

Page 8



and is consistent with my personal recollection of the JEDEC website. As can be
seen from this capture on August 17, 2000, the JESD79 Release 1 DDR Standard
was described on the JEDEC website as the “JEDEC Standard 79, Double Data
Rate (DDR) SDRAM Specification (datasheet for 64Mb SDRAM)” and was
available for download by the public by that date, consistent with my statements
above.

18.  Exhibit K is a printout of

<https://web.archive.org/web/20000711020535/http://www.jedec.org/service_mem

bers/New_Members/memberco.htm>, which is a capture on July 11, 2000 of

JEDEC s list of member companies as of that date. Exhibit L is a printout of

<https://web.archive.org/web/20020605015448/http://www.jedec.org/service_mem

bers/New_Members/memberco.htm>, which is a capture on June 5, 2002 of

JEDEC’s list of member companies as of that date. Exhibit M is a printout of

<https://web.archive.org/web/2004020208 1543 /http://jedec.org:80/service_member

s/New_Members/memberco.ctfm>, which is a capture on February 2, 2004 of

JEDEC’s list of member companies as of that date. Exhibit N is a printout of

<https://web.archive.org/web/20051024132448/http://www.jedec.org:80/service_m

embers/New_Members/memberco.cfm>, which is a capture on October 24, 2005 of

JEDEC s list of member companies as of that date. Exhibits K, L, M, and N are

consistent with my personal recollection of JEDEC’s membership. The member
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companies listed in Exhibit K would have had access to JESD79 Release 1 by no
later than July 11, 2000. The member companies listed in Exhibit L would have had
access to JESD79 Release 2 by no later than June 5, 2002. The member companies
listed in Exhibit M would have had access to JESD79-2A by no later than February
2,2004. Lastly, the members listed in Exhibit N would have had access to

JESD21-C Release 14 no later than October 24, 2005.

I, Julie Carlson, do hereby declare and state 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, under Section 1001 of Title 18 of the United States Code.

Executed on 1/27/2023 é/%ﬂn/

Julie D. Carlson
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The Wayback Machine - http://web.archive.org/web/20000615041617/http://www.jedec.org:80/DOWNLOAD/default.cfm
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http://web.archive.org/web/20000615041617/http://www.jedec.org/Default.htm
http://web.archive.org/web/20000615041617/http://www.jedec.org/DOWNLOAD/default.cfm
http://web.archive.org/web/20000615041617/http://www.jedec.org/service_members/default.htm
http://web.archive.org/web/20000615041617/http://www.jedec.org/join_jedec/default.htm

FREE Download Area

Log on, please: FH

\ Login
name
\ - Password

(J Remember login information
[ access the download area ]

Register with JEDEC

Click here to gain access to
the Free Download AREA:
create a Login name and
password

Forgotten Password?

E-mail address:

[ e-mail password ]

[ Return Previous Screen ]

This file was last updated: 12/19/2022
04:41:18

JEDEC Home: http://www.jedec.org
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http://web.archive.org/web/20000615041617/http://www.jedec.org/DOWNLOAD/copyright_agreement.htm
http://web.archive.org/web/20000615041617/http://www.jedec.org/

Exhibit B
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The Wayback Machine - http://web.archive.org/web/20000901000313/http://www.jedec.org:80/DOWNLOAD/copyright_agreement.htm
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http://web.archive.org/web/20000901000313/http://www.jedec.org/Default.htm
http://web.archive.org/web/20000901000313/http://www.jedec.org/DOWNLOAD/default.cfm
http://web.archive.org/web/20000901000313/http://www.jedec.org/service_members/default.htm
http://web.archive.org/web/20000901000313/http://www.jedec.org/join_jedec/default.htm

@ Members Before registering, please read the
only JEDEC Copyright Agreement

Voting
9 Machine

Meeting
9 schedule

& Rosters

Member
“cnmpanies

& Tent card

& Manuals
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http://web.archive.org/web/20000901000313/http://www.jedec.org/service_members/Members_Only/default.cfm
http://web.archive.org/web/20000901000313/http://www.jedec.org/service_members/Members_Only/access_votingmachine.cfm
http://web.archive.org/web/20000901000313/http://www.jedec.org/service_members/Meetings/default.htm
http://web.archive.org/web/20000901000313/http://www.jedec.org/service_members/Rosters/default.htm
http://web.archive.org/web/20000901000313/http://www.jedec.org/service_members/New_Members/default.htm
http://web.archive.org/web/20000901000313/http://www.jedec.org/DOWNLOAD/tentcard.doc
http://web.archive.org/web/20000901000313/http://www.jedec.org/DOWNLOAD/manuals/default.cfm

JEDEC standards and .
publications are designed to

serve the public interest by
eliminating misunderstanding
between manufacturers and
purchasers and facilitating
interchangeability and

improvement of products.

JEDEC standards,
publications, package outlines
and all other documents
posted on JEDECs worldwide
web site (collectively referred
to as the files) may be
downloaded free of charge;
however, the ownership of
the copyright resides with the
JEDEC Solid State Technology
Association.

JEDEC files may be
reproduced for internal use
only without restriction;
however, the reproduction of
these files for any other
purpose, whether in
electronic and/or hard copy
form, is PROHIBITED. The
creation of CD ROMs
containing the files or
references to the files and
links to the JEDEC web site is
also PROHIBITED. Users of
JEDEC copyrighted works
wishing to distribute the files
for purposes other than noted
may do so only by purchase,
or by contacting the JEDEC
office in writing requesting
permission to reproduce the
files along with the reason(s)
for such a request.

O I have read JEDEC’s copyright
statement and agree to the terms set
forth above.

Ol have read JEDEC’s copyright
statement and do NOT agree to the
terms set forth above.

more...
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Approved for publication on
March 31, 2000

[ Return Previous Screen ]

Page updated: 12/19/2022
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The Wayback Machine - http://web.archive.org/web/20100224045304/http://www.jedec.org:80/standards-doc...

JEDEC

[JEDEC China ] [_Forgot Password ] [_Site Login |

e Home

| Search JEDEC |

e About JEDEC

o
[e]
[e]

O 0O 0 0 0 0 0 O

[e]

Overview
Activities
JEDEC History
» Pre-1960s
= 1960s
= 1970s
= 1980s
= 1990s
= 2000s
Member List
Board of Directors
Committee Chairs
Policies & Governance
Patent Policy & Documents
Other Organizations
Contact
Staff
RSS Feeds

e Standards & Documents

[e]
o

O 0O 0 0 ©

[e]

Search Standards & Documents
Technology Focus Areas

= Flash Memory: SSDs, UFS, e-MMC™
Mobile Memory: LPDDR2, Memory MCP
Main Memory: DDR3 SDRAM
Memory Module Design File Registrations
Lead-Free Manufacturing
Fiberoptics Systems: Military and Space Applications
Registered Outlines: JEP95

= Memory Configurations: JESD21-C
Dictionary: JESD88

= Introduction

= Referenced Documents
Registration Data Formats (RDFs)
Type Registration
ID Codes Order Form
Copyright Information
Patent Policy & Documents
Document Translation

e Committees

[¢]

o O O

JC-10: Terms, Definitions, and Symbols

JC-11: Mechanical Package Outlines - Standardization
JC-13: Government Liaison

JC-14: Quality and Reliability of Solid State Products
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http://web.archive.org/web/20100224045304/http://www.jedec.org/
http://web.archive.org/web/20100224045304/http://www.jedec.org/jedec-china
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/password
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/login
http://web.archive.org/web/20100224045304/http://www.jedec.org/home
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/activities
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history/pre-1960s
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history/1960s
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history/1970s
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history/1980s
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history/1990s
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/jedec-history/2000s
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/member-list
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/board-directors
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/committee-chairs
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/policies-governance
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/patent-policy-documents
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/other-organizations
http://web.archive.org/web/20100224045304/http://www.jedec.org/contact
http://web.archive.org/web/20100224045304/http://www.jedec.org/node/2547
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/rss-feeds
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/flash-memory-ssds-ufs-e-mmc%E2%84%A2
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/mobile-memory-lpddr2-memory-mcp
http://web.archive.org/web/20100224045304/http://www.jedec.org/category/technology-focus-area/main-memory-ddr3-sdram
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/memory-module-design-file-registrations
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/lead-free-manufacturing
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/fiberoptics-systems-military-and-space-applications
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/registered-outlines-jep95
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/technology-focus-areas/memory-configurations-jesd21-c
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/dictionary
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/dictionary/introduction
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/dictionary/referenceddocuments
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/registration-data-formats-rdfs
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/type-registration
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/id-codes-order-form
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/copyright-information
http://web.archive.org/web/20100224045304/http://www.jedec.org/about-jedec/patent-policy-documents
http://web.archive.org/web/20100224045304/http://www.jedec.org/standards-documents/document-translation
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-10
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-11
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-13
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-14

o JC-15: Electrical and Thermal Characterization Techniques for Electronic Packages and
Interconnects
JC-16: Voltage Level and Electrical Interface
JC-22: Diodes and Thyristors
JC-25: Transistors
JC-40: Digital Logic
JC-42: RAM Memory
JC-45: Memory Modules
JC-63: Multiple Chip Package
JC-64: Flash Memory Module
JC-65: RFID
S
o Press Releases
o JEDEC in the News
o 50th Anniversary
o Media Kit
e Events & Meetings
o All Events & Meetings
o ROCS Workshop (GaAs)
e Join JEDEC
o Apply for Membership
o Membership Benefits
o Membership Dues & Details
e Members Area
e Order JEP 95 and JESD21-C Related Products
e Privacy Policy

Standards & Documents Search: JESD (JEDEC
Standards)

Results 1 - 20 of 296

2000000000

Z
o

Results

Filter by Document Number or Partial Document Number

Title Document # Date
LEADLESS CHIP CARRIER PINOUTS STANDARDIZED FOR LINEARS: JESDI1 fggz

This standard shows how to convert existing DIP pinouts for op-amps, comparators, and D/A converters, to
chip carrier packages.

Committee(s): JC-41

Download JESD1

Free download. Registration or login required.
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http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-15
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-16
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-22
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-25
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-40
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-42
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-45
http://web.archive.org/web/20100224045304/http://www.jedec.org/committees/jc-63
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Title Document # Date

LOW FREQUENCY POWER TRANSISTORS:Status: Reaffirmed September JESD10 Jan
1981, October 2002 1976

This standard consists of a listing of letter symbols, terms, and definitions that are used in power transistors. It
also includes information on JEDEC registration procedures, verification tests, and thermal characteristics.

Committee(s): JC-25

Download JESD10

Free download. Registration or login required.

TERMS, DEFINITIONS, AND LETTER SYMBOLS FOR
MICROCOMPUTERS, MICROPROCESSORS, AND MEMORY INTEGRATED JESD100B.01
CIRCUITS:

Dec
2002

A revised reference for technical writers and educators, manufacturers, buyers and users of microprocessors,
microcomputers, mircocontrollers, memory ICs, and other complex devices. The terms and their definitions in
this standard have been updated and are in general agreement with the latest publications of the IEEE and the
IEC. The companion standard for other integrated circuits is JESD99A. Also included is a system for generating
symbols for time intervals found in complex sequential circuits, including memories. JESD100B.01 is the first
minor revision of JESD100-B, December 1999. Annex A briefly shows entries that have changed.

Committee(s): JC-10

Download JESD100B.01

Free download. Registration or login required.

CHIP CARRIER PINOUTS STANDARDIZED FOR CMOS 4000, HC AND HCT JESD11 Dec
SERIES OF LOGIC CIRCUITS: 1984

This standard indicates the procedures used to convert existing DIP and flat packages for digital parts (SSI &
MSI) to chip carrier packages.

Committee(s): JC-40.2

Download JESD11

Free download. Registration or login required.

SEMICUSTOM INTEGRATED CIRCUITS (FORMERLY PUBLISHED AS JESD12 Jun
STANDARD FOR GATE ARRAY BENCHMARK SET): 1985

The purpose of these benchmarks is to provide a common set of high level functions which serve as vehicles for
comparing the performance of gate arrays implemented in any technology using any internal structure. These
benchmarks effectively provide an unbiased measure of gate array vendors' ability to implement a desired
complex function on a particular gate array at a known level of performance.

Committee(s): JC-44

Download JESD12
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Title Document # Date
Free download. Registration or login required.

ADDENDUM No. 1 to JESD12 - TERMS AND DEFINITIONS FOR GATE JESD12-1B Aug
ARRAYS AND CELL-BASED INTEGRATED CIRCUITS: i 1993

The purpose of this standard is to promote the uniform use of abbreviations, terms, and definitions throughout
the semiconductor industry. It is a useful guide for users, manufactures, educators, technical writers, and others
interested in the characterization, nomenclature, and classification of semicustom integrated circuits.

Committee(s): JC-44

Download JESD12-1B

Free download. Registration or login required.

ADDENDUM No. 2 to JESD12 - STANDARD FOR CELL-BASED JESD12-2 Feb
INTEGRATED CIRCUIT BENCHMARK SET: i 1986

The purpose of these benchmarks is to provide a common set of high level functions that serve as vehicles for
comparing the performance of cell-based ICs implemented in any technology using any internal structure.
JESD12-2 extends the gate array benchmark set (JESD12) to cell-based ICs.

Committee(s): JC-44

Download JESD12-2

Free download. Registration or login required.

ADDENDUM No. 3 to JESD12 - CMOS GATE ARRAY MACROCELL JESD12.3 Jun
STANDARD: ) 1986

This standard defines a minimum set of macro cell standards for CMOS gate arrays. A total of 41 macro cell
types are addressed, all of which are commonly used by gate array designers to implement Application Specific
Integrated Circuits.

Committee(s): JC-44

Download JESD12-3

Free download. Registration or login required.

ADDENDUM No. 4 to JESD12 - METHOD OF SPECIFICATION OF
PERFORMANCE PARAMETERS FOR CMOS SEMICUSTOM INTEGRATED JESD12-4
CIRCUITS:

Apr
1987

This standard defines how to specify various performance parameters of semicustom ICs, including cell and
interconnect propagation delays, input/output levels and capacitance, and power dissipation.

Committee(s): JC-44

Download JESD12-4

Free download. Registration or login required.
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Title Document # Date

ADDENDUM No. 5 to JESD12 - DESIGN FOR TESTABILITY GUIDELINES: JESD12-5

This standard is intended to provide circuit designers with the information needed to develop complex
integrated circuits that can be reliably and economically tested without compromising flexibility.

Committee(s): JC-44

Download JESD12-5

Free download. Registration or login required.

ADDENDUM No. 6 to JESD12 - INTERFACE STANDARD FOR JESD12-6 Mar
SEMICUSTOM INTEGRATED CIRCUITS: i 1991

This standard defines logic interface levels for CMOS, TTL, ECL, and BiCC inputs and outputs. This standard
is intended to provide an industry-wide set of specifications, for Application Specific Integrated Circuit (ASIC)
signal inputs and outputs, both necessary and sufficient to define a circuits electrical interfacing with the
external environment. JESD12-6 is intended to provide the ASIC manufacturer and user with a common set of
signal interface levels. The standard defines interface levels for 5 volt operation.

Committee(s): JC-44

Download JESD12-6

Free download. Registration or login required.

STANDARD SPECIFICATION FOR DESCRIPTION OF B SERIES CMOS JESD13-B May
DEVICES: i 1980

This standard provides for uniformity, multiplicity of sources, elimination of confusion, and ease of device
specifications and system design by users. It gives electrical levels and timing diagrams for B Series CMOS
devices.

Committee(s): JC-40.2

Download JESD13-B

Free download. Registration or login required.

SEMICONDUCTOR POWER CONTROL MODULES:Status: Reaffirmed June JESD14 Nov
1992, April 1999, April 2002 1986

Semiconductor Power Control Modules (SPCM) are modules consisting of thyristors or transistors, or both, as
the primary controlling elements. Methods of manufacture of semiconductor power control modules include the
assembling of individual components and the use of semiconductor hybrids or monolithic processing
technologies, or both.

Committee(s): JC-22.2

Download JESD14

Free download. Registration or login required.
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Oct

THERMAL MODELING OVERVIEW JESD15 2008

This document and the associated series of documents are intended to promote the continued development of
modeling methods, while providing a coherent framework for their use by defining a common vocabulary to
discuss modeling, creating requirements for what information should be included in a thermal modeling report,
and specifying modeling procedures, where appropriate, and validation methods. This document provides an
overview of the methodology necessary for performing meaningful thermal simulations for packages containing
semiconductor devices. The actual methodology components are contained in separate detailed documents.

Committee(s): JC-15.1, JC-15

Download JESD15

Free download. Registration or login required.

Oct

COMPACT THERMAL MODEL OVERVIEW JESD15-1 2008

This document should be used in conjunction with the master document, JESD15, and JESD15-2, and
subsidiary documents as they become available. This document is intended to function as an overview to
support the effective use of Compact Thermal Model (CTM) methodologies as specified in the companion
methods documents. At present, there are two such documents; JESD15-3, and JESD15-4.

Committee(s): JC-15.1, JC-15

Download JESD15-1

Free download. Registration or login required.

Jul

TWO-RESISTOR COMPACT THERMAL MODEL GUIDELINE JESD15-3 2008

This document specifies the definition and construction of a two-resistor compact thermal model (CTM) from
the JEDEC junction-to-case and junction-to-board thermal metrics. The guidance provided in this document
only applies to thermal metrics defined in JEDEC standards JESD51-8 and JESD51-12. The scope of this
document is limited to single-die packages that can be effectively represented by a single junction temperature.

Committee(s): JC-15

Download JESD15-3

Free download. Registration or login required.

Oct

DELPHI COMPACT THERMAL MODEL GUIDELINE JESD15-4 2008

This guideline specifies the definition and lists acceptable approaches for constructing a compact thermal model
(CTM) based on the DELPHI methodology. The purpose of this document is twofold. First, it aims to provide
clear guidance to those seeking to create DELPHI compact models of packages. Second, it aims to provide
users with an understanding of the methodology by which they are created and validated, and the issues
associated with their use.

XILINX EXHIBIT 1009
Page 25


http://web.archive.org/web/20100224045304/http://www.jedec.org/sites/default/files/docs/JESD15.pdf
http://web.archive.org/web/20100224045304/http://www.jedec.org/category/committees/jc-15/jc-152
http://web.archive.org/web/20100224045304/http://www.jedec.org/category/committees/jc-15/jc-152
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/register?destination=node/15437
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/register?destination=node/15437
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/login?destination=node/15437
http://web.archive.org/web/20100224045304/http://www.jedec.org/sites/default/files/docs/JESD15-1.pdf
http://web.archive.org/web/20100224045304/http://www.jedec.org/category/committees/jc-15/jc-152
http://web.archive.org/web/20100224045304/http://www.jedec.org/category/committees/jc-15/jc-152
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/register?destination=node/15468
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/register?destination=node/15468
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/login?destination=node/15468
http://web.archive.org/web/20100224045304/http://www.jedec.org/sites/default/files/docs/JESD15-3.pdf
http://web.archive.org/web/20100224045304/http://www.jedec.org/category/committees/jc-15/jc-152
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/register?destination=node/14494
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/register?destination=node/14494
http://web.archive.org/web/20100224045304/http://www.jedec.org/user/login?destination=node/14494
http://web.archive.org/web/20100224045304/http://www.jedec.org/sites/default/files/docs/JESD15-4.pdf

Title Document # Date

Committee(s): JC-15

Download JESD15-4

Free download. Registration or login required.

ASSESSMENT OF AVERAGE OUTGOING QUALITY LEVELS IN PARTS PER JESD16-A Apr
MILLION (PPM):Status: Reaffirmed September 2008 1995

This standard was revised to clarify assumptions necessary to estimate AOQ, revise the minimum sample size
algorithm, address small sample size concerns, and provide methods for combining groups for AOQ estimation.
Derivation of any new methods for combing groups for AOQ estimation. Derivation of any new methods
introduced into this document have been provided in annexes. A statistical method is based on confidence
interval statistics. A procedure was established for reporting AOQ when the minimum sample size criterion is
not met. Not all sections of EIA-554 are appropriate for use by device manufacturers therefore JEDEC wishes
to continue using JESD16A. In December 2008 the formulating committee approved to remove EIA-554 (July
1996, Reaffirmed September 2002) from the JEDEC website. To obtain a copy of EIA-554 please contact GEIA
at http://www.geia.org/

Committee(s): JC-13

Download JESD16-A

Free download. Registration or login required.

LATCH-UP IN CMOS INTEGRATED CIRCUITS - SUPERSEDED BY JESD78, IESD17 Aug
February 1999Status: Rescinded February 1999 1988

Committee(s): JC-40.2

Download JESD17

Free download. Registration or login required.

STANDARD FOR DESCRIPTION OF FAST CMOS TTL COMPATIBLE JESDI8-A Jan
LOGIC: i 1993

The purpose of this standard is to provide for uniformity, multiplicity of sources, elimination of confusion, and
ease of device specification and design by users. The standard covers specifications for description of
'54/TAFCTXXXX' series fast CMOS TTL compatible devices.

Committee(s): JC-40.2

Download JESD18-A

Free download. Registration or login required.
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JEDEC Standard No. 79

Double Data Rate (DDR) SDRAM Specification

(The material contained in this standard was formulated under the cognizance of the JC-42.3
Subcommittee on RAM Memories and approved by the JEDEC Board of Directors. The text in
this standard is from the following BoD Ballots: JCB-99-70, JCB-99-84, JCB-00-08, JCB-00-10
JCB-00-11, JCB-00-12, JCB-00-13, and JCB-00-23.)

1 Purpose

To define the minimum set of requirements for JEDEC-compliant 64M x4/x8/x16 DDR
SDRAMs. System designs based on the required aspects of this specification will be supported
by all DDR SDRAM vendors providing JEDEC compliant devices.

2 Scope

This comprehensive standard defines all required aspects of 64M x4/x8/x16 DDR SDRAMs,
including features, functionality, AC and DC parametrics, packages and pin assignments. This
scope will subsequently be expanded to formally apply to x32 devices, and higher density
devices as well.
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DOUBLE DATA RATE (DDR) SDRAM SPECIFICATION

16 M x4 (4 M x4 x4 banks), 8 M x8 (2 M x8 x4 banks), 4 M x16 (1 M x16 x4 banks)

FEATURES

 Double—data—rate architecture; two data transfers
per clock cycle

« Bidirectional, data strobe (DQS) is transmitted/re-
ceived with data, to be used in capturing data at
the receiver

« DQS is edge—-aligned with data for READs; cen-
ter—aligned with data for WRITEs

» Differential clock inputs (CK and CK)

» DLL aligns DQ and DQS transitions with CK transi-
tions

« Commands entered on each positive CK edge;
data and data mask referenced to both edges of
DQS

* Four internal banks for concurrent operation

» Data mask (DM) for write data

* Burst lengths: 2, 4, or 8

e CAS Latency: 2 or 2.5

* AUTO PRECHARGE option for each burst access

» Auto Refresh and Self Refresh Modes

¢ 15.6 us Maximum Average Periodic Refresh Inter-
val

e 2.5V (SSTL_2 compatible) I/O

*VDDQ =+2.5V 0.2V

* VDD =+3.3V10.3Vor+25V 0.2V

GENERAL DESCRIPTION

The 64 Mb DDR SDRAM is a high—speed CMOS, dy-
namic random-access memory containing
67,108,864 bits. It is internally configured as a quad—
bank DRAM.

The 64 Mb DDR SDRAM uses a double—data—rate
architecture to achieve high—speed operation. The
double data rate architecture is essentially a 2n pre-
fetch architecture with an interface designed to trans-
fer two data words per clock cycle at the 1/O pins. A
single read or write access for the 64 Mb DDR SDRAM
effectively consists of a single 2n-bit wide, one clock
cycle data transfer at the internal DRAM core and two
corresponding n—bit wide, one—half—clock—cycle data
transfers at the 1/0 pins.

A bidirectional data strobe (DQS) is transmitted ex-
ternally, along with data, for use in data capture at the
receiver. DQS is a strobe transmitted by the DDR
SDRAM during READs and by the memory controller
during WRITEs. DQS is edge—aligned with data for
READs and center—aligned with data for WRITEs.

The 64 Mb DDR SDRAM operates from a differential
clock (CK and CK; the crossing of CK going HIGH and

CK going LOW will be referred to as the postive edge of
CK). Commands (address and control signals) are reg-
istered at every positive edge of CK. Input data is regis-
tered on both edges of DQS, and output data is refer-
enced to both edges of DQS, as well as to both edges
of CK.

Read and write accesses to the DDR SDRAM are
burst oriented; accesses start at a selected location
and continue for a programmed number of locations in
a programmed sequence. Accesses begin with the
registration of an ACTIVE command, which is then fol-
lowed by a READ or WRITE command. The address
bits registered coincident with the ACTIVE command
are used to select the bank and row to be accessed.
The address bits registered coincident with the READ
or WRITE command are used to select the bank and
the starting column location for the burst access.

The DDR SDRAM provides for programmable read
or write burst lengths of 2, 4 or 8 locations. An AUTO
PRECHARGE function may be enabled to provide a
self-timed row precharge that is initiated at the end of
the burst access.

As with standard SDRAMSs, the pipelined, multibank
architecture of DDR SDRAMs allows for concurrent
operation, thereby providing high effective bandwidth
by hiding row precharge and activation time.

An auto refresh mode is provided, along with a pow-
er—saving, power—down mode. All inputs are compat-
ible with the JEDEC Standard for SSTL_2. All outputs
are SSTL_2, Class Il compatible.

Initial devices will have a VDD supply of 3.3 V (nomi-
nal). Eventually, all devices will migrate to a VDD sup-
ply of 2.5 V (nominal). During this initial period of prod-
uct availability, this split will be vendor and device
specific.

This data sheet includes all features and functional-
ity required for JEDEC DDR devices; options not re-
quired, but listed, are noted as such. Certain vendors
may elect to offer a superset of this specification by of-
fering improved timing and/or including optional fea-
tures. Users benefit from knowing that any system de-
sign based on the required aspects of this
specification are supported by all DDR SDRAM ven-
dors; conversely, users seeking to use any superset
specifications bear the responsibility to verify support
with individual vendors.

Note: The functionality described in, and the tim-
ing specifications included in this data sheet are
for the DLL Enabled mode of operation.

Note: This specification defines the minimum set of requirements for JEDEC 64 M x4/x8/x16 DDR
SDRAMSs. Vendors will provide individual data sheets in their specific format. Vendor data sheets should
be consulted for optional features or superset specifications.
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4M X 16 DDR SDRAM

8M X 8 DDR SDRAM

16M X 4 DDR SDRAM
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64 M DDR SDRAM (X4, X8, & X16) IN TSOP2 & LSOJ
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FUNCTIONAL BLOCK DIAGRAM - x4 CONFIGURATION

Sn CONTROL
__ a LOGIC
E E(g
BANK3
RS 23
Qouw
[6]a]

arc DRVR aorc
| GENERATOR (OPTIONAL)
—I REFRESH [73
| MODE REGISTERS | COUNTER
ROW- 12 BANKO
| ADDRESS ROW- BANKO o
Z MUX ADDRESS MEMORY
12E 4096
| [N LATCH ARRAY
12 & (4,006 x 512x 8)
| | V] DECODER 4
8 READ
| | SENSE AMPLIFIERS LATCH | 4
| | Das
GENERATOR

| DQO -
| DQ3, DM

| 2 1/0 GATING < »> INPUT
| DM MASK LOGIC g REGISTERS pas

BANK
AO-A11, ) ADDRESS [— - __|conTROL
BAO, BA1 REGISTER |— Loaic
2 = WRITE
512 8 FIFO

2‘ (x8) &
DRIVERS

COLUMN CK f;K
DECODER out n
COLUMN- f
N ADDRESS 9 oK
i /| COUNTERY

| LATCH

L__________%,ﬂi_______ S

Note 1: This Functional Block Diagram is intended to facilitate user understanding of the operation of the device; it does
not represent an actual circuit implementation.

Note 2: DM is a unidirectional signal (input only) but is internally loaded to match the load of the bidirectional DQ and
DQS signals.
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FUNCTIONAL BLOCK DIAGRAM - x8 CONFIGURATION

CONTROL
LOGIC

COMMAND
DECODE

| arc arc
DRVR 9
| _l GENERATOR (OPTIONAL)
MODE REGISTERS | | |
| pow. | 15 g s
| | ADDRESS ROW- BANKO o
45 MUX ADDRESS | 7558 MEMORY
LATCH ARRAY
| 12 & (4,096 x 256 x 16) DATA
| | 14 DECODER 8 /
% 3| rReap
| | SENSE AMPLIFIERS LATCH [ 8
| | DQs
GENERATOR

| DQO -
| DQ7, DM
| | DM MASK LOGIC 16 REGISTERS

BANK DQs
AO-A11, 7)) ADDRESS (= — — — ___ __|CONTROL
BAO, BA1 REGISTER |— Loaic
2 = WRITE
16 FIFO

256
Z‘(xw) &
DRIVERS

| >
| COLUMN CK FJK
DECODER out n
| COLUMN- f
| N ADDRESS 8 oK coLo
9 COUNTER/

| V LATCH

[—#— coLo .
| ! ‘

|

|

|

|

|

|
R

2 1/0 GATING < > INPUT

|

|

|

|

|

|

|

|

|

|
|

Note 1: This Functional Block Diagram is intended to facilitate user understanding of the operation of the device; it does
not represent an actual circuit implementation.

Note 2: DM is a unidirectional signal (input only) but is internally loaded to match the load of the bidirectional DQ and
DQS signals.
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FUNCTIONAL BLOCK DIAGRAM - x16 CONFIGURATION
r———""—>—> """FF~—F~~—F——"7F——7"-—- - a
I |
I |
| I
CKEn—>¢— |
= |
cK
S a CONTROL |
- Zw LoGic
WE::i: ke |
o _.&_ § E BANK3 |
ﬁL,?_ |
| -
| _l GENERATOR (OPTIONAL)
| | e
| = | T P s e
2 LaTCH  [4096 M;fprlwms‘{
| 12 & (4,096 x 128 x 32)
| | V DECODER 16
| | SENSE AMPLIFIERS = S\%?—l 16
| | GENERATOR
|
: | 2 1/0 GATING < INPUT
DM MASK LOGIC 32 REGISTERS
A0-At1, ADDRESS [ |_ _____ CONTROL
BAO, BAT 14 ) REGISTER |— . LoGIC
= 2 | o
| 1) DRIVERS
|
DEGODER an
| COLUMN-
| 3 N ADDRESS 7 CcK
| ) o B
| 1
|
|
S

Note 1: This Functional Block Diagram is intended to facilitate user understanding of the operation of the device; it does

not represent an actual circuit implementation.

Note 2: LDM and UDM are unidirectional signals (input only) but are internally loaded to match the load of the bidirec-

tional DQ and DQS signals.
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PIN DESCRIPTIONS

SYMBOL

TYPE

DESCRIPTION

CK, CK

Input

Clock: CK and CK are differential clock inputs. All address and control input signals
are sampled on the crossing of the positive edge of CK and negative edge of CK.
Output (read) data is referenced to the crossings of CK and CK (both directions of
crossing).

CKE(n)

Input

Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock sig-
nals, and device input buffers and output drivers. Taking CKE LOW provides PRE-
CHARGE POWER-DOWN and SELF REFRESH operation (all banks idle), or AC-
TIVE POWER-DOWN (row ACTIVE in any bank). CKE is synchronous for POW-
ER-DOWN entry and exit, and for SELF REFRESH entry. CKE is asynchronous for
SELF REFRESH exit, and for output disable. CKE must be maintained high
throughout READ and WRITE accesses. Input buffers, excluding CK, CK and CKE
are disabled during POWER-DOWN. Input buffers, excluding CKE are disabled
during SELF REFRESH. CKE is an SSTL_2 input, but will detect an LVCMOS LOW
level after Vdd is applied. The standard pinout includes one CKE pin. Optional pin-
outs include CKEO and CKE1 on different pins, to facilitate device stacking.

Input

Chip Select: All commands are masked when S is registered high. S provides for
external bank selection on systems with multiple banks. S is considered part of the
command code. The standard pinout includes one S pin. Optional pinouts include
S0 and S1 on different pins, to facilitate device stacking.

Input

Command Inputs: RAS, CAS and WE (along with S) define the command being
entered.

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked
when DM is sampled HIGH along with that input data during a WRITE access. DM
is sampled on both edges of DQS. Although DM pins are input only, the DM loading
matches the DQ and DQS loading. For the x16, LDM corresponds to the data on
DQO-DQ7; UDM corresponds to the data on DQ8-DQ15.

BAO, BAl

Input

Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, Read, Write
or PRECHARGE command is being applied.—

AO-A11

Input

Address Inputs: Provide the row address for ACTIVE commands, and the column
address and AUTO PRECHARGE bit for READ/WRITE commands, to select one
location out of the memory array in the respective bank. A10 is sampled during a
precharge command to determine whether the PRECHARGE applies to one bank
(A210 LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank
is selected by BAO, BAl. The address inputs also provide the op—code during a
MODE REGISTER SET command. BAO and BA1 define which mode register is
loaded during the MODE REGISTER SET command (MRS or EMRS).

DQ

I/0

Input/Output: Data bus

DQS

I/0

Data Strobe: Output with read data, input with write data. Edge—aligned with read
data, centered in write data. Used to capture write data. For the x16, LDQS corre-
sponds to the data on DQO-DQ7; UDQS corresponds to the data on DQ8-DQ15.

Output

FET Control: Optional. Output during every Read and Write access. Can be used to
control isolation switches on modules. Open drain output.

No Connect: No internal electrical connection is present.

Supply

DQ Power Supply: +2.5V 0.2 V.

Supply

DQ Ground.

Supply

Power Supply: One of +3.3 V £0.3 V or +2.5 V +0.2 V (device specific).

Supply

Ground.

Input

SSTL_2 reference voltage.
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FUNCTIONAL DESCRIPTION

The 64 Mb DDR SDRAM is a high—speed CMOS,
dynamic random-access memory containing
67,108,864 bits. The 64 Mb DDR SDRAM is inter-
nally configured as a quad—bank DRAM.

The 64 Mb DDR SDRAM uses a double—data—
rate architecture to achieve high—speed operation.
The double—data—rate architecture is essentially a
2n prefetch architecture, with an interface designed
to transfer two data words per clock cycle at the I/O
pins. A single read or write access for the 64 Mb
DDR SDRAM consists of a single 2n—bit wide, one
clock cycle data transfer at the internal DRAM core
and two corresponding n—bit wide, one—half clock
cycle data transfers at the 1/O pins.

Read and write accesses to the DDR SDRAM are
burst oriented; accesses start at a selected location
and continue for a programmed number of locations
in a programmed sequence. Accesses begin with
the registration of an ACTIVE command, which is
then followed by a READ or WRITE command. The
address bits registered coincident with the ACTIVE
command are used to select the bank and row to be
accessed (BAO, BAL select the bank; AO—A11 se-
lect the row). The address bits registered coincident
with the READ or WRITE command are used to se-
lect the starting column location for the burst ac-
cess.

Prior to normal operation, the DDR SDRAM must
be initialized. The following sections provide de-
tailed information covering device initialization, reg-
ister definition, command descriptions and device
operation.

INITIALIZATION

DDR SDRAMSs must be powered up and initialized
in a predefined manner. Operational procedures
other than those specified may result in undefined
operation. Power must first be applied to VDD, then
to VDDQ, and finally to VREF (and to the system
VTT). VTT must be applied after VDDQ to avoid de-
vice latch—up, which may cause permanent dam-
age to the device. Vref can be applied any time after
VDDQ, but is expected to be nominally coincident
with Vtt. Except for CKE, inputs are not recognized
as valid until after VREF is applied. CKE is an
SSTL_2input, but will detectan LVCMOS LOW lev-
el after VDD is applied. Maintaining an LVCMOS
LOW level on CKE during power—up is required to
guarantee that the DQ and DQS outputs will be in
the High—Z state, where they will remain until driven
in normal operation (by a read access). After all
power supply and reference voltages are stable,
and the clock is stable, the DDR SDRAM requires a
200 ps delay prior to applying an executable com-
mand.

Once the 200 us delay has been satisfied, a DE-
SELECT or NOP command should be applied, and
CKE should be brought HIGH. Following the NOP
command, a PRECHARGE ALL command should
be applied. Next a MODE REGISTER SET com-
mand should be issued for the Extended Mode Reg-
ister, to enable the DLL, then a MODE REGISTER
SET command should be issued for the Mode Reg-
ister, to reset the DLL, and to program the operating
parameters. 200 clock cycles are required between
the DLL reset and any read command. A PRE-
CHARGE ALL command should be applied, placing
the device in the "all banks idle” state.

Once in the idle state, two AUTO refresh cycles
must be performed. Additionally, a MODE REG-
ISTER SET command for the Mode Register, with
the reset DLL bit deactivated (i.e., to program oper-
ating parameters without resetting the DLL) must
be performed. Following these cycles, the DDR
SDRAM is ready for normal operation.

REGISTER DEFINITION

MODE REGISTER

The Mode Register is used to define the specific
mode of operation of the DDR SDRAM. This defini-
tion includes the selection of a burst length, a burst
type, a CAS latency, and an operating mode, as
shown in Figure 1. The Mode Register is pro-
grammed via the MODE REGISTER SET com-
mand (with BAO = 0 and BA1 = 0) and will retain the
stored information until it is programmed again or
the device loses power (except for bit A8, which is
self—clearing).

Mode Register bits A0-A2 specify the burst
length, A3 specifies the type of burst (sequential or
interleaved), A4—A6 specify the CAS latency, and
A7-A11 specify the operating mode.

The Mode Register must be loaded when all
banks are idle and no bursts are in progress, and the
controller must wait the specified time before initiat-
ing any subsequent operation. Violating either of
these requirements will result in unspecified opera-
tion.

Burst Length

Read and write accesses to the DDR SDRAM are
burst oriented, with the burst length being program-
mable, as shown in Figure 1. The burstlength deter-
mines the maximum number of column locations
that can be accessed for a given READ or WRITE
command. Burst lengths of 2, 4, or 8 locations are
available for both the sequential and the interleaved
burst types.

Reserved states should not be used, as unknown
operation or incompatibility with future versions
may result.
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When a READ or WRITE command is issued, a
block of columns equal to the burst length is effec-
tively selected. All accesses for that burst take
place within this block, meaning that the burst will
wrap within the block if a boundary is reached. The
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Table 1

BURST DEFINITION

block is uniquely selected by A1-Ai when the burst Burst Starting Order of Accesses Within a Burst
i _ A Coumn
!ength is set to two, by A2 _Al when the burst Iengt_h Length adrees: | Type = Sequential | Type = Intericaved
is set to four and by A3—Ai when the burst length is
set to eight (where Ai is the most significant column A0
address bit for a given configuration). The remain- 2 0 0-1 0-1
ing (least significant) address bit(s) is (are) used to 1 0 0
select the starting location within the block. The pro-
grammed burst length applies to both read and write AL AD
bursts. 0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
BAL BAO AL A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0  Address Bus 1 1 3-0-1-2 3-2-1-0
ARRRRRRARERAR
0 0 0 |0-1-2-3-4-5-6-7 | 0-1-2-3-4-5-6-7
13/12 /11 /10 / 9 8/7 65, 4 /3 /2 1/0 Mode Register
| oo | operatingmode | casLatency |e7 | surst Length 0o 0 1 |1-2-3-456-70 |1-0-3-2-54-7-6
0 1 0 |2-3-4-5-6-7-0-1 | 2-3-0-1-6-7-4-5
 BAL and BAO must g8 [0 1 1 |3-4-5-6-7-0-1-2 |3-2-1-0-7-6-5-4
o c Burst Length
e e - 1 0 0 |4567-0123 |4567-0123
- A2 Al AO A3=0 A3=1
extended mode register). 0 0 O Reserved Reserved 1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
co-l 2 2 1 1 0 |67-0-1-2-345 |6-7-4-52-3-0-1
0 1 0 4 4
0 1 1 8 8 1 1 1 | 7-0-1-2-3-4-5-6 | 7-6-5-4-3-2-1-0
1 0 0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Reserved Reserved
A3 Burst Type
0 Sequential
1 Interleaved
A6 A5 A4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2
0o 1 1 3 (optional) Note: 1. For a burst length of two, A1-Ai selects the two—
1 0 o0 Reserved data—element block; AO selects the first access
10 1 1.5 (optional) within the block.
T 1 o e 2. For a burst length of four, A2—Ai selects the four—
1 . p— data—element block; AO—A1 selects the first ac-

An—A9 A8 |A7 AB-AD Operating Mode

0 0ofo0 Valid Normal Operation
0 110 Valid Normal Operation/Reset DLL
0 0|1 Vs Vendor Specific T est Mode

All other states reserved

VS = Vendor Specific

Figure 1
MODE REGISTER DEFINITION

Release 1

cess within the block.

. For a burst length of eight, A3—Ai selects the eight—

data—element block; AO—-A2 selects the first ac-
cess within the block.

. Whenever a boundary of the block is reached with-

in a given sequence above, the following access
wraps within the block.
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Burst Type

Accesses within a given burst may be pro-
grammed to be either sequential or interleaved; this
is referred to as the burst type and is selected via bit
A3.

The ordering of accesses within a burst is deter-
mined by the burst length, the burst type and the
starting column address, as shown in Table 1.

Read Latency

The READ latency is the delay, in clock cycles, be-
tween the registration of a READ command and the
availability of the first piece of output data. The la-
tency can be set to 2 or 2.5 clocks (latencies of 1.5
or 3 are optional, and one or both of these optional
latencies might be supported by some vendors).

If a READ command is registered at clock edge n,
and the latency is m clocks, the data will be available
nominally coincident with clock edge n + m. Table 2
below indicates the operating frequencies at which
each CAS latency setting can be used.

Reserved states should not be used as unknown
operation, or incompatibility with future versions
may result.

Operating Mode

The normal operating mode is selected by issuing
a Mode Register Set command with bits A7-A11
each set to zero, and bits AO—A6 set to the desired
values. A DLL reset is inititated by issuing a Mode
Register Set command with bits A7 and A9-A11
each set to zero, bit A8 set to one, and bits AO—A6
setto the desired values. A Mode Register Set com-
mand issued to reset the DLL should always be fol-
lowed by a Mode Register Set command to select
normal operating mode.

All other combinations of values for A7-A11l are
reserved for future use and/or test modes. Test
modes and reserved states should not be used be-
cause unknown operation or incompatibility with fu-
ture versions may result.

Table 2
CAS LATENCY AND FREQUENCY

MAXIMUM OPERATING
FREQUENCY (MHz)*

DDR-266A | DDR-266B | DDR-200
CL2 133 100 100
CL2.5 143 133 125

* Values are nominal (i.e., may have been rounded off; exact
tCK should be used).

Terminology Definitions.  The following are
definitions of the terms DDR-200 & DDR-266 as
used in this specification

DDR-200: A speed grade for DDR SDRAM de-
vices. The nominal operating (clock) frequency of
such devices is 100 MHz (meaning that although
the devices operate over a range of clock frequen-
cies, the timing specifications included in this speed
grade are tailored to a 100 MHz clock frequency).
The corresponding nominal data rate is 200 MHz.

DDR-266n: Speed grades for DDR SDRAM de-
vices. The nominal operating (clock) frequency of
such devices is 133 MHz (meaning that although
the devices operate over a range of clock frequen-
cies, the timing specifications included in this speed
grade are tailored to a 133 MHz clock frequency).
The corresponding nominal data rate is 266 MHz.
Devices designated as DDR-266B will operate with
CAS Latency = 2.5 clock periods at a 133 MHz clock
frequency. Devices designated as DDR—266A will
operate with CAS Latency = 2 clock periods ata 133
MHz clock frequency.

Release 1

XILINX EXHIBIT 1009

Page 42



JESD 79
Page 11

CK
CcK
cL=2
DOS S T
po C XX )

CK
CcK
CL=25
DOS S o
bo C A X —1

/ ,
7 DON'T CARE

Burst Length = 4 in the cases shown
Shown with nominal tDQSCK, and tDQSQ

Figure 2
REQUIRED CAS LATENCIES
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EXTENDED MODE REGISTER

The Extended Mode Register controls functions
beyond those controlled by the Mode Register;
these additional functions include DLL enable/dis-
able, output drive strength selection (optional), and
QFC output enable/disable (optional). These func-
tions are controlled via the bits shown in Figure 3.
The Extended Mode Register is programmed via
the MODE REGISTER SET command (with BAO =
1 and BA1 =0) and will retain the stored information
until it is programmed again or the device loses
power.

The Extended Mode Register must be loaded
when all banks are idle and no bursts are in prog-
ress, and the controller must wait the specified time
before initiating any subsequent operation. Violat-
ing either of these requirements will result in un-
specified operation.

DLL Enable/Disable

The DLL must be enabled for normal operation.
DLL enable is required during power—up initializa-
tion, and upon returning to normal operation after
having disabled the DLL for the purpose of debug or
evaluation (upon exiting Self Refresh Mode, the
DLL is enabled automatically). Any time the DLL is
enabled, 200 clock cycles must occur before a
READ command can be issued.

Output Drive Strength

The normal drive strength for all outputs is speci-
fied to be SSTL_2, Class Il. Some vendors might
also support a weak driver strength option, intended
for lighter load and/or point—to—point environments.
I-V curves for the normal drive strength are in-
cluded in this document; the curves for the weak
drive strength will be included in a future revision.

QFC Enable/Disable

The QFC signal might be provided by certain ven-
dors to control FET switches used to isolate module
loads from the system memory bus at times when
the given module is not being accessed.

BA1 BAO A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus

ARRRRRRREREAL:

13 /12 /11 /10 /9

8 /7

65,

4

‘ 0* ‘ 1* [ Operating Mode

3 /2 /1 /0 Extended Mode Register
IQFC ‘ DS ‘DLL

*BAl and BAO A0 | DLL
must be 0, 1 to select the 0 | Enable
Extended Mode Registef (vs. the
base Mode Register). 1 | Disable
Al | Drive Strength
0 Normal
1 | Weak (optional)
A2 QFC
0 Disable
1 Enable (optional)
An—A3 A2 - A0 Operating Mode
0 Valid Normal Operation
- — All other states reserved
Figure 3
EXTENDED MODE REGISTER
DEFINITION
Release 1
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COMMANDS

Truth Table 1 provides a quick reference of available commands. This is followed by a verbal description of
each command. Two additional Truth Tables appear following the Operation section; these tables provide
current state/next state information.

TRUTH TABLE 1la _ Commands

(Notes: 1)
NAME (Function ) S |RAS|CAS | WE ADDR NOTES
DESELECT (NOP) H X X X X 9
NO OPERATION (NOP) L H H H X 9
ACTIVE (Select bank and activate row) L L H H Bank/Row 3
READ (Select bank and column, and start READ burst) L H L H Bank/Col 4
WRITE (Select bank and column, and start WRITE burst) L H L L Bank/Col 4
BURST TERMINATE L H H L X 8
PRECHARGE (Deactivate row in bank or banks) L L H L Code 5
AUTO refresh or Self Refresh (Enter self refresh mode) L L L H X 6,7
MODE REGISTER SET L L L L Op—Code 2

NOTE: 1. CKE is HIGH for all commands shown except SELF REFRESH.

2. BAO-BA1 select either the Base or the Extended Mode Register (BAO = 0, BA1 = 0 selects
Mode Register; BAO = 1, BAl = 0 selects Extended Mode Register; other combinations of
BAO-BAL are reserved; AO—A11 provide the op—code to be written to the selected Mode Reg-
ister.

3. BAO-BA1 provide bank address and AO—A11 provide row address.

4. BAO-BA1 provide bank address; AO—Ai provide column address (where i = 7 for x16, 8 for x8
and 9 for x4); A10 HIGH enables the auto precharge feature (nonpersistent), A10 LOW dis-
ables the auto precharge feature.

5. A10 LOW: BAO-BA1 determine which bank is precharged.

A10 HIGH: all banks are precharged and BAO—BAL1 are "Don’t Care.”

6. This command is AUTO REFRESH if CKE is HIGH; SELF REFRESH if CKE is LOW.

7. Internal refresh counter controls row addressing; all inputs and I/Os are "Don’t Care” except for
CKE.

8. Applies only to read bursts with autoprecharge disabled; this command is undefined (and
should not be used) for read bursts with autoprecharge enabled, and for write bursts.

9. DESELECT and NOP are functionally interchangeable.

TRUTH TABLE 1b _ DM Operation

NAME (Function) DM DQs NOTES
Write Enable L Valid 1
Write Inhibit H X 1

NOTE: 1. Used to mask write data, provided coincident with the corresponding data.
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DESELECT

The DESELECT function prevents new com-
mands from being executed by the DDR SDRAM.
The DDR SDRAM is effectively deselected. Opera-
tions already in progress are not affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to
perform a NOP to an DDR SDRAM which is se-
lected (S is LOW). This prevents unwanted com-
mands from being registered during idle or wait
states. Operations already in progress are not af-
fected.

MODE REGISTER SET

The mode registers are loaded viainputs AO-A11.
See mode register descriptions in the Register Defi-
nition section. The MODE REGISTER SET com-
mand can only be issued when all banks are idle and
no bursts are in progress, and a subsequent execut-
able command cannot be issued until tMRD is met.

ACTIVE

The ACTIVE command is used to open (or acti-
vate) a row in a particular bank for a subsequent ac-
cess. The value on the BAO, BA1 inputs selects the
bank, and the address provided on inputs AO-A11
selects the row. This row remains active (or open)
for accesses until a precharge (or READ or WRITE
with AUTOPRECHARGE) is issued to that bank. A
PRECHARGE (or READ or WRITE with AU-
TOPRECHARGE) command must be issued be-
fore opening a different row in the same bank.

READ

The READ command is used to initiate a burst
read access to an active row. The value on the BAO,
BAL1 inputs selects the bank, and the address pro-
vided on inputs AO-Ai (where i =7 for x16, 8 for x8 or
9 for x4) selects the starting column location. The
value on input A10 determines whether or not auto
precharge is used. If auto precharge is selected, the
row being accessed will be precharged at the end of
the read burst; if auto precharge is not selected, the
row will remain open for subsequent accesses.

WRITE

The WRITE command is used to initiate a burst
write access to an active row. The value on the BAO,
BAL inputs selects the bank, and the address pro-
vided on inputs AO-Ai (where i =7 for x16, 8 for x8 or
9 for x4) selects the starting column location. The
value on input A10 determines whether or not auto
precharge is used. If auto precharge is selected, the
row being accessed will be precharged at the end of
the write burst; if auto precharge is not selected, the
row will remain open for subsequent accesses.

Input data appearing on the DQs is written to the
memory array subject to the DM input logic level ap-
pearing coincident with the data. If a given DM sig-
nal is registered LOW, the corresponding data will
be written to memory; if the DM signal is registered
HIGH, the corresponding data inputs will be ig-
nored, and a write will not be executed to that byte/
column location.

PRECHARGE

The PRECHARGE command is used to deacti-
vate the open row in a particular bank or the open
row in all banks. The bank(s) will be available for a
subsequent row access a specified time (tRP) after
the precharge command is issued. Input A10 deter-
mines whether one or all banks are to be pre-
charged, and in the case where only one bank is to
be precharged, inputs BAO, BA1 select the bank.
Otherwise BAO, BA1 are treated as "Don't Care.”
Once a bank has been precharged, it is in the idle
state and must be activated prior to any READ or
WRITE commands being issued to that bank. A
PRECHARGE command will be treated as a NOP if
there is no open row in that bank, or if the previously
open row is already in the process of precharging.

AUTO PRECHARGE

AUTO PRECHARGE is a feature which performs
the same individual-bank precharge function de-
scribed above, but without requiring an explicit com-
mand. This is accomplished by using A10 to enable
AUTO PRECHARGE in conjunction with a specific
READ or WRITE command. A precharge of the
bank/row that is addressed with the READ or
WRITE command is automatically performed upon
completion of the READ or WRITE burst. AUTO
PRECHARGE is nonpersistent in that it is either en-
abled or disabled for each individual Read or Write
command.

AUTO PRECHARGE ensures that the precharge
is initiated at the earliest valid stage within a burst.
The user must not issue another command to the
same bank until the precharge time (tRP) is com-
pleted. This is determined as if an explicit PRE-
CHARGE command was issued at the earliest pos-
sible time, as described for each burst type in the
Operation section of this data sheet.

BURST TERMINATE

The BURST TERMINATE command is used to
truncate read bursts (with autoprecharge disabled).
The most recently registered READ command prior
to the BURST TERMINATE command will be trun-
cated, as shown in the Operation section of this data
sheet.
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AUTO REFRESH

AUTO REFRESH is used during normal operation
of the DDR SDRAM and is analogous to /CAS-BE-
FORE-/RAS (CBR) refresh in previous DRAM
types. This command is nonpersistent, so it must be
issued each time a refresh is required.

The refresh addressing is generated by the inter-
nal refresh controller. This makes the address bits
"Don’'t Care” during an AUTO REFRESH com-
mand. The 64 Mb DDR SDRAM requires AUTO RE-
FRESH cycles at an average periodic interval of
15.6 ps (maximum).

To allow for improved efficiency in scheduling and
switching between tasks, some flexibility in the ab-
solute refresh interval is provided. A maximum of
eight AUTO REFRESH commands can be posted
to any given DDR SDRAM, meaning that the maxi-
mum absolute interval between any AUTO RE-
FRESH command and the next AUTO REFRESH
command is 9 * 15.6 s (140.4 ps).

SELF REFRESH

The SELF REFRESH command can be used to
retain data in the DDR SDRAM, even if the rest of
the system is powered down. When in the self re-
fresh mode, the DDR SDRAM retains data without
external clocking. The SELF REFRESH command
is initiated like an AUTO REFRESH command ex-
cept CKE is disabled (LOW). The DLL is automati-
cally disabled upon entering SELF REFRESH, and
is automatically enabled upon exiting SELF RE-
FRESH (200 clock cycles must then occur before a
READ command can be issued). Input signals ex-
cept CKE are "Don’t Care” during SELF REFRESH.

The procedure for exiting self refresh requires a
sequence of commands. First, CK must be stable
prior to CKE going back HIGH. Once CKE is HIGH,
the DDR SDRAM must have NOP commands is-
sued for tXSNR because time is required for the
completion of any internal refresh in progress. A
simple algorithm for meeting both refresh and DLL
requirements is to apply NOPs for 200 clock cycles
before applying any other command.

Release 1
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OPERATIONS
BANK/ROW ACTIVATION

Before any READ or WRITE commands can be
issued to a bank within the DDR SDRAM, a row
in that bank must be "opened.” This is accom-
plished via the ACTIVE command (Figure 4),
which selects both the bank and the row to be
activated.

After opening a row (issuing an ACTIVE com-
mand), a READ or WRITE command may be is-
sued to that row, subject to the tRCD specifica-
tion.

A subsequent ACTIVE command to a different
row in the same bank can only be issued after the
previous active row has been "closed” (pre-
charged). The minimum time interval between
successive ACTIVE commands to the same bank
is defined by tRC.

A subsequent ACTIVE command to another bank
can be issued while the first bank is being ac-
cessed, which results in a reduction of total row—
access overhead. The minimum time interval be-
tween successive ACTIVE commands to different
banks is defined by tRRD.

AO0-All

BAO,1

——

HIGH

/ =DON'T CARE

RA = Row Address

BA = Bank Address

Figure 4
ACTIVATING A SPECIFIC ROW IN A
SPECIFIC BANK

COMMAND

'RRD

Figure 5

RcD

tRCD and tRRD Definition

DON'T CARE
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Reads

READ bursts are initiated with a READ command, as
shown in Figure 6.

The starting column and bank addresses are provided
with the READ command and AUTO PRECHARGE is
either enabled or disabled for that burst access. If
AUTO PRECHARGE is enabled, the row that is ac-
cessed will start precharge at the completion of the
burst. For the generic READ commands used in the
following illustrations, AUTO PRECHARGE is dis-
abled.

During READ bursts, the valid data—out element from
the starting column address will be available following
the CAS latency after the READ command. Each sub-
sequent data—out element will be valid nominally at the
next positive or negative clock edge (i.e., at the next
crossing of CK and CK). Figure 7 shows general timing
for each possible CAS latency setting. DQS is driven
by the DDR SDRAM along with output data. The initial
LOW state on DQS is known as the read preamble; the
LOW state coincident with the last data—out element is
known as the read postamble.

Upon completion of a burst, assuming no other com-
mands have been initiated, the DQs will go High-Z.

Data from any READ burst may be concatenated with
or truncated with data from a subsequent READ com-
mand. In either case, a continuous flow of data can be
maintained. The first data element from the new burst
follows either the last element of a completed burst or
the last desired data element of a longer burst which is
being truncated. The new READ command should be
issued x cycles after the first READ command, where x
equals the number of desired data element pairs (pairs
are required by the 2n prefetch architecture). This is
shown in Figure 8. A READ command can be initiated
on any clock cycle following a previous READ com-
mand. Nonconsecutive READ data is shown for il-
lustration in Figure 9. Full-speed random read ac-
cesses within a page (or pages) can be performed as
shown in Figure 10.

Release 1
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CKE HIGH

i
\

x4:A0-A9

x8:A0-A8 ///m,/

x16:A0-A7

x4:Al11

x16:A8, A9, A1l

Al0

w I,
VA = DON'T CARE

CA = Column Address
BA = Bank Address
EN AP = Enable Autoprecharge

DIS AP = Disable Autoprecharge

Figure 6
READ COMMAND
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COMMAND

ADDRESS

DQS

QFC
(optional)

DQ

COMMAND

ADDRESS

DQS

QFC
(optional)

DQ < I >

¥/)) DON'T CARE

DO n = Data Out from column n
Burst Length = 4
3 subsequent elements of Data Out appear in the programmed order following DO n

Shown with nominal tDQSCK, and tDQSQ

Figure 7
READ BURST — REQUIRED CAS LATENCIES
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K —— —_ —_ _

COMMAND

ADDRESS

DQS

QFC
(optional)

bQ

COMMAND

ADDRESS

DQS

QFC
(optional)

Do % X i

(/) DON'T CARE
DO n (or b) = Data Out from column n (or column b)
Burst Length = 4 or 8 (if 4, the bursts are concatenated, if 8, the second burst interrupts the first)
3 subsequent elements of Data Out appear in the programmed order following DO n
3 (or 7) subsequent elements of Data Out appear in the programmed order following DO b
Shown with nominal tDQSCK, and tDQSQ
Read commands shown must be to the same device

Figure 8
CONSECUTIVE READ BURSTS — REQUIRED CAS LATENCIES

Release 1
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COMMAND

ADDRESS

OO O O X O
cK _/ __/ n__/ n__/ __/ _/

COMMAND

ADDRESS

DON'T CARE

DO n (or b) = Data Out from column n (or column b)

Burst Length =4
3 subsequent elements of Data Out appear in the programmed order following DO n (and following DO b)

Shown with nominal tDQSCK, and tDQSQ

Figure 9
NONCONSECUTIVE READ BURSTS — REQUIRED CAS LATENCIES

Release 1
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COMMAND ,/ READ
/ /
Bank, / Bank,

CL=2

DOS

QFC
(optional)

bo < n n X X b b

COMMAND

ADDRESS

DOS

QFC
(optional)

DO DO DO DO Do DO
00 G ED) 6D, D) D
DON'T CARE

DO n, etc. = Data Out from column n, etc.

n’, etc. = the next Data Out following DO n, etc. according to the programmed burst order
Burst Length = 2, 4 or 8 in cases shown

Reads are to active rows in any banks

Shown with nominal tDQSCK, and tDQSQ

Figure 10
RANDOM READ ACCESSES — REQUIRED CAS LATENCIES

Release 1
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Data from any READ burst may be truncated with
a BURST TERMINATE command, as shown in Fig-
ure 11. The BURST TERMINATE latency is equal to
the read (CAS) latency, i.e., the BURST TERMI-
NATE command should be issued x cycles after the
READ command, where x equals the number of de-
sired data element pairs.

Data from any READ burst must be completed or
truncated before a subsequent WRITE command
can be issued.

If truncation is necessary, the BURST TERMI-
NATE command must be used, as shown in Figure
12. The tDQSS MIN case is shown; the tDQSS
MAX case has a longer bus idle time (tDQSS MIN
and tDQSS MAX are defined in the section on
WRITES).

A READ burst may be followed by, or truncated
with, a PRECHARGE command to the same bank
(provided that AUTO PRECHARGE was not acti-
vated). The PRECHARGE command should be is-
sued x cycles after the READ command, where x
equals the number of desired data element pairs
(pairs are required by the 2n prefetch architecture).
This is shown in Figure 13 for READ latencies of 2,
and 2.5. Following the PRECHARGE command, a
subsequent command to the same bank cannot be
issued until tRP is met. Note that part of the row pre-
charge time is hidden during the access of the last
data elements.

In the case of a READ being executed to comple-
tion, a PRECHARGE command issued at the opti-
mum time (as described above) provides the same
operation that would result from the same READ
burst with AUTO PRECHARGE enabled. The dis-
advantage of the PRECHARGE command is that it
requires that the command and address buses be
available at the appropriate time to issue the com-
mand. The advantage of the PRECHARGE com-
mand is that it can be used to truncate bursts.

Release 1
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ADDRESS

DOS

QFC
(optional)

bQ < Dno >< >

CK
CK

COMMAND

ADDRESS

DQS

QFC
(optional)

o & XD

DON'T CARE

DO n = Data Out from column n

Cases shown are bursts of 8 terminated after 4 data elements

3 subsequent elements of Data Out appear in the programmed order following DO n
Shown with nominal tDQSCK, and tDQSQ

Figure 11
TERMINATING A READ BURST — REQUIRED CAS LATENCIES

Release 1
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[o Q—
SN AR SN /_
cK _><__/ ./ ./ \__/ _><__/

| | | |
COMMAND 2< READ BST NOP WRITE

| | |

tDQSS
CL=2
os B o'W =T o aN Vs ¥
QFC
(optional)

no & >~€% O

o 7, O

CK
Vi — -
oK N C XX D
COMMAND @ WRITE @ NOP @

|
aooReSs , I )

IpESs
=2 min
DQS
0 Jﬁ_\__/
QFC
(optional)

0o & ) —*? 5

o 77,

DON'T CARE

DO n (or b) = Data Out from column n (or column b)

Burst Length = 4 in the cases shown (applies for bursts of 8 as well; if burst length is 2, the BST command
shown can be NOP)

1 subsequent element of Data Out appears in the programmed order following DO n

Data In elements are applied following DI b in the programmed order

Shown with nominal tDQSCK, and tDQSQ

Figure 12
READ TO WRITE — REQUIRED CAS LATENCIES

Release 1
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COMMAND

{ser X5

S

ADDRESS

'; (XX )

DQ |

CK
CK

COMMAND

ADDRESS

DOS

& (WX K XKD

2 DON'T CARE

DO n = Data Out from column n

Cases shown are either uninterrupted bursts of 4, or interrupted bursts of 8

3 subsequent elements of Data Out appear in the programmed order following DO n
Shown with nominal tDQSCK, and tDQSQ

Figure 13
READ TO PRECHARGE — REQUIRED CAS LATENCIES

Release 1

XILINX EXHIBIT 1009
Page 57



JESD 79
Page 26

Writes

WRITE bursts are initiated with a WRITE com-
mand, as shown in Figure 14.

The starting column and bank addresses are pro-
vided with the WRITE command, and AUTO PRE-
CHARGE is either enabled or disabled for that ac-
cess. If AUTO PRECHARGE is enabled, the row
being accessed is precharged at the completion of
the burst. For the generic WRITE commands used
in the following illustrations, AUTO PRECHARGE is
disabled.

During WRITE bursts, the first valid data—in ele-
ment will be registered on the first rising edge of
DQS following the write command, and subsequent
data elements will be registered on successive
edges of DQS. The LOW state on DQS between the
WRITE command and the first rising edge is known
as the write preamble; the LOW state on DQS fol-
lowing the last data—in elementis known as the write
postamble. The time between the WRITE com-
mand and the first corresponding rising edge of
DQS (tDQSS) is specified with a relatively wide
range (from 75% to 125% of 1 clock cycle), so most
of the WRITE diagrams that follow are drawn for the
two extreme cases (i.e., tDQSS MIN and tDQSS
MAX). Figures 15 and 16 show the two extremes of
tDQSS for a burst of 4. Upon completion of a burst,
assuming no other commands have been initiated,
the DQs will remain High—Z and any additional input
data will be ignored.

Data for any WRITE burst may be concatenated
with or truncated with a subsequent WRITE com-
mand. In either case, a continuous flow of input data
can be maintained. The new WRITE command can
be issued on any positive edge of clock following the
previous WRITE command. The first data element
fromthe new burstis applied after either the last ele-
ment of a completed burst or the last desired data
element of a longer burst which is being truncated.
The new WRITE command should be issued x
cycles after the first WRITE command, where x
equals the number of desired data element pairs
(pairs are required by the 2n prefetch architecture).
Figures 17 and 18 show concatenated bursts of 4.
An example of nonconsecutive WRITEs is shown in
Figure 19. Full-speed random write accesses with-
in a page or pages can be performed as shown in
Figures 20 and 21.

Data for any WRITE burst may be followed by a
subsequent READ command. To follow a WRITE
without truncating the write burst, tWTR should be
met as shown in Figures 22 and 23.

Data for any WRITE burst may be truncated by a
subsequent READ command, as shown in Figures
24-27. Note that only the data—in pairs that are reg-
istered prior to the tWTR period are written to the in-

ternal array, and any subsequent data—in must be
masked with DM, as shown in Figures 24-27.

Data for any WRITE burst may be followed by a
subsequent PRECHARGE command. To follow a
WRITE without truncating the write burst, tWR
should be met as shown in Figures 28 and 29.

Data for any WRITE burst may be truncated by a
subsequent PRECHARGE command, as shown in
Figures 30-33.

Note that only the data—in pairs that are regis-
tered prior to the tWR period are written to the inter-
nal array, and any subsequent data—in should be
masked with DM, as shown in Figures 30-33. Fol-
lowing the PRECHARGE command, a subsequent
command to the same bank cannot be issued until

tRP is met.
W _——
—
cK — :———

CKE HIGH

x4:A0-A9
x8:A0-A8
x16:A0-A7

x4:Al11

x16:A8, A9, A1l

A10

w1 O,

(/ /= DON'T CARE
v/

CA = Column Address

BA = Bank Address

EN AP = Enable Autoprecharge
DIS AP = Disable Autoprecharge

Figure 14
WRITE COMMAND

Release 1
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T0 T1 T2 T3 T4 75 T6 T7
Kk — — —
oK _/ ] _/ _/
COMMAND §< WRITE NOP NOP NOP
Rant
ADDRESS Colb
tDQSS
max
B
s LSS N/
4
QFC —
(optional)
4
o O

om O

@ DON'T CARE

DI b = Data In for column b

3 subseauent elements of Data In are applied in the programmed order following DI
A non-interrupted burst of 4 is shown

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

Figure 15
WRITE TO WRITE — MAX DQSS

Release 1

JESD 79
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COMMAND

ADDRESS

DQs

QFc
(optional)

w %
o O

DON'T CARE

DI b = Data In for column b

3 subsequent elements of Data In are applied in the programmed order following DI b
A non-interrupted burst of 4 is shown

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)
Depending on external components, QFC operation with min tDQSS might

not be possible at the maximum operating frequency of the device

Figure 16
WRITE TO WRITE — MIN DQSS
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TO T1 T2 T3 T4 T5 T6 T7 T8

T9 T10 T11

CK

COMMAND

2 0000

oM/

DI b, etc = Data In for column b, etc.

3 subsequent elements of Data In are applied in the programmed order following DI b

3 subsequent elements of Data In are applied in the programmed order following DI n
A noninterrupted burst of 4 is shown

For system configurations using QFC: the Write commands shown must be to the same device (but can be to any bank within the device)
For system configurations not using QFC: each Write command may be to any bank and may be to the same or different devices

Figure 17
WRITE TO WRITE — MAX DQSS

Release 1
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TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

CK

COMMAND

ADDRESS

DQS

QFC ——— |
(optional)

v 770000008
DM/

DI b, etc. = Data In for column b, etc.

3 subsequent elements of Data In are applied in the programmed order following DI b

3 subsequent elements of Data In are applied in the programmed order following DI n

A noninterrupted burst of 4 is shown

For system configurations using QFC: the Write commands shown must be to the same device (but can be to any bank within the device)
Depending on external components, QFC operation with min tDQSS might not be possible at the maximum operating frequency of the device
For system configurations not using QFC: each Write command may be to any bank and may be to the same or different devices

Figure 18
WRITE TO WRITE — MIN DQSS,

Release 1
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e S
COMMAND ,//l///
woress X ED NI N0

77 IapNVanuly 7 NVany
<opt$$ \ — N\

o I DU DYDY DYDY

DM /7

K

DON'T CARE

Dl b, etc. = Data In for column b, etc.

3 subsequent elements of Data In are applied in the programmed order following DI b
3 subsequent elements of Data In are applied in the programmed order following DI n
A noninterrupted burst of 4 is shown

Each Write command may be to any bank and may be to the same or different devices

Figure 19 a
WRITE TO WRITE — MAX DQSS, NONCONSECUTIVE

Release 1
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T3 T4 75 T6 T7 T8 79
CK —— — ——
CK __/ —/ A

comnner o YN YN e M o Y o
| | | | |

ADDRESS / /’/////,//,//////,//,//,////l, /

AN

tDQSS
N anuaney - SVanl
(optg:/; N / \

0o 77700 DUk 00 kr
- 7 0%

DON'T CARE

DI b, etc. = Data In for column b. etc.

3 subsequent elements of Data In are applied in the programmed order following DI b

3 subsequent elements of Data In are applied in the programmed order following DI n
A noninterrupted burst of 4 is shown

Each Write command may be to any bank, and may be to the same or different devices
Depending on external components, QFC operation with min tDQSS might not be possible
at the maximum operating frequency of the device

Figure 19 b
WRITE TO WRITE — MIN DQSS, NONCONSECUTIVE

Release 1
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T8 T9
CK — _
o D Gl Gl
D )
|
DQS 3227 7\(
QFC
(optional)
DQ
DM

///| DON'T CARE

DI b, etc. = Data In for column b, etc.

b, etc. = the next Data In following DI b, etc. according to the programmed burst order
Programmed Burst Length = 2, 4 or 8 in cases shown

For system configurations using QFC: the Write commands shown must be to the same device (but can be to any bank within the device)
For system configurations not using QFC: each Write command may be to any bank and may be to the same or different devices

Figure 20
RANDOM WRITE CYCLES — MAX DQSS

Release 1
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COMMAND

ADDRESS

w70 | ¥ T/ T T T

o0 O DOCN,

z DON'T CARE

DI b, etc. = Data In for column b, etc.
b’, etc. = the next Data In following DI b , etc., according to the programmed burst order

Programmed Burst Length = 2, 4 or 8 in cases shown

For system configurations using QFC: the Write commands shown must be to the same device (but can be to any bank within the device)
Depending on external components, QFC operation with min tDQSS might not be possible at the maximum operating frequency of the device
For system configurations not using QFC: each Write command may be to any bank and may be to the same or different devices

Figure 21
RANDOM WRITE CYCLES — MIN DQSS

Release 1
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COMMAND

ADDRESS

DOS

QFC
(optional)

00 T IUR IR NG00~

DM /) /

DON'T CARE

DI b = Data In for columnb

3 subsequent elements of Data In are applied in the programmed order following DI b

A non—interrupted burst of 4 is shown

tWTR is referenced from the first positive CK edge after the last Data In pair

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands may be to any bank, and may be to the same or different devices
In the case where the READ and WRITE commands are to different devices, tWTR need not be met,
and the READ command can be applied earlier

tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1 tCK)

Figure 22
WRITE TO READ — MAX DQSS, NONINTERRUPTING

Release 1
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COMMAND 1//“ N(|)P >@< N(|7p |
ADDRESS Bank /// ,////1 //,////// 7///////1
w 7700 | I\ /| ez
oo | /
0o 00K X YK K00

DM 7

7

DI b = Data In for column b

3 subsequent elements of Data In are applied in the programmed order following D
A non—interrupted burst of 4 is shown

tWTR is referenced from the first positive CK edge after the last Data In pair

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands may be to any bank, and may be to the same oi
In the case where the READ and WRITE commands are to different devices, tWTR
and the READ command can be applied earlier

tWTR = 2 tCK for optional CL = 1.5 (otherwise tWTR = 1 tCK)

Depending on external components, QFC operation with min tDQSS might not be p
at the maximum operating frequency of the device

Figure 23
WRITE TO READ — MIN DQSS, NON-INTERRUPTING

Release 1
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0 T1 T2 T3 T4 15 16 T7 T8 T9
CK — —— _
CK \__ _/l /) ) ]
COMMAND ///,//l NOP /I NOP //// READ ////
| | | |_WTR | |
aooress X G XGNIGINCICICHCINCIN oo NN
tDQSS] Cl=2
Sy mraN VN NP R
(opﬂflj \
o T U0 -

-7 7

DON'T CARE

DI b = Data In for column b

An interrupted burst of 8 is shown, 4 data elements are written

3 subsequent elements of Data In are applied in the programmed order following DI b

tWTR is referenced from the first positive CK edge after the last Data In pair

tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1 tCK)

The READ command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands are to the same device but not necessatrily to the same bank

Figure 24
WRITE TO READ — MAX DQSS, INTERRUPTING

Release 1
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COMMAND

ADDRESS

DOS

QFC ——|
(optional)

Do

) R

DON'T CARE

DI b = Data In for column b

An interrupted burst of 8 is shown, 4 data elements are written

3 subsequent elements of Data In are applied in the programmed order following DI b

tWTR is referenced from the first positive CK edge after the last desired Data In pair

tWTR = 2 tCK for optional CL = 1.5 (otherwise tWTR = 1 tCK)

The READ command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands are to the same device, but not necessarily to the same bank
Depending on external components, QFC operation with min tDQSS might not be possible at the
maximum operating frequency of the device

Figure 25
WRITE TO READ — MIN DQSS, INTERRUPTING

Release 1
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COMMAND

ADDRESS

W O UGG
oM W

DON'T CARE

DI b = Data In for column b

An interrupted burst of 8 is shown, 3 data elements are written

2 subsequent elements of Data In are applied in the programmed order following DI b

tWTR is referenced from the first positive CK edge after the last desired Data In pair (not the last
desired data in element)

tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1 tCK)

The READ command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands are not necessarily to the same bank

Figure 26
WRITE TO READ — MIN DQSS, ODD NUMBER OF DATA, INTERRUPTING

Release 1
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COMMAND

|
el QW 7T

tDOSS
nom

DOS W £ R
2 7000700k X 0K

DON'T CARE

DI b = Data In for column b

An interrupted burst of 8 is shown, 4 data elements are written

3 subsequent elements of Data In are applied in the programmed order following DI b
tWTR is referenced from the first positive CK edge after the last desired Data In pair
tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1 tCK)

The READ command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands are not necessarily to the same bank

Figure 27
WRITE TO READ — NOMINAL DQSS, INTERRUPTING
Release 1
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(2; o _ B \__J/__ _/ ~ ), ~ \__ ) __/\/:
COMMAND 2< WRITE ,//l NoOP /I% NOP ,/// NoP ,///,//
| | | . WR | |
wwoness NN L N D)
tDQSS RP
w g ||V I\ N\ sz

DO OG0,

00 0000008

7

DM

DON'T CARE

DI b = Data In for column b
3 subsequent elements of Data In are applied in the programmed order following DI b

A noninterrupted burst of 4 is shown
tWR is referenced from the first positive CK edge after the last Data In pair
A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

Figure 28
WRITE TO PRECHARGE — MAX DQSS, NON-INTERRUPTING

Release 1
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T0 T1 T2 T3 T4 75 T6 T7 T8 79 Ti10 Ti1

z:i__ _J/__ \__J/__ __/ ~ __/ ~ \__ ~ _JC
COMMAND 2< WRITE>@< NOP ///// NOP ,//I NOP ,/// /
| | T
’///////// O, '//’/,
= 7o | VI | ez

A X000
DM 7 <:>

\
\
N\
D
&

D

7 ,
é DON'T CARE

DI b = Data In for column b
3 subsequent elements of Data In are applied in the programmed order following DI b

A noninterrupted burst of 4 is shown
tWR is referenced from the first positive CK edge after the last Data In pair
A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

Figure 29
WRITE TO PRECHARGE — MIN DQSS, NON-INTERRUPTING

Release 1
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COMMAND

ADDRESS

- — ——— — >

ves 777 LN\ |

QFC "3 — |
(optional)

v 777020 0 GO0 G022
- UL T

DON'T CARE

DI b = Data In for column b

An interrupted burst of 4 or 8 is shown, 2 data elements are written

1 subsequent element of Data In is applied in the programmed order following DI b
tWR is referenced from the first positive CK edge after the last desired Data In pair
The PRECHARGE command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don'’t care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don’t care at this point

*3 = for programmed burst length of 4, QFC becomes High—Z at this point

Figure 30
WRITE TO PRECHARGE — MAX DQSS, INTERRUPTING

Release 1
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T1 T2 T3 T4 5 T6 T7 T8 79 Ti0 Ti1

5 OB G Gb G 6B Gb G5 b &
commans WR | 7 | K X
,'//f/ 7/,'/,'/,'/,
o i DD sy
ooy |\ - a0
oo 0 /2422042,

- 7 VARZL
DON'T CARE

DI b = Data In for column b

An interrupted burst of 4 or 8 is shown, 2 data elements are written

1 subsequent element of Data In is applied in the programmed order following DI b
tWR is referenced from the first positive CK edge after the last desired Data In pair
The PRECHARGE command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don’t care at this point

*3 = for programmed burst length of 4, QFC becomes High—-Z at this point
Depending on external components, QFC operation with min tDQSS might not be possible
at the maximum operating frequency of the device

Figure 31
WRITE TO PRECHARGE — MIN DQSS, INTERRUPTING

Release 1
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COMMAND

ADDRESS

-— |

Y NB an e a7/
" U100 00777

AT T T T

7 ,
4 DON'T CARE

DI b = Data In for column b

An interrupted burst of 4 or 8 is shown, 1 data element is written

tWR is referenced from the first positive CK edge after the last desired Data In pair
The PRECHARGE command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don't care at this point

Figure 32
WRITE TO PRECHARGE — MIN DQSS, ODD NUMBER OF DATA,
INTERRUPTING

Release 1
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COMMAND

ADDRESS

nom -— >

2

0os 7777 A O 7N,
o N DYDY YNNI,
o 77 AN

N

7 ,
¥/ DON'T CARE

DI b = Data In for column b

An interrupted burst of 4 or 8 is shown, 2 data elements are written

1 subsequent element of Data In is applied in the programmed order following DI b
tWR is referenced from the first positive CK edge after the last desired Data In pair
The PRECHARGE command masks the last two data elements in the burst

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don't care at this point

Figure 33
WRITE TO PRECHARGE — NOMINAL DQSS, INTERRUPTING

Release 1
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. X
CK —_—
CKE HIGH
7/ AW/
W77/ AW ///
|
CAS 222; 2222

A0-A9, A1l

ALL BANKS
Al0

ONE BANK

|
7/, S

V‘ =DON'T CARE

BAO,1

BA = Bank Address (if A10 is LOW,
otherwise 'don’t care’)

Figure 34
PRECHARGE COMMAND

PRECHARGE

The PRECHARGE command is used to deacti-
vate the open row in a particular bank or the open
row in all banks. The bank(s) will be available for a
subsequent row access some specified time (tRP)
after the precharge command is issued. Input A10
determines whether one or all banks are to be pre-
charged, and in the case where only one bank is to
be precharged, inputs BAO, BA1 select the bank.
When all banks are to be precharged, inputs BAO,
BA1 are treated as "Don’t Care.” Once a bank has
been precharged, it is in the idle state and must be
activated prior to any READ or WRITE commands
being issued to that bank.

POWER-DOWN

Power—down is entered when CKE is registered
low (no accesses can be in progress). If power—
down occurs when all banks are idle, this mode is
referred to as precharge power—down; if power—
down occurs when there is a row active in any bank,
this mode is referred to as active power—down. En-
tering power—down deactivates the input and output
buffers, excluding CK, CK and CKE. For maximum
power savings, the user has the option of disabling
the DLL prior to entering power—down. In that case,
the DLL must be enabled after exiting power—down,
and 200 clock cycles must occur before a READ
command can be issued. However, power—down
duration is limited by the refresh requirements of the
device, so in most applications, the self-refresh
mode is preferred over the DLL—disabled power—
down mode.

In power—down, CKE LOW and a stable clock sig-
nal must be maintained at the inputs of the DDR
SDRAM, and all other input signals are "Don’t
Care”.

The power—down state is synchronously exited
when CKE is registered HIGH (along with a NOP or
DESELECT command). A valid executable com-
mand may be applied one clock cycle later.
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(Notes: 1-4)
TRUTH TABLE 2 — CKE
CKEn-1 | CKEn | CURRENT STATE COMMANDN ACTIONnN NOTES
L L Power—Down X Maintain Power—Down
Self Refresh X Maintain Self Refresh
L H Power—Down DESELECT or NOP Exit Power—Down
Self Refresh DESELECT or NOP Exit Self Refresh 5
H L All Banks Idle DESELECT or NOP Precharge Power-Down Entry
Bank(s) Active DESELECT or NOP Active Power—-Down Entry
All Banks Idle AUTO REFRESH Self Refresh Entry
H H See Truth Table 3

NOTE: 1. CKEn is the logic state of CKE at clock edge n; CKEn-1 was the state of CKE at the previous clock edge.

2. Current state is the state of the DDR SDRAM immediately prior to clock edge n.
3. COMMANDRN is the command registered at clock edge n, and ACTIONn is a result of COMMANDN.

4. All states and sequences not shown are illegal or reserved.

5. DESELECT or NOP commands should be issued on any clock edges occurring during the tXSNR or
tXSRD period. A minimum of 200 clock cycles is needed before applying a read command, for the DLL to

lock.
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TRUTH TABLE 3 — Current State Bank n — Command to Bank n
(Notes: 1-6; notes appear below and on next page)
CURRENT =z |lose |5 | v
STATE S | RAS | CAS | WE | COMMAND/ACTION NOTES
A H X X X | DESELECT (NOP/continue previous operation)
n
Y L H H H | NO OPERATION(NOP/continue previous operation)
L L H H | ACTIVE (select and activate row)
Idle L L L H |AUTO REFRESH 7
L L L L | MODE REGISTER SET
L H L H | READ (select column and start READ burst) 10
Row Active L H L L | WRITE (select column and start WRITE burst) 10
L L H L | PRECHARGE (deactivate row in bank or banks) 8
Read (Auto— L H L H | READ (select column and start new READ burst) 10
Precharge L L H L | PRECHARGE (truncate READ burst, start precharge) 8
Disabl
isabled) L | H | H | L |BURST TERMINATE
Write (Auto— L H L H | READ (select column and start READ burst) 10, 11
Precharge L H L L | WRITE (select column and start new WRITE burst) 10
Disabl
isabled) L | L | H | L |PRECHARGE (truncate WRITE burst, start precharge) 8 11
NOTE:

This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Truth Table 2) and after tXSNR or tXSRD
has been met (if the previous state was self refresh).

This table is bank—specific, except where noted, i.e., the current state is for a specific bank and the commands
shown are those allowed to be issued to that bank when in that state. Exceptions are covered in the notes be-
low.

Current state definitions:
Idle:  The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/ac-

cesses and no register accesses are in progress.

Read: A READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated.

Write: A WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank. DESELECT or NOP com-
mands, or allowable commands to the other bank should be issued on any clock edge occurring during these
states. Allowable commands to the other bank are determined by its current state and Truth Table 3, and accord-
ing to Truth Table 4.

Precharging:  Starts with registration of a PRECHARGE command and ends when tRP is met. Once
tRP is met, the bank will be in the idle state.

Row Activating:  Starts with registration of an ACTIVE command and ends when tRCD is met. Once
tRCD is met, the bank will be in the "row active” state.

Read w/Auto—
Precharge Enabled:  Starts with registration of a READ command with AUTO PRECHARGE eabled and
ends when tRP has been met. Once tRP is met, the bank will be in the idle state.

Write w/Auto—
Precharge Enabled:  Starts with registration of a WRITE command with AUTO PRECHARGE enabled and
ends when tRP has been met. Once tRP is met, the bank will be in the idle state.
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NOTE (continued):

5. The following states must not be interrupted by any executable command; DESELECT or NOP commands must
be applied on each positive clock edge during these states.
Refreshing:  Starts with registration of an AUTO REFRESH command and ends when tRC is met.
Once tRFC is met, the DDR SDRAM will be in the "all banks idle” state.
Accessing Mode
Register:  Starts with registration of a MODE REGISTER SET command and ends when tMRD
has been met. Once tMTC is met, the DDR SDRAM will be in the "all banks idle” state.
Precharging All:  Starts with registration of a PRECHARGE ALL command and ends when tRP is met.
Once tRP is met, all banks will be in the idle state.

6. All states and sequences not shown are illegal or reserved.

7. Not bank—specific; requires that all banks are idle and no bursts are in progress.

8. May or may not be bank—specific; if multiple banks are to be precharged, each must be in a valid state for pre-
charging.

9. Not bank—-specific; BURST TERMINATE affects the most recent READ burst, regardless of bank.

10. Reads or Writes listed in the Command/Action column include Reads or Writes with AUTO PRECHARGE en-
abled and Reads or Writes with AUTO PRECHARGE disabled.

11. Requires appropriate DM masking.
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TRUTH TABLE 4 — Current State Bank n — Command to Bank m
(Notes: 1-6; notes appear below and on next page)
CURRENT [ 5 |RAS |CAS | WE | COMMAND/ACTION NOTES
STATE
H X X X | DESELECT (NOP/continue previous operation)
Any L H H H | NO OPERATION (NOP/continue previous operation)
Idle X X X X | Any Command Otherwise Allowed to Bank m
Row L L H H | ACTIVE (select and activate row)
Activating, L H L H | READ (select column and start READ burst) 7
Active, or L H L L |WRITE (select column and start WRITE burst) 7
Precharging | L L | H L |PRECHARGE

Read L L H H | ACTIVE (select and activate row)

(Auto— L H L H | READ (select column and start new READ burst) 7
Precharge
Disabled) L | L |[H ] L [PRECHARGE

Write L L H H | ACTIVE (select and activate row)

(Auto— L H L H | READ (select column and start READ burst) 7,8
Precharge L H L L | WRITE (select column and start new WRITE burst) 7
Disabled) L L | H L |PRECHARGE

L L H H | ACTIVE (select and activate row)
.Read L H L H | READ (select column and start new READ burst) 3a, 7

(l\Dl\r/g:h/:lrJ;Z; L H L L |WRITE (select column and start WRITE burst) 3a,7,9

L L H L |PRECHARGE
_ L L H H | ACTIVE (select and activate row)

(Wi\t/r\{nAtﬁto— L H L H | READ (select column and start READ burst) 3a, 7

Precharge) L | H L L [WRITE (select column and start new WRITE burst) 3a, 7
L L H L |PRECHARGE

NOTE:

This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Truth Table 2) and after tXSNR or tXSRD
has been met (if the previous state was self refresh).
This table describes alternate bank operation, except where noted, i.e., the current state is for bank n and the
commands shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the
given command is allowable). Exceptions are covered in the notes below.
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NOTE: (continued)
3. Current state definitions:
Idle:  The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/ac-
cesses and no register accesses are in progress.
Read: A READ burst has been initiated, with AUTO PRECHARGE disabled and has not yet
terminated or been terminated.
Write: A WRITE burst has been initiated, with AUTO PRECHARGE disabled and has not yet
terminated or been terminated.
Read with Auto
Precharge Enabled:  See following text
Write with Auto
Precharge Enabled:  See following text
3a. The Read with Auto Precharge Enabled or Write with Auto Precharge Enabled states can each be broken
into two parts: the access period and the precharge period. For Read with Auto Precharge, the precharge
period is defined as if the same burst was executed with Auto Precharge disabled and then followed with the
earliest possible PRECHARGE command that still accesses all of the data in the burst. For Write with Auto
Precharge, the precharge period begins when tWR ends, with tWR measured as if Auto Precharge was dis-
abled. The access period starts with registration of the command and ends where the precharge period (or
tRP) begins. During the precharge period of the Read with Auto Precharge Enabled or Write with Auto Pre-
charge Enabled states, ACTIVE, PRECHARGE, READ and WRITE commands to the other bank may be
applied; during the access period, only ACTIVE and PRECHARGE commands to the other bank may be
applied. In either case, all other related limitations apply (e.g., contention between READ data and WRITE
data must be avoided).
4. AUTO REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.
5. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the
current state only.
6. All states and sequences not shown are illegal or reserved.
7. READs or WRITEs listed in the Command/Action column include READs or WRITEs with AUTO PRECHAGE
enabled and READs or WRITEs with AUTO PRECHARGE disabled.
8. Requires appropriate DM masking.
9. A WRITE command may be applied after the completion of data output.
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Auto

Refresh

Precharge
Power
Down

Burst Stop

Read

Write A

PRE

Precharge

PREALL

Read A

Automatic Sequence

PREALL = Precharge All Banks

MRS = Mode Register Set

EMRS = Extended Mode Register Set
REFS = Enter Self Refresh

REFSX = Exit Self Refresh

REFA = Auto Refresh

Release 1

Command Sequence

CKEL = Enter Power Down

CKEH = Exit Power Down

ACT = Active

Write A = Write with Autoprecharge
Read A = Read with Autoprecharge
PRE = Precharge
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Vdd Supply (For devices with nominal Vdd of 3.3 V)
Relative to Vss —1 V to +4.6 V
Voltage on Vdd Supply (For devices with nominal Vdd of 2.5 V)
Relative to Vss -1 Vto +3.6 V
Voltage on VddQ Supply
Relative to Vss -1 Vto +3.6 V
Voltage on Inputs
Relative to Vss -1 Vto +3.6 V
Voltage on I/O Pins
Relative to Vss —0.5 V to VddQ+0.5 V

Operating Temperature, TA (ambient) 0°Cto+70°C
Storage Temperature (plastic) -55°Cto +150 °C
Power Dissipation 1w
Short Circuit Output Current 50 mA
*Stresses greater than those listed under "Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only, and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for
extended periods may affect reliability.

CAPACITANCE

PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance:CK, CK Cil 2.5 3.5 pF 13
Input Capacitance: All other input—only pins Ci2 25 | 35 pF 13
Input/Output Capacitance: DQ, DQS, DM Cio 40 | 5.0 pF 13
Delta Input/Output Capacitance: DQ, DQS, DM Cdio - 0.5 pF 13
Output Capacitance: (QFC) Co TBD | TBD pF 13

ELECTRICAL CHARACTERISTICS AND DC OPERATING CONDITIONS
(Notes: 1-5, 16) (0°C < TA<70°C; VDDQ =+2.5V #0.2V,Vdd = +3.3V +0.3 V or +2.5V 0.2 V)

PARAMETER/CONDITION SYMBOL MIN MAX UNITS | NOTES
Supply Voltage (for devices with a nominal VDD of 3.3 V) VDD 3 3.6 \%
Supply Voltage (for devices with a nominal VDD of 2.5 V) VDD 23 2.7 \%
I/O Supply Voltage VDDQ 2.3 2.7 Y,
I/O Reference Voltage VREF 0.49*vDDQ | 0.51*vDDQ \% 6
I/O Termination Voltage (system) VTT VREF-0.04 | VREF+0.04 \%
Input High (Logic 1) Voltage VIH(DC) | VREF+0.18 | VDD+0.3 \Y,
Input Low (Logic 0) Voltage VIL(DC) -0.3 VREF-0.18 \%
Input Voltage Level, CK and CK inputs VIN(DC) -0.3 VDDQ+0.3 \%
Input Differential Voltage, CK and CK inputs VID(DC) 0.36 VDDQ+0.6 \% 8
INPUT LEAKAGE CURRENT
Any input OV < VIN < VDD I -2 2 uA
(All other pins not under test = 0 V)
OUTPUT LEAKAGE CURRENT
(DQs are disabled; 0V < VOUT < VDDQ) 102 - 5 HA
OUTPUT LEVELS
Output High Current (VOUT = 1.95 V) IOH -15.2 mA
Output Low Current (VOUT = 0.35 V) IOL 15.2 mA
Release 1
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1) The full variation in driver pulldown current from minimum to maximum process, temperature, and
voltage will lie within the outer bounding lines of the V—I curve of Figure a.

2) Itis recommended that the "typical” IBIS pulldown V-I curve lie within the shaded region of the V—I
curve of Figure a.

160 MaXinlUm

Typical High'

e

Typical Low

Minimum

e

Pulldown Current (mA)

Figure a: Pulldown Characteristics

3) The full variation in driver pullup current from minimum to maximum process, temperature, and volt-
age will lie within the outer bounding lines of the V—I curve of Figure b.

4) Itis recommended that the "typical” IBIS pullup V-I curve lie within the shaded region of the V—I curve
of Figure b.
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VDDQ to VOUT (V)
Figure b: Pull Up Characteristics

5) The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed
1.7 for device drain to source voltages from 0.1 to 1.0.

6) The full variation in the ratio of the "typical” IBIS pullup to "typical” IBIS pulldown current should be
unity + 10%, for device drain to source voltages from 0.1 to 1.0. This specification is a design objec-
tive only. It is not guaranteed.

7) These characteristics obey the SSTL_2 class Il standard.

8) This specification is intended for DDR SDRAM only.

DATA DRIVER OUTPUT CHARACTERISTIC CURVES
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Pulldown Current (mA) Pullup Current (mA)

Vo(l\t/a;ge T{‘zsval TyH?gCr? I Minimum Maximum T{T:Val TyH%chal Minimum Maximum
0.1 6.0 6.8 4.6 9.6 -6.1 -7.6 -4.6 -10.0
0.2 12.2 13.5 9.2 18.2 -12.2 -14.5 -9.2 —20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 24.1 26.6 18.4 33.9 -24.0 -27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 -29.8 -34.1 -23.0 —-46.8
0.6 34.6 39.1 27.7 49.4 -34.3 -40.5 -27.7 -54.4
0.7 39.4 44.2 32.2 56.8 -38.1 -46.9 -32.2 -61.8
0.8 43.7 49.8 36.8 63.2 -41.1 -53.1 -36.0 —69.5
0.9 47.5 55.2 39.6 69.9 -43.8 -59.4 -38.2 -77.3
1.0 51.3 60.3 42.6 76.3 -46.0 -65.5 -38.7 -85.2
1.1 54.1 65.2 44.8 82.5 -47.8 -71.6 -39.0 -93.0
1.2 56.2 69.9 46.2 88.3 -49.2 -77.6 -39.2 -100.6
1.3 57.9 74.2 47.1 93.8 -50.0 -83.6 -39.4 -108.1
14 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
1.5 60.1 82.3 a47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 -40.1 -130.4
1.7 61.0 89.1 48.4 112.1 -51.1 -107.1 -40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 -40.3 -144.2
1.9 62.0 95.3 49.1 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
24 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
2.5 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 -155.3 -41.1 -192.9
2.7 65.0 105.4 50.5 140.8 -52.8 -160.1 —41.2 -198.2

Evaluation conditions:

Typical 25° C (TAmbient), VDDQ=2.5 V, typical process
Minimum 70° C (TAmbient), VDDQ=2.3 V, slow—slow process
Maximum 0°c (TAmbient), VDDQ=2.7 V, fast—fast process

DATA DRIVER OUTPUT CHARACTERISTIC V-I DATA POINTS
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(Notes: 1-5, 14, 16) (0 °C < TA < 70 °C; VDDQ = +2.5 V #0.2 V, VDD = +3.3V +0.3 V or +2.5 V 0.2 V)

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES
Input High (Logic 1) Voltage, DQ, DQS VIH(ac) VREF + 0.35 \%

and DM signals

Input Low (Logic 0) Voltage, DQ, DQS VIL(ac) VREF -.35 \%

and DM signals

Input Differential Voltage, CK and CK in- VID(ac) 0.7 VvDDQ + 0.6 \Y, 8
puts

Input Crossing Point Voltage, CK and CK VIX(ac) 0.5*vDDQ-0.2 | 0.5*VDDQ+0.2 \Y 9
inputs

IDD SPECIFICATIONS AND CONDITIONS

(Notes: 1-5, 12, 14) (0 °C < TA < 70 °C; VDDQ = +2.5 V #0.2 V, VDD = +3.3V +0.3 V or +2.5 V 0.2 V)

MAX

PARAMETER/CONDITION

SYMBOL

UNITS

NOTES

OPERATING CURRENT: One Bank; Active—Precharge;

tRC =tRC MIN; tCK = tCK MIN; DQ, DM and DQS inputs changing twice
per clock cyle; address and control inputs changing once per clock cycle

IDDO

VIDS*

mA

OPERATING CURRENT: One Bank; Active—Read—Precharge;
Burst = 2; tRC = tRC MIN; CL = 2.5; tCK = tCK MIN; lout = 0 mA;
Address and control inputs changing once per clock cycle

IDD1

V/DS*

mA

PRECHARGE POWER-DOWN STANDBY CURRENT: All banks idle;
power—down mode; CKE < Vil (MAX); tCK = tCK MIN

IDD2P

V/DS*

mA

IDLE STANDBY CURRENT: S = Vih (MIN); All banks idle;
CKE 2 Vih (MIN); tCK = tCK MIN; Address and other control inputs
changing once per clock cycle

IDD2N

V/DS*

mA

ACTIVE POWER-DOWN STANDBY CURRENT: One bank active;
power—down mode; CKE < Vil (MAX); tCK =tCK MIN

IDD3P

V/DS*

mA

ACTIVE STANDBY CURRENT: S 2 Vih (MIN); CKE = Vih (MIN);
One bank; Active—Precharge; tRC = tRAS MAX; tCK = tCK MIN; DQ,
DM and DQS inputs changing twice per clock cycle; address and
other control inputs changing once per clock cycle

IDD3N

VIDS*

mA

OPERATING CURRENT: Burst = 2; Reads; Continuous burst;
One bank active; Address and control inputs changing once per clock
cycle; CL = 2.5; tCK = tCK MIN; lout = 0 mA

IDD4R

VIDS*

mA

OPERATING CURRENT: Burst = 2; Writes; Continuous burst;

One bank active; Address and control inputs changing once per clock
cycle; CL = 2.5; tCK = tCK MIN; DQ, DM and DQS inputs changing
twice per clock cycle

IDD4W

VIDS*

mA

AUTO REFRESH CURRENT: tRC = tRFC (MIN)

IDD5

V/DS*

mA

SELF REFRESH CURRENT: CKE< 0.2V

IDD6

V/DS*

mA

11

V/DS* = Vendor/Device Specific
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ELECTRICAL CHARACTERISTICS AND AC TIMING for DDR-266/DDR—-200 —

Absolute Specifications
(Notes: 1-5, 14-17) (0°C < TA< 70 °C; VDDQ = +2.5V #0.2 V, VDD = +3.3 V 0.3 V or +2.5 V 0.2 V)

AC CHARACTERISTICS DDR-266A DDR-266B DDR-200

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNITS NOTES
DQ output access time from CK/CK tAC -0.75 +0.75 -0.75 +0.75 -0.8 +0.8 ns

DQS output access time from CK/CK tDQSCK -0.75 +0.75 -0.75 +0.75 -0.8 +0.8 ns

CK high—level width tCH 0.45 0.55 0.45 0.55 0.45 0.55 tCK

CK low-level width tCL 0.45 0.55 0.45 0.55 0.45 0.55 tCK

CK half period tHP min(tCL, min(tCL, min(tCL, ns 29

tCH) tCH) tCH)
Clock cycle time CL=25 tCK 7 15 7.5 15 8 15 ns
CL=2 tCK 7.5 15 10 15 10 15 ns

DQ and DM input hold time tDH 0.5 0.5 0.6 ns

DQ and DM input setup time tDS 0.5 0.5 0.6 ns

Control & Address input pulse width (for each input) tIPW 2.2 2.2 25 ns 27
DQ and DM input pulse width (for each input) tDIPW 1.75 1.75 2 ns 27
Data—out high-impedance time from CK/CK tHZ -0.75 +0.75 -0.75 +0.75 -0.8 +0.8 ns 18
Data—out low—impedance time from CK/CK tLz -0.75 +0.75 -0.75 +0.75 -0.8 +0.8 ns 18
DQS-DQ Skew (for DQS and associated DQ signals) tDQSQ +0.5 +0.5 +0.6 ns

DQS-DQ Skew (for DQS and all DQ signals) tDQSQA +0.5 +0.5 +0.6 ns

DQ/DQS output hold time from DQS tQH tHP—0.75 tHP—0.75 tHP-1.0 ns. 30
Write command to first DQS latching transition tDQSS 0.75 1.25 0.75 1.25 0.75 1.25 tCK

DQS input high pulse width tDQSH 0.35 0.35 0.35 tCK

DQS input low pulse width tDQSL 0.35 0.35 0.35 tCK

DQS falling edge to CK setup time tDSS 0.2 0.2 0.2 tCK

DQS falling edge hold time from CK tDSH 0.2 0.2 0.2 tCK

MODE REGISTER SET command cycle time tMRD 15 15 16 ns

Write preamble setup time tWPRES 0 0 0 ns 22
Write postamble tWPST 0.4 0.6 0.4 0.6 0.40 0.60 tCK 19
Write preamble tWPRE 0.25 0.25 0.25 tCK

Address and Control input hold time (fast slew rate) tIH 0.9 0.9 1.2 ns 24,26,27
Address and Control input setup time (fast slew rate) tIS 0.9 0.9 1.2 ns 25,26,27
Address and Control input hold time (slow slew rate) tIH 1.0 1.0 1.2 ns 25,26,27
Address and Control input setup time (slow slew rate) tIS 1.0 1.0 1.2 ns 25,26,27
Read preamble tRPRE 0.9 11 0.9 1.1 0.9 1.1 tCK

Read postamble tRPST 0.4 0.6 0.4 0.6 0.4 0.6 tCK

QFC preamble during reads tQPRE 0.9 11 0.9 1.1 0.9 1.1 tCK

QFC postamble during reads tQPST 0.4 0.6 0.4 0.6 0.4 0.6 tCK

QFC output access time from CK/CK, for writes tQCK 4 4 4 ns

QFC output hold time for writes tQOH 1.25 2.0 1.25 2.0 1.25 2.0 ns

ACTIVE to PRECHARGE command tRAS 45 120,000 45 120,000 50 120,000 ns

ACTIVE to ACTIVE/Auto Refresh command period tRC 65 65 70 ns
Auto Refresh to Active/Auto Refresh command period tRFC 75 75 80 ns

ACTIVE to READ or WRITE delay tRCD 20 20 20 ns
PRECHARGE command period tRP 20 20 20 ns

ACTIVE bank A to ACTIVE bank B command tRRD 15 15 15 ns

Write recovery time tWR 15 15 15 ns

Auto Precharge write recovery + precharge time tDAL 35 35 35 ns

Internal Write to Read Command Delay tWTR 1 1 1 tCK

Exit self refresh to non-READ command tXSNR 75 75 80 ns

Exit self refresh to READ command tXSRD 200 200 200 tCK

Average Periodic Refresh Interval tREFI 15.6 15.6 15.6 us 23
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ELECTRICAL CHARACTERISTICS AND AC TIMING for DDR-266 —

Applicable Specifications Expressed in Clock Cycles

(Notes: 1-5, 14-17) (0°C<TA<70 °C; VDDQ =+2.5V 0.2 V,

VDD =+3.3V 0.3V or+2.5V 0.2 V)

AC CHARACTERISTICS tCK=7.5ns

PARAMETER SYMBOL MIN MAX UNITS NOTES

DQ output access time from CK/CK tAC -0.75 +0.75 ns

DQS output access time from CK/CK tDQSCK -0.75 +0.75 ns

CK high-level width tCH 3.4 4.1 ns

CK low-level width tCL 34 41 ns

CK half period tHP min(tCL, ns 29
tCH)

DQ and DM input hold time tDH 0.5 ns

DQ and DM input setup time tDS 0.5 ns

Control & Address input pulse width (for each input) tIPW 2.2 ns 27

DQ and DM input pulse width (for each input) tDIPW 1.75 ns 27

Data—out high-impedance time from CK/CK tHZ -0.75 +0.75 ns 18

Data—out low—impedance time from CK/CK tLz -0.75 +0.75 ns 18

DQS-DQ Skew (for DQS and associated DQ signals) tDQSQ +0.5 ns

DQS-DQ Skew (for DQS and all DQ signals) tDQSQA +0.5 ns

DQ/DQS output hold time tQH tHP-0.75 ns 30

Write command to first DQS latching transition tDQSS 5.6 9.4 ns

DQS input high pulse width tDQSH 2.63 ns

DQS input low pulse width tDQSL 2.63 ns

DQS falling edge to CK setup time tDSS 15 ns

DQS falling edge hold time from CK tDSH 15 ns

MODE REGISTER SET command cycle time tMRD 2 tCK

Write preamble setup time tWPRES 0 ns 22

Write postamble tWPST 3 4.5 ns 19

Write preamble tWPRE 0.25

Address and Control input hold time (fast slew rate) tIH 0.9 ns 24,26,27

Address and Control input setup time (fast slew rate) tIS 0.9 ns 24,26,27

Address and Control input hold time (slow slew rate) tIH 1.0 ns 25,26,27

Address and Control input setup time (slow slew rate) tIS 1.0 ns 25,26,27

Read preamble tRPRE 6.75 8.25 ns

Read postamble tRPST 3 45 ns

QFC preamble during reads tQPRE 6.75 8.25 ns

QFC postamble during reads tQPST 3 45 ns

QFC output access time from CK/CK, for writes tQCK 4 ns

QFC output hold time for writes tQOH 1.25 2.0 ns

ACTIVE to PRECHARGE command tRAS 6 16000 tCK

ACTIVE to ACTIVE/Auto Refresh command period tRC 9 tCK

Auto Refresh to Active/Auto Refresh command period tRFC 10 tCK

ACTIVE to READ or WRITE delay tRCD 3 tCK

PRECHARGE command period tRP 3 tCK

ACTIVE bank A to ACTIVE bank B command tRRD 2 tCK

Write recovery time tWR 2 tCK

Auto Precharge write recovery + precharge time tDAL 5 tCK

Internal Write to Read Command Delay tWTR 1 tCK

Exit self refresh to non—-READ command tXSNR 10 tCK

Exit self refresh to READ command tXSRD 200 tCK

Average Periodic Refresh Interval tREFI 15.6 us 23
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NOTES

All voltages referenced to Vss.

Tests for ac timing, IDD, and electrical, ac and dc
characteristics, may be conducted at nominal refer-
ence/supply voltage levels, but the related specifi-
cations and device operation are guaranteed for the
full voltage range specified.

Figure 36 represents the timing reference load
used in defining the relevant timing parameters of
the part. Itis notintended to be either a precise rep-
resentation of the typical system environment nor a
depiction of the actual load presented by a produc-
tion tester. System designers will use IBIS or other
simulation tools to correlate the timing reference
load to a system environment. Manufacturers will
correlate to their production test conditions (gener-
ally a coaxial transmission line terminated at the tes-
ter electronics).

VT
50 ohms

Output

(Vout) o——4

—___ 30pF

%

Figure 36: Timing Reference Load

ac timing and IDD tests may use a VIL to VIH swing
of up to 1.5 V in the test environment, but input tim-
ing is still referenced to VREF (or to the crossing
point for CK/CK), and parameter specifications are
guaranteed for the specified ac input levels under
normal use conditions. The minimum slew rate for
the input signals is 1 V/ns in the range between
VIL(ac) and VIH(ac).

The ac and dc input level specifications are as de-
fined in the SSTL_2 Standard (i.e., the receiver will
effectively switch as a result of the signal crossing
the ac input level and will remain in that state as long
as the signal does not ring back above (below) the
dc input LOW (HIGH) level.

VREF is expected to be equal to 0.5*VDDQ of the
transmitting device, and to track variations in the dc
level of the same. Peak—to—peak noise on VREF
may not exceed +/-2% of the dc value.

VTT is not applied directly to the device. VTT is a
system supply for signal termination resistors, is ex-
pected to be set equal to VREF and must track vari-
ations in the dc level of VREF.

VID is the magnitude of the difference between the
input level on CK and the input level on CK.

The value of VIX is expected to equal 0.5*VDDQ of
the transmitting device and must track variations in
the dc level of the same.

11. Enables on—chip refresh and address counters.
12.1DD specifications are tested after the device is
properly initialized.
13. This parameter is sampled. VDDQ = +2.5V 0.2 V,
VDD =+3.3V+0.3Vor+25V 0.2V, f=100 MHz,
tA =25 °C, Vout(dc) = VDDQ/2, Vout(peak to peak) =
0.2 V. DM inputs are grouped with 1/0 pins — reflect-
ing the fact that they are matched in loading (to facil-
itate trace matching at the board level).
The CK/CK input reference level (for timing refer-
enced to CK/CK) is the point at which CK and CK
cross; the input reference level for signals other
than CK/CK, is VREF.
Inputs are not recognized as valid until VREF stabi-
lizes. Exception: during the period before VREF sta-
bilizes, CKE < 0.2VDDQ is recognized as LOW.
The output timing reference voltage level is VTT.
tHZ and tLZ transitions occur in the same access
time windows as valid data transitions. These pa-
rameters are not referenced to a specific voltage
level but specify when the device output is no longer
driving (HZ), or begins driving (LZ).
The maximum limit for this parameter is not a device
limit. The device will operate with a greater value for
this parameter, but system performance (bus turn-
around) will degrade accordingly.
The specific requirement is that DQS be valid
(HIGH, LOW, or at some point on a valid transition)
on or before this CK edge. A valid transition is de-
fined as monotonic and meeting the input slew rate
specifications of the device. When no writes were
previously in progress on the bus, DQS will be tran-
sitioning from High—Z to logic LOW. If a previous
write was in progress, DQS could be HIGH, LOW, or
transitioning from HIGH to LOW at this time, de-
pending on tDQSS.
A maximum of eight AUTO REFRESH commands
can be posted to any given DDR SDRAM device.
24. For command/address input slew rate =1.0 V/ns
25.For command/address input slew rate =0.5 V/ns
and <1.0 Vins
26.For CK & CK slew rate =1.0 V/ns
27.These parameters guarantee device timing, but
they are not necessarily tested on each device.
28.Slew Rate is measured between VOH(ac) and
VOL(ac).
29.Min (tCL, tCH) refers to the smaller of the actual
clock low time and the actual clock high time as pro-
vided to the device (i.e. this value can be greater
than the minimum specification limits for tCL and
tCH).
30.tQH = tHPmin — X where:
tHP = minimum half clock period for any given cycle
and is defined by clock high or clock low (tCH, tCL).
X consists of tDQSQmax, the pulse width distortion
of on—chip clock circuits, data pin to pin skew and
output pattern effects, and p—channel to n—channel
variation of the output drivers.

15.

16.

17.
18.

19.

22.

23.
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tDSL tDSH

DQS 7 ~_ 7 X W/

DON'T

CARE

DI n = Data In for column n

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed
order following DI n

Figure 37 — DATA INPUT (WRITE) TIMING

tDQSQ

max

DQS

tQH

°Q < XX )

Burst of 4 is shown.

tDQSQ and tQH are only shown once, and are shown referenced to different edges of DQS, only for clarity of illustration.
tDQSQ and tQH both apply to each of the four relevant edges of DQS.

tQHmIN = tHPmMin — X where:
tHP = minimum half clock period for any given cycle and is defined by clock high or clock low (tCH, tCL).
X consists of tDQSQmayx, the pulse width distortion of on—chip clock circuits, data pin to pin skew and output pattern
effects, and p—channel to n—channel variation of the output drivers.

Figure 38 — DATA OUTPUT (READ) TIMING
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N
]

VDDQ tVDT=0
VTT]
(system*
VREFr 7z 7 7 7
tCK
tCH | tCL

1 us|uH ‘ ‘ ‘

(
CKE| LVCMOS LOW LEVEL ( \@/ Z i:
)

S| tiH

|
CK ﬁj/j\ﬁ_/j — (—— (— (! (— (—— — —
LTSI X OO O X XXX
) ) ) ) )
\ \ \ \

COMMAND/////////{?( NoP PR

((

LSS

D

<

s 77777 Il TS TT IS TTH

(( ALL BANKS

O I/ (Y Bl S/ 1 A 1A 1Y

o (( High-Z (‘(
bQ )) )
( fa? « (
bR )) )\) 1)
T=200 ps
tMRD tMRD tRP tRFC tRFC tMRD
K \Ijg\ge;;jp: Eﬁigiw 200 cycles of CK** |
CLK stable Register Load
Set Mode
Load Register
Mode (with A8 = L)
Register,
Reset DLL ¥/ bonT care
(with A8 = H)

* = VTT is not applied directly to the device, however tVTD must be greater than or equal to zero to avoid device latch—-up.
** = tMRD is required before any command can be applied, and 200 cycles of CK are required before a READ command can be applied
The two Auto Refresh commands may be moved to follow the first MRS but precede the second PRECHARGE ALL command.

Figure 39 — INITIALIZE AND MODE REGISTER SETS
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e
NN N
A A A A
0 I T
S A A A A
Power-own Power-Dowr

7 ,
é DON'T CARE

No column accesses are allowed to be in progress at the time Power—Down is entered

* = |f this command is a PRECHARGE (or if the device is already in the idle state) then the Power—-Down
mode shown is Precharge Power Down. If this command is an ACTIVE (or if at least one row is already
active) then the Power—Down mode shown is Active Power Down.

Figure 40 - POWER-DOWN MODE
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tck fcH | tcL
| | | | « «
oK — e e Vi ) T\ au S
cK fy __/ _/
« ‘
CKE ( VALID
)
(( ‘
COMMAND >@®< NOP AR >Q:(;< NOP NOP ACT
| « |
A0-A8 ( RA
)
| ! |
A9, AL RA
( ‘
Al10 ( RA
‘ IRl
i
BAO, BA1 // ////// / BA
) /)
| | | ' |
oes /, s g /
) ))
(« ((
DQ
)) )
(« «
DM f

tRP tRFC tRFC

DON'T CARE

* ="Don't Care”, if A10 is HIGH at this point; A10 must be HIGH if more than one bank is active (i.e., must precharge all active banks)
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address, AR = AUTOREFRESH

NOP commands are shown for ease of illustration; other valid commands may be possible at these times

DM, DQ and DQS signals are all "Don’t Care”/High—Z for operations shown

Figure 41 — AUTO REFRESH MODE

Release 1

XILINX EXHIBIT 1009
Page 96



JESD 79

Page 65
tck
¢ ¢ clock must be stable before
CH CL exmng Self Refresh mode
o >_F_“W XXX @DC
CcK |
| us ftH . s |
-— ((
U AR
CKE 27 (« // /.
tis| tiH )

’/1/////’///////// ’ e X7

| tis| tiH

AODR 7///////////////////////////////////% %
oo 7/////////////////))/////////////////1(/////4

S A A A
on L0 T T

IXSNR/
'RP Enter tXSRD**
Self Refresh Exit
Mode Self Refresh
Mode
DON'T CARE

* = Device must be in the "All banks idle” state prior to entering Self Refresh mode
** = {XSNR is required before any non—-READ command can be applied, and tXSRD (200 cycles of CK)
are required before a READ command can be applied.

Figure 42 — SELF REFRESH MODE
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- )
CK
4H
-]
CKE 8
COMMAND NOP ,,l AcT 0 NoP Q
x4:A0-A9 ‘ ‘ ’
XABAO_AT 4, f
I I
x4:A11
X8:A9, ALL RA
X16:A8, A9, Al P——— |
S| tH
-—|— ‘ ALL BANKS ‘
A10 RA /
DIS AP ONE BANK
Ys| tH ‘
e
sro.eaL 7/ pankx s XSS LSS S S S S o XS S S S S S S
cL=2 tRp
\ ! \ \ \
DM
Case 1: ‘
tACKDQSCK = min
1,
. t QPST
QFC |- 2PRE <
(optional) ]\
tpQsck
min
t
tRPRE n a[k RPST
DQS / \
7 N
| |
vz |5 tHz
i min
00 min D:)
= =
Lz tac
min min
Case 2:
tACtDQSCK = max
t
. t QPST
are | QPRE Bl
(optional) I\ 4
tbQsck
max
tRPRE | | IRPST
DQs V \ /4 N
|/ N |
| |— v
7 tHz
00 max DO max
n
| [ ol —
Lz tac
max max

a DON'T CARE

DO n = Data Out from column n

Burst Length = 4 in the case shown

3 subsequent elements of Data Out are provided in the programmed order following DO n

DIS AP = Disable Autoprecharge

*="Don’t Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other commands may be valid at these times

Figure 43 — READ _ WITHOUT AUTO PRECHARGE
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| tek | tcH | tcL |
CK — —\ / -
cK _/ \_ /| _/ _/| N_ /| _/
CKE % VALID VALID VALID
ts| tH
COMMAND j< NOP READ NOP NOP NOP NOP ACT NOP NOP NOP
sl ] | | |
x4:A0-A9 piiaining
X8:A0-A8 Coln RA
X16:A0-A7
x4:A11 ‘ ‘ ‘ ‘ ‘
Xx8:A9, A1l RA
X16:A8, A9, A1l
EN‘AP ‘ ‘ ‘
A10 . RA ’,
=TT
oo 7/ Ak ‘/////////// Y K
|
cL=2 tRp
| | \
o LSS S LSS S LSS S S LSS S
|
arc n 'QPRE| | ‘opsT |
(optional) I\
ID_QSCK
min
{RPRE —| | |!RPsT
DQS T\ *7[ ‘\,x
Wz | T
bo min DnO min
‘L? - ‘A? -
min min
Case 2: ‘
tACHDQSCK = max
e 1 tQPRE tQpsT |
(optional) I\ 4
tbQsck
t{RPRE mai. -« RPST
DQsS YN jli \L
wz | T |tz
0o max D"O max
:L_gx xfﬁ DON'T CARE

DO n= Data Out from column n
Burst Length = 4 in the case shown
3 subsequent elements of Data Out are provided in the programmed order following DO n

EN AP = Enable Autoprecharge

ACT = ACTIVE, RA = Row Address

NOP commands are shown for ease of illustration; other commands may be valid at these times

Figure 44 — READ _ WITH AUTO PRECHARGE
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| tck ‘tCH‘tCL‘
D D G G G S S5 G D G Sib G S N i G G G S G 45 an &
I I L
[Padbly | |

cKe 4 N

i

COMMAND NOP ACT NOP NOP NOP READ NOP PRE NOP NOP ACT
sl | | |
x4:A0-A9
x8:A0-A8 RA Coln RA
x16:A0-A7 ‘ ‘ ‘ ‘
x4:A11
x8:A9, A1l RA RA
x16:A8, A9, All ‘ ls_{_t'_'i 1
Al10 RA '/ RA '/
DIS AP ONE BANK
IR ‘
880,871 7/ K o M////// L LS o YL LN o K LS L) o
RC
RAS _
tRCD CL=2 -
om S L L S
IAC/tDQSCIEiSﬁqilr{ . ‘
oFc | QPRE Bl
(optional) I\ 4
tpQsck
mlj, e |tRPST
boS {RPRE h ‘\7¥
w | T Tz
DQ min Dno min
t,_? - ‘A?:—‘ -
min min
Case 2:
tAC/tDQSCK = max
W | tQPRE ZQE_‘
(optional) T\ ‘
tbQsck
tRPRE]| T | e | [tresT
pQs N
wz | | [tz
Do max ) max
‘L; " tA: =
max max

DON'T CARE

DO n= Data Out from column n

Burst Length = 4 in the case shown

3 subsequent elements of Data Out are provided in the programmed order following DO n

DIS AP = Disable Autoprecharge

* ="Don’t Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other commands may be valid at these times

Note that tRCD > tRCD MIN so that the same timing applies if Autoprecharge is enabled (in which case tRAS would be limiting)

Figure 45 — BANK READ ACCESS
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| tck ‘ tcH ‘ tcL |
w0 L T w1 |
E——— -~

cKe A

Us| tH ‘

COMMAND NOP WRITE NOP NOP NoP NOP PRE NOP NOP ACT

1s) \ \ \ \

X4:A0-A9 —

x8:A0-A8 Coln oA

x16:A0-A7 ‘ ‘ ‘ ‘ ‘

x4:A11

x8:A9, A1l RA

x16:A8, A9, A1l ts |ty ‘ ‘ A ‘

A10 ', RA /,

DIS AP ‘ ‘ ONE BANK

Us| 4

el

0.5 2 I K T T T TT ST T TSI ST D i Mg JIT T F T TN o X

fl:DaSgSl:: min tDstiD;SH - e tWR
00s LS/ s kﬁ’/ S S

DQ r DI Q
o O 777,

tock QOH MAX
IQFC | -
(optional) | / ‘
Case 2: ‘ tpss toss
tDQSS = max © SH* - -
tDQss ‘ < twpsT
apuw;
oes 7/ /] j\_{ S
tWPRES —=| |-
twpRE ‘»‘ — IDQSL‘ }
| ||| \
DQ 7 4 |:'v1| <J—;>
\
DM ‘ <J_;> ‘ /
JoFC tQeK ‘ }LC‘J‘H MIN
(optional) | I\ /H
DON'T CARE
DI n = Data In for column n
Burst Length = 4 in the case shown
3 subsequent elements of Data In are applied in the programmed order following DI n
DIS AP = Disable Autoprecharge
* ="Don’t Care”, if A10 is HIGH at this point
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address
NOP commands are shown for ease of illustration; other valid commands may be possible at these times
Figure 46 — WRITE — WITHOUT AUTO PRECHARGE
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| tck | fcH foL |
o M@d@@@@@@@@@@@@@@@(
CK
Us |t | ‘ ‘
CKE ? */ VALID VALID // VALID /
Us| tH ‘ ‘ ‘
COMMANDX NOP WRITE NOP NOP NOP NOP NOP NOP NOP ACT
‘IS‘ tiH ‘
x4:A0-A9 =
x8:A0-A8 Coln RA
x16:A0-A7 ‘ ‘ ‘ ‘ ‘
x4:A11
x8:A9, A1l RA
x16:A8, A9, A1l i
EN AP ‘ ‘ ‘
A10 RA '/

-~ ‘

ts| tH ‘ ‘

wso. 5 77 7SN o LTI T LTI T T T TS T T T TN Xz

DAL

Case 1: tosH tosH

tDQSS = min
Q ! tbQsH

tpQss . twpsT

v0s 27/ 7777 77 jf N 77777777 /77777 IV IV

twprRES —=| |=—
]
twPRE — le— ‘

ou Q ‘

_ tQck IQOH MAX
FC | =
(optional) N /
Case 2: tpss toss
tDQSS = max N =T

DQSS|

oos 277777774 % | f ] Jf 777777777 7777777777,

tWPRES — ‘«‘

twpRE —>|

\
| R }
Q% B C‘>
O

DM
‘ I
__ t {QOH MIN
oFc LK, |~
(optional) | N i i i /”
DIn = Data In for column n f/ ponT care

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in thenprogrammed order following DI

EN AP = Enable Autoprecharge

ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times

Figure 47 — WRITE — WITH AUTO PRECHARGE
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‘ ek ‘ tcH ‘ tcL ‘
- M@m
CK _/ __/ n_ _/ n__/ _/ _/ 7 _/
1) 1)
L s O o e
CKE
ts| tH
COMMAND NOP ACT NOP NOP WRITE NOP NOP NOP NOP PRE
t|s‘ tiH ‘ ‘ ‘
x4:A0-A9 ===
x8:A0-A8 RA Coln '/
x16:A0-A7 ‘ | ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ ‘
x4:A11
Xx8:A9, All RA
X16:A8, A9, A1l | s |
|| ALL BANKS
Al10 RA
DIS AP ONE BANK
ts| tH
BAO, BAL 7/ Bank x /7 / ; / Bank x 7 / 7 / 2 7/ 7 / Zx “Bank x )€ /:
RAS
tRCD twR
Case 1: tDsH tosH
tDQSS = min FSH i e
tpQss ° twRsT
oes 7/ /LSS S/ e | JV// S S
tWPRES —»| |=—
‘WPR‘E — le— 'bQsL ‘
| B
DQ H
DM , "/
tack tQOH MAX
QFc | |yl
(optional) | / ‘
Case 2: ‘ toss tpss
tDQSS = max 1oqs: - - -
tbQss ‘ twpsT
oes S/ S S SA B | S S
tWPRES —=| |«
twpRE  —| — foosL ‘
\ \
o7 | L)L o
Ppo|
ow JOLLLLLIZ2 2772
o = o
(optional) ‘ I\ ‘ /‘ ‘
DI n = Data In for column n :
Burst Length = 4 in the case shown PoNTeARE
3 subsequent elements of Data In are applied in the programmed order following DI n
DIS AP = Disable Autoprecharge
* ="Don’t Care”, if A10 is HIGH at this point
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address
NOP commands are shown for ease of illustration; other valid commands may be possible at these times
Figure 48 — BANK WRITE ACCESS
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| tck LfeH | e
e — a au - VAN VR I /I
cK —/ ./ . _/ —/ N/ —/ N/ —/
Ssiwe o L ]
~ 7] AR AR aRr AT
1S | YUH
Bl \
COMMAND NoOP WRITE NoP NOP NOP NoP PRE NOP NOP ACT
s | w \ \ | \
x4:A0-A9 T
x8:A0-A8 Col n RA
x16:A0-A7
x4:A11 ‘ ‘ ‘ ‘ ‘
x8:A9, All RA
x16:A8, A9, All ts | fin ‘ ‘ ‘
-] ALLBANKS
AL0 RA
DIS AP ONE BANK
1IS‘ tH ‘ ‘
/77777 T /1 /1 /I DI /.
WR tRp
Case 1: tosH tosH
tDQSS = min — ~ - |~
togss ‘tDQSH J twpsT
s LLL Y R J’ LY
twprRES —=| [=—

!
twPRE ~—» e ‘

DQ " | <_‘T>
\
|
I

g VA
| ‘ /}

| /
tQck tQOH MAX
rare - -
(optional) N A ‘
Case 2: ‘ . <IEss . jEss
tDQSS = max ‘ 005 ‘J
DQss twps
< LSl | i R JV// S
tWPRES  —=| |« ‘
twpRE »‘ le— ‘ bQsL ‘ ‘
| |
DQ 7 r:]\ <j>
\
om / | | } f
T
IQFC fQck ‘ lLQ.C‘)‘H MIN
(optional) ‘ N 4‘
DI n= Data In for column n f/ DON'T CARE

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed order following DI n (the second element of the four is masked)
DIS AP = Disable Autoprecharge

* ="Don’'t Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times

Figure 49 — WRITE _ DM OPERATION
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NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and approved
through the JEDEC Council level and subsequently reviewed and approved by the EIA General
Counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
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JEDEC Standard No. 79

DOUBLE DATA RATE (DDR) SDRAM SPECIFICATION

(From JEDEC Board Ballot JCB-99-70, and modified by numerous other Board Ballots,
formulated under the cognizance of Committee JC-42.3 on DRAM Parametrics.)

Standard No. 79 Revision Log.
Release 1, June 2000
Release 2, May 2002

Scope

This comprehensive standard defines all required aspects of 64Mb through 1Gb DDR
SDRAMSs with X4/X8/X16 data interfaces, including features, functionality, ac and dc
parametrics, packages and pin assignments. This scope will subsequently be expanded
to formally apply to x32 devices, and higher density devices as well.

The purpose of this Standard is to define the minimum set of requirements for JEDEC
compliant 64Mb through 1Gb, X4/X8/X16 DDR SDRAMs. System designs based on the
required aspects of this specification will be supported by all DDR SDRAM vendors
providing JEDEC compliant devices.
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DOUBLE DATA RATE (DDR) SDRAM SPECIFICATION

16 M X4 (4 M X4 X4 banks), 8 M X8 (2 M X8 X4 banks), 4 M X16 (1 M X16 X4 banks)
32 M X4 (8 M X4 X4 banks), 16 M X8 (4 M X8 X4 banks), 8 M X16 (2 M X16 X4 banks)

64 M X4 (16 M X4 X4 banks), 32 M X8 (8 M X8 X4 banks), 16 M X16 (4 M X16 X4 banks)

128 M X4 (32 M X4 X4 banks), 64 M X8 (16 M X8 X4 banks), 32 M X16 (8 M X16 X4 banks)
256 M X4 (64 M X4 X4 banks), 128 M X8 (32 M X8 X4 banks), 64 M X16 (16 M X16 X4 banks)

FEATURES

* Double—data—rate architecture; two data transfers
per clock cycle

* Bidirectional, data strobe (DQS) is transmitted/re-
ceived with data, to be used in capturing data at
the receiver

* DQS is edge—aligned with data for READSs; cen-
ter—aligned with data for WRITEs

« Differential clock inputs (CK and CK)

* DLL aligns DQ and DQS transitions with CK transi-
tions

* Commands entered on each positive CK edge;
data and data mask referenced to both edges of
DQS

* Four internal banks for concurrent operation

* Data mask (DM) for write data

* Burst lengths: 2, 4, or 8

* CAS Latency: 2 or 2.5

* AUTO PRECHARGE option for each burst access

* Auto Refresh and Self Refresh Modes

* 2.5V (SSTL_2 compatible) I/O

*VDDQ =+2.5V 0.2V

* VDD =+3.3V 0.3Vor+25V 0.2V

GENERAL DESCRIPTION

The DDR SDRAM is a high—speed CMOS, dynamic
random-access memory internally configured as a
guad-bank DRAM. These devices contain the follow-
ing number of bits:

64 Mb has 67,108,864 bits

128 Mb has 134,217,728 bits
256 Mb has 268,435,456 bits
512 Mb has 536,870,912 bits
1 Gb has 1,073,741,824 bits

The DDR SDRAM uses a double—data—rate architec-
ture to achieve high—speed operation. The double
data rate architecture is essentially a 2n prefetch archi-
tecture with an interface designed to transfer two data
words per clock cycle at the 1/0 pins. A single read or
write access for the DDR SDRAM effectively consists
of a single 2n—bit wide, one clock cycle data transfer at
the internal DRAM core and two corresponding n-bit
wide, one—half-clock—cycle data transfers at the 1/O
pins.

A bidirectional data strobe (DQS) is transmitted ex-
ternally, along with data, for use in data capture at the
receiver. DQS is a strobe transmitted by the DDR
SDRAM during READs and by the memory controller

during WRITEs. DQS is edge—aligned with data for
READs and center—aligned with data for WRITES.

The DDR SDRAM operates from a differential clock
(CK and CK; the crossing of CK going HIGH and CK
going LOW will be referred to as the positive edge of
CK). Commands (address and control signals) are reg-
istered at every positive edge of CK. Input data is regis-
tered on both edges of DQS, and output data is refer-
enced to both edges of DQS, as well as to both edges
of CK.

Read and write accesses to the DDR SDRAM are
burst oriented; accesses start at a selected location
and continue for a programmed number of locations in
a programmed sequence. Accesses begin with the
registration of an ACTIVE command, which is then fol-
lowed by a READ or WRITE command. The address
bits registered coincident with the ACTIVE command
are used to select the bank and row to be accessed.
The address bits registered coincident with the READ
or WRITE command are used to select the bank and
the starting column location for the burst access.

The DDR SDRAM provides for programmable read
or write burst lengths of 2, 4 or 8 locations. An AUTO
PRECHARGE function may be enabled to provide a
self-timed row precharge that is initiated at the end of
the burst access.

As with standard SDRAMSs, the pipelined, multibank
architecture of DDR SDRAMSs allows for concurrent
operation, thereby providing high effective bandwidth
by hiding row precharge and activation time.

An auto refresh mode is provided, along with a pow-
er—saving, power—down mode. All inputs are compat-
ible with the JEDEC Standard for SSTL_2. All outputs
are SSTL_2, Class Il compatible.

Initial devices may have a VDD supply of 3.3 V (nomi-
nal). Eventually, all devices will migrate to a VDD sup-
ply of 2.5V (nominal). During this initial period of prod-
uct availability, this split will be vendor and device
specific.

This data sheet includes all features and functional-
ity required for JEDEC DDR devices; options not re-
quired, but listed, are noted as such. Certain vendors
may elect to offer a superset of this specification by of-
fering improved timing and/or including optional fea-
tures. Users benefit from knowing that any system de-
sign based on the required aspects of this
specification are supported by all DDR SDRAM ven-
dors; conversely, users seeking to use any superset
specifications bear the responsibility to verify support
with individual vendors.

Note: The functionality described in, and the tim-
ing specifications included in this data sheet are
for the DLL Enabled mode of operation.

Note: This specification defines the minimum set of requirements for JEDEC X4/X8/X16 DDR SDRAMs.
Vendors will provide individual data sheets in their specific format. Vendor data sheets should be con-
sulted for optional features or superset specifications.
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64 Mb Through 1Gb DDR SDRAM (X4, X8, & X16) IN TSOP2 & LSOJ

Release 2

Page 3
ADDRESS ASSIGNMENT TABLE
Org. _|Bank] Row Addr. Col Addr Bank Addr
64Mb | 16M X4 | 4 | AO=A A0=A9 BAO, BA
8M X 8 4 | AO=A AO0=A8 BAO, BA.
AM X 16 | 4 | AO=A AO=A7 BAO, BA
128 M 32M X4 | 4 | A0O=A11] A0=A9 All BAQ, BA1
16M X8 | 4 | AO=A11 A0=A9 BAQ, BA1
SMX16 | 4 | AO=A11 A0=A8 BAQ, BA1
256 Ml 64M X 4 | 4 | AO=A12] A0=A9, A1l BAO, BA.
32M X8 | 4 | AO=A12 A0=A9 BAO, BA.
16M X 16| 4 | AO=A12 A0=A8 BAO, BA.
512 M 128M X 41 4 | AO=A121A0=A0 A11 A1d BAQ BAl
64M X8| 4 | AO=A12] AO0=A9. A1l BAQ, BA1
32M X 161 4 | AO=A12 AO0=A9 BAQ, BA1
1Gb |256M X4] 4 | AO=A13]|A0=A9,A11 A14 BAO, BA
128M X 8] 4 | AO=A13] AO0=A9,A1l BAO, BA:
64 16] 4 | AO=A13 A0=A9 BAO, BA1
TABLE 1la: TSOP2 Device Address
Assignment Table
—— T
—— 1
e The following pin assignments apply
— T for CS and CKE pins for Stacked
——> and Non-stacked devices.
» Pin Non-— | Stacked
T Stacked
I— 24 CS CS0
| —1— > 25 NC Cs1
43 NC CKE1
T 7 44 CKE CKEO
L —
Figure 1
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1 2 3

7 8 )

1 2 3

7 8 9

[vssq| [DQ15] | vss |

A |vbp| |Dqo | VpDQ]

|Do14| |vDDQ| [DQ13]

B | DQ2| |vssol| |po1 ]

[DQ12]| |vssq| [pQ11]

c | Dpqa||vbpq| |DQs |

[DQ10] [vDDQ| | DOY |

D | Dos| |vssol |Dos |

| pgs | [vssq| |upgs|

E [Lpos| [vbpgl [po7 |

I\VREF| | vss| [ubm| F [Lom] [vop | A13Nd
Lek [k | 6 [we]|cas]
A12Nd [cke| H | RAs] | cs |
|a11 || a9 | 3 |BA1]|BA0]
| A8 || A7 | Kk | Ao | plo/aR
Las || a5 | L [ A2]] A1
| A4 ||vss| m [voD|| A3 |

X16 Device Ball Pattern

© : Depopulated Ball

lvssQ| | Nnc | [vss| A [vbD| | Nc | |vDDQ lvssQ| |DQ7 | [vss| A |vbD||DQo | VDDQ|
[ nc | [vopd [pes] B [DQoffvssql [nc | [ nc |[vopg [pes| B [ Dot [vssql [ Nc |
| NC | [vssq| [ Nc | € | Nc | [vbDpq| | NC | | NC | lvssQ| [p@s| ¢ | DpQ2| [vbbq| | Nc |
[ nc | [vood [pe2] B [Do1f[vssql [nc | [ nc |lvopg [De4] B [DQ3| |vssql [ Nc |
L nc | [vssq [pes] E | nc | [vbpgl | Nc ] L nc | lvssq| [pes] E | nc | [vbpg| | nc |
\VRer| [vss] | om | F [ nc ] [vop]Aiznd \VReF| [vss || om] £ [ nc][vop]psng

Lck || e [we][cas] Lck |k ] e [ we]|cas]|

A2NG [ CKE| H | RAS| [ Cs | A2NG [ CKE| H | RAS|| cs |

|A11] | a9 | 3 [BA1][BA0] lAawL] | A9 | 3o [BAL]|BA0O]

| A8 || A7 | Kk | A0 | h1o/AR | a8 || A7 ] Kk | A0 | AtoAH

las || as | L | a2 ][ a1 Las | [ as] L [ a2 ]| A |

| A4 |[vss| m |[vop||[ A3 | | A4 |[vss] m [vbp]| A3 |

X4 Device Ball Pattern X8 Device Ball Pattern
x10) 1 2 3 s ® .BallExisng  [For Reference Only]

Top View(See the balls through the Package)

123456789

max. 8.5 mm

}
A 90000000 0
§l.0mm
B 00 000006 6
C e00O0O0DOCOOGS
D 00000 0COOOGS
E 00000 0COOOGO
F eeecoco0eee | MaxI18mm
max. 17 mm
G Oeeo0oo0oo0oeeoO for Micro DIMM
H 00000 0O®®O0
J 00000 0O®®O0
K cOeeo0oo0oo0eeoO
L cOeeo0oo0oo0eeoO
M OQOOOOTTO
.8mm
4¢— max. 10 mm——p

for Micro DIMM
BGA Package Ball Pattern,

Top View

Figure 2
128 Mb Through 1Gb DDR SDRAM (X4, X8, & X16) IN BGA
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Page 5
Item 128Mb 256Mb 512Mb 1Gb Note
Number of banks 4 4 4 4
Bank Address Pins BAO, BA1 BAO, BA1 BAO, BA1 BAO, BA1
Autoprecharge Pins A10/AP A10/AP A10/AP A10/AP
Row Addresses A0-Al1 A0-Al12 A0-Al12 A0-A13
Column Addresses x4 AO0-A9,Al1l A0-A9,Al11 A0-A9,A11,A12 | AD-A9,Al11,AL12
x8 A0-A9 A0-A9 A0-A9,Al11 A0-A9,Al11
x16 A0-A8 AD-A8 A0-A9 A0-A9
H2 pin function NC Al12 Al12 Al12
F13 pin function NC NC NC Al13
JC11 MO # MO-233A MO-233A MO-233A MO-233A
JC11 Variation # AA AA AA AA
JC11 Package DSBGA DSBGA DSBGA DSBGA
Name
Pin Pitch 0.8mmx 1.0 0.8mmx 1.0 0.8 mmx 1.0 0.8 mmx 1.0
mm mm mm mm
TABLE 1b: BGA Device Address Assignment and Package Table
|_ _________________________________________ =
| I
=0 |
moam '
I
:t g | “osc |
?S_’é_ §§ A %4 | X8 | X16 :
X 8 16 32 |
Y 4 8 16 |
| REFRESH 14 |
| | o
ZIGE | N MUX _,ﬁ |
v = 14 DECgDER v |
I
I
I

A0-A13,
BAO, BAL

JESD 79

6 ADDRESS [ |_ —_——
REGISTER f—

I
I
I
I
I
I
I
I
I
-

SENSE AMPLIFIERS

=

READ
LATCH Y

BANK
—— —— —| CONTROL
LOGIC

110 GATING
DM MASK LOGIC

——

COLUMN

COLUMN-
N ADDRESS

12

COUNTER/

LATCH

DECODER

WRITE
FIFO
&

DRIVERS

Note 1: This Functional Block Diagram is intended to facilitate user understanding of the operation of the device; it does
not represent an actual circuit implementation.

Note 2: DM is a unidirectional signal (input only) but is internally loaded to match the load of the bidirectional DQ and DQS signals.
Note 3: Not all address inputs are used on all densities.

FIGURE 3: FUNCTIONAL BLOCK DIAGRAM OF DDR SDRAM
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TABLE 2: PIN DESCRIPTIONS

SYMBOL TYPE DESCRIPTION

CK, CK Input Clock: CK and CK are differential clock inputs. All address and control input signals
are sampled on the crossing of the positive edge of CK and negative edge of CK.
Output (read) data is referenced to the crossings of CK and CK (both directions of

crossing).
CKE Input Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock sig-
nals, and device input buffers and output drivers. Taking CKE LOW provides PRE-
(CKEO) CHARGE POWER-DOWN and SELF REFRESH operation (all banks idle), or AC-
(CKE1) TIVE POWER-DOWN (row ACTIVE in any bank). CKE is synchronous for POW-

ER-DOWN entry and exit, and for SELF REFRESH entry. CKE is asynchronous for
SELF REFRESH exit, and for output disable. CKE must be maintained high
throughout READ and WRITE accesses. Input buffers, excluding CK, CK and CKE
are disabled during POWER-DOWN. Input buffers, excluding CKE are disabled
during SELF REFRESH. CKE is an SSTL_2 input, but will detect an LVCMOS LOW
level after Vdd is applied. The standard pinout includes one CKE pin. Optional pin-
outs include CKEO and CKEZ1 on different pins, to facilitate device stacking.

[ Input Chip Select: All commands are masked when CS is registered high. CS provides
(CS0) for external bank selection on systems with multiple banks. CS is considered part of
(CS1) the command code. The standard pinout includes one CS pin. Optional pinouts

include CS0 and CS1 on different pins, to facilitate device stacking.

RAS, CAS, |Input Command Inputs: RAS, CAS and WE (along with CS) define the command being
WE entered.

DM Input Input Data Mask: DM is an input mask signal for write data. Input data is masked
(LDM) when DM is sampled HIGH along with that input data during a WRITE access. DM
(UDM) is sampled on both edges of DQS. Although DM pins are input only, the DM loading

matches the DQ and DQS loading. For the X16, LDM corresponds to the data on
DQO-DQ7; UDM corresponds to the data on DQ8-DQ15. DM may be driven high,
low, or floating during READSs.

BAO, BA1 Input Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, READ,
WRITE or PRECHARGE command is being applied.

AO0-A13 Input Address Inputs: Provide the row address for ACTIVE commands, and the column
address and AUTO PRECHARGE bit for READ/WRITE commands, to select one
location out of the memory array in the respective bank. A10 is sampled during a
precharge command to determine whether the PRECHARGE applies to one bank
(A10 LOW) or all banks (A10 HIGH). If only one bank is to be precharged, the bank
is selected by BAO, BA1. The address inputs also provide the op—code during a
MODE REGISTER SET command. BAO and BA1 define which mode register is
loaded during the MODE REGISTER SET command (MRS or EMRS). A12 is used
on device densities of 256Mb and abover; A13 is used on device dendities of 1Gb.

DQ I/O Data Bus: Input/Output.

DQS I/O Data Strobe: Output with read data, input with write data. Edge—aligned with read

(LDQS) data, centered in write data. Used to capture write data. For the X16, LDQS corre-
(UDQS) sponds to the data on DQO-DQ7; UDQS corresponds to the data on DQ8-DQ15.

NC — No Connect: No internal electrical connection is present.

vVDDQ Supply | DQ Power Supply: +2.5V +0.2 V.

VSSQ Supply | DQ Ground.

VDD Supply | Power Supply: One of +3.3 V 0.3 V or +2.5 V 0.2 V (device specific).

VSS Supply | Ground.

VREF Input SSTL_2 reference voltage.
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FUNCTIONAL DESCRIPTION

The DDR SDRAM is a high—speed CMOS, dy-
namic random-access memory internally config-
ured as a quad-bank DRAM. These devices con-
tain the following number of bits:
64Mb has 67,108,864 bits
128Mb has 134,217,728 bits
256Mb has 268,435,456 bits
512Mb has 536,870,912 bits
1Gb has 1,073,741,824 bits

The DDR SDRAM uses a double—data—rate archi-
tecture to achieve high—speed operation. The
double—data-rate architecture is essentially a 2n
prefetch architecture, with an interface designed to
transfer two data words per clock cycle at the 1/0O
pins. A single read or write access for the DDR
SDRAM consists of a single 2n-bit wide, one clock
cycle data transfer at the internal DRAM core and
two corresponding n—bit wide, one—half clock cycle
data transfers at the 1/0 pins. DQ, DQS, & DM may
be floated when no data is being transferred

Read and write accesses to the DDR SDRAM are
burst oriented; accesses start at a selected location
and continue for a programmed number of locations
in a programmed sequence. Accesses begin with
the registration of an ACTIVE command, which is
then followed by a READ or WRITE command. The
address bits registered coincident with the ACTIVE
command are used to select the bank and row to be
accessed (BAO, BA1 select the bank; A0O-A13 se-
lect the row). The address bits registered coincident
with the READ or WRITE command are used to se-
lect the starting column location for the burst ac-
cess.

Prior to normal operation, the DDR SDRAM must
be initialized. The following sections provide de-
tailed information covering device initialization, reg-
ister definition, command descriptions and device
operation.

INITIALIZATION

DDR SDRAMs must be powered up and initialized
in a predefined manner. Operational procedures
other than those specified may result in undefined
operation. No power sequencing is specified during
power up and power down given the following crite-
ria:
e VDD and VDDQ are driven from a single power

converter output, AND

® VTT is limited to 1.35 V, AND
® VREF tracks VDDQ/2

OR, the following relationships must be followed:

e V\DDQ is driven after or with VDD such that
VDDQ < VDD + 0.3V AND

e VTT is driven after or with VDDQ such that
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VTT <VDDQ + 0.3V, AND
® VREF is driven after or with VDDQ such that
VREF < VDDQ + 0.3 V.

At least one of these two conditions must be met.

Except for CKE, inputs are not recognized as valid
until after VREF is applied. CKE is an SSTL_2 input,
but will detect an LVCMOS LOW level after VDD is
applied. Maintaining an LVCMOS LOW level on
CKE during power—up is required to guarantee that
the DQ and DQS outputs will be in the High—Z state,
where they will remain until driven in normal opera-
tion (by a read access). After all power supply and
reference voltages are stable, and the clock is
stable, the DDR SDRAM requires a 200 us delay
prior to applying an executable command.

Once the 200 us delay has been satisfied, a DE-
SELECT or NOP command should be applied, and
CKE should be brought HIGH. Following the NOP
command, a PRECHARGE ALL command should
be applied. Next a MODE REGISTER SET com-
mand should be issued for the Extended Mode Reg-
ister, to enable the DLL, then a MODE REGISTER
SET command should be issued for the Mode Reg-
ister, to reset the DLL, and to program the operating
parameters. 200 clock cycles are required between
the DLL reset and any read command. A PRE-
CHARGE ALL command should be applied, placing
the device in the "all banks idle” state.

Once in the idle state, two AUTO refresh cycles
must be performed. Additionally, a MODE REG-
ISTER SET command for the Mode Register, with
the reset DLL bit deactivated (i.e., to program oper-
ating parameters without resetting the DLL) must
be performed. Following these cycles, the DDR
SDRAM is ready for normal operation.

REGISTER DEFINITION

MODE REGISTER

The Mode Register is used to define the specific
mode of operation of the DDR SDRAM. This defini-
tion includes the selection of a burst length, a burst
type, a CAS latency, and an operating mode, as
shown in Figure 4. The Mode Register is pro-
grammed via the MODE REGISTER SET com-
mand (with BAO = 0 and BA1 = 0) and will retain the
stored information until it is programmed again or
the device loses power (except for bit A8, which is
self—clearing).

Mode Register bits A0-A2 specify the burst
length, A3 specifies the type of burst (sequential or
interleaved), A4—A6 specify the CAS latency, and
A7-A13 or (A12 on 256Mb/512Mb, A13 on 1Gb see
figure 4) specify the operating mode.
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The Mode Register must be loaded when all
banks are idle and no bursts are in progress, and the
controller must wait the specified time before initiat-
ing any subsequent operation. Violating either of
these requirements will result in unspecified opera-
tion.

Burst Length

Read and write accesses to the DDR SDRAM are
burst oriented, with the burst length being program-
mable, as shown in Figure 4. The burst length deter-
mines the maximum number of column locations
that can be accessed for a given READ or WRITE
command. Burst lengths of 2, 4, or 8 locations are
available for both the sequential and the interleaved
burst types.

Table 3
BURST DEFINITION
Burst Starting Order of Accesses Within a Burst
Length ,gj?jli?sr; Type = Sequential Type = Interleaved
A0
2 0 0-1 0-1
1 1-0 1-0
Al A0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 Al AO
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6—7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

Notes:

1. For a burst length of two, A1-Ai selects the two—data—ele-
ment block; AO selects the first access within the block.

2. For a burst length of four, A2—Ai selects the four—data—ele-
ment block; AO—A1 selects the first access within the block.

3. For a burst length of eight, A3—Ai selects the eight—data—
element block; AO—A2 selects the first access within the
block.

4. Whenever a boundary of the block is reached within a given
sequence above, the following access wraps within the
block.

Reserved states should not be used, as unknown
operation or incompatibility with future versions
may result.

When a READ or WRITE command is issued, a
block of columns equal to the burst length is effec-
tively selected. All accesses for that burst take
place within this block, meaning that the burst will
wrap within the block if a boundary is reached. The
block is uniquely selected by A1-Ai when the burst
length is set to two, by A2—Ai when the burst length
is set to four and by A3—Ai when the burst length is
set to eight (where Ai is the most significant column
address bit for a given configuration). The remain-
ing (least significant) address bit(s) is (are) used to
select the starting location within the block. The pro-
grammed burst length applies to both read and write
bursts.

BA1 BAO A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Bus

ARARARRARAREARE

15/14/13/12/1/10/9/8/71/6/5/4 /3 /2 /1 oﬂModeRegis‘er

0* | 0* | Operating Mode | CAS Latency | BT | Burst Length
Burst Length
* BA1 and BAO must
be 0, 0 to select the A2 AL A0 A3=0 A=l
mode register (vs. the 0 0 o0 Reserved Reserved
extended mode register). 0 0 1 2 2
0 1 0 4 4
0 1 1 8 8
1 0 0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
11 1 Reserved Reserved
A3 Burst Type
0 Sequential
1 Interleaved
A6 A5 A4 CAS Latency
0O 0 O Reserved
0O 0 1 Reserved
0o 1 o0 2
0 1 1 3 (optional)
1 0 O Reserved
1 0 1 1.5 (optional)
1 1 0 25
1 1 1 Reserved

An—-A9 |A8|A7 A6-A0 Operating Mode

0 0|0 Valid Normal Operation
0 1]0 Valid Normal Operation/Reset DLL
0 0|1 Vs Vendor Specific Test Mode

-1- All other states reserved

An = most significant address bit for this device.
VS = Vendor Specific

Figure 4
Mode Register Definition
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Burst Type

Accesses within a given burst may be pro-
grammed to be either sequential or interleaved; this
is referred to as the burst type and is selected via bit
A3.

The ordering of accesses within a burst is deter-
mined by the burst length, the burst type and the
starting column address, as shown in Table 3.

Read Latency

The READ latency is the delay, in clock cycles, be-
tween the registration of a READ command and the
availability of the first piece of output data. The la-
tency can be set to 2 or 2.5 clocks (latencies of 1.5
or 3 are optional, and one or both of these optional
latencies might be supported by some vendors).

If a READ command is registered at clock edge n,
and the latency is m clocks, the data will be available
nominally coincident with clock edge n + m.

Reserved states should not be used as unknown
operation, or incompatibility with future versions
may result.

Operating Mode

The normal operating mode is selected by issuing
a Mode Register Set command with bits A7-A13
each set to zero, and bits AO—AG set to the desired
values. A DLL reset is initiated by issuing a Mode
Register Set command with bits A7 and A9—A13
each set to zero, bit A8 set to one, and bits AO-A6
set to the desired values. A Mode Register Set com-
mand issued to reset the DLL should always be fol-
lowed by a Mode Register Set command to select
normal operating mode.

All other combinations of values for A7-A13 are
reserved for future use and/or test modes. Test
modes and reserved states should not be used be-
cause unknown operation or incompatibility with fu-
ture versions may result.

Terminology Definitions.

The following are definitions of the terms
DDR200, DDR266, & DDR333, as used in this
specification.

DDR200: A speed grade for DDR SDRAM devices.
The nominal operating (clock) frequency of such
devices is 100 MHz (meaning that although the de-
vices operate over a range of clock frequencies, the
timing specifications included in this speed grade
are tailored to a 100 MHz clock frequency). The cor-
responding nominal data rate is *200 MHz.
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DDR266: A Speed grade for DDR SDRAM devices.
The nominal operating (clock) frequency of such
devices is 133 MHz (meaning that although the de-
vices operate over a range of clock frequencies, the
timing specifications included in this speed grade
are tailored to a 133 MHz clock frequency). The cor-
responding nominal data rate is *266 MHz.

DDR333: A Speed grade for DDR SDRAM devices.
The nominal operating (clock) frequency of such
devices is 167 MHz (meaning that although the de-
vices operate over a range of clock frequencies, the
timing specifications included in this speed grade
are tailored to a 167 MHz clock frequency). The cor-
responding nominal data rate is *333 MHz.

In addition to the above DDRxxx specification, a let-
ter modifier may be applied to indicate special tim-
ing characteristics for these devices in various mar-
ket applications. For example, DDR266A and
DDR266B classifications define distinct sorts for
operation as a function of CAS latency. These differ-
ences between sorts are described in Table 10, "AC
Timing Variations”.

* In this context, the term MHz is used loosely. A
more technically precise definition is "million trans-
fers per second per data pin”
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Figure 5
REQUIRED CAS LATENCIES
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EXTENDED MODE REGISTER

The Extended Mode Register controls functions
beyond those controlled by the Mode Register;
these additional functions include DLL enable/dis-
able, output drive strength selection (optional).
These functions are controlled via the bits shown in
Figure 6. The Extended Mode Register is pro-
grammed via the MODE REGISTER SET com-
mand (with BAO = 1 and BA1 = 0) and will retain the
stored information until it is programmed again or
the device loses power.

The Extended Mode Register must be loaded
when all banks are idle and no bursts are in prog-
ress, and the controller must wait the specified time
before initiating any subsequent operation. Violat-
ing either of these requirements will result in un-
specified operation.

DLL Enable/Disable

The DLL must be enabled for normal operation.
DLL enable is required during power—up initializa-
tion, and upon returning to normal operation after
having disabled the DLL for the purpose of debug or
evaluation (upon exiting Self Refresh Mode, the
DLL is enabled automatically). Any time the DLL is
enabled a DLL Reset must follow and 200 clock
cycles must occur before a READ command can be
issued.

Output Drive Strength

The normal drive strength for all outputs is speci-
fied to be SSTL_2, Class Il. Some vendors might
also support a weak driver strength option, intended
for lighter load and/or point—to—point environments.
I-V curves for the normal drive strength and weak
drive strength are included in this document.
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Address Bus
BA1 BAO A13 A12 Al A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

SRARRRRARAREREN

15/ 14/ 13/ 12/ 11/ 10/ 9 8 7 6, 5/ 4 3 2 i

9 Extended

| 0* | 1* | Operating Mode | 0"| DS|DL Mode
Register
* BAl and BAO A0 | DLL
must be 0, 1 to select the 0 Enable
Extended Mode Register (vs. the -
base Mode Register). 1 | Disable
** A2 must be 0 to provide
compatibility with early DDR Al | Drive Strength
devices ) Normal
1 | Weak (optional)
A2
0 See note **
An - A3 A2 - AO Operating Mode
0 Valid Normal Operation
- _ All other states reserved
Figure 6
EXTENDED MODE REGISTER
DEFINITION
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COMMANDS

Truth Table 1a provides a quick reference of available commands. This is followed by a verbal description of
each command. Two additional Truth Tables appear following the Operation section; these tables provide

current state/next state information.

TRUTH TABLE l1a — Commands

(Notes: 1)

NAME (Function) CS |RAS|CAS | WE ADDR NOTES
DESELECT (NOP) H X X X X 9
NO OPERATION (NOP) L H H H X 9
ACTIVE (Select bank and activate row) L L H H Bank/Row 3
READ (Select bank and column, and start READ burst) L H L H Bank/Col 4
WRITE (Select bank and column, and start WRITE burst) L H L L Bank/Col 4
BURST TERMINATE L H H L X 8
PRECHARGE (Deactivate row in bank or banks) L L H L Code 5
AUTO refresh or Self Refresh (Enter self refresh mode) L L L H X 6,7
MODE REGISTER SET L L L L Op-Code 2

TRUTH TABLE 1b — DM Operation

NAME (Function) DM DQs NOTES
Write Enable L Valid 10
Write Inhibit H X 10

NOTE: 1. CKE is HIGH for all commands shown except SELF REFRESH.
2. BAO-BA1 select either the Base or the Extended Mode Register (BAO = 0, BA1 = 0 selects

Mode Register; BAO = 1, BA1 = 0 selects Extended Mode Register; other combinations of

BAO-BA1 are reserved; AO—A13 provide the op—code to be written to the selected Mode Reg-

ister.

3. BAO-BA1 provide bank address and AO—A13 provide row address.
4. BAO—BAL1 provide bank address; AO—Ai provide column address; A10 HIGH enables the auto
precharge feature (nonpersistent), A10 LOW disables the auto precharge feature.

. A10 LOW: BAO—-BA1 determine which bank is precharged.

A10 HIGH: all banks are precharged and BAO—BA1 are "Don’t Care.”

. This command is AUTO REFRESH if CKE is HIGH; SELF REFRESH if CKE is LOW.
. Internal refresh counter controls row addressing; all inputs and I/Os are "Don’t Care” except for

CKE.

. Applies only to read bursts with autoprecharge disabled; this command is undefined (and

should not be used) for read bursts with autoprecharge enabled, and for write bursts.

. DESELECT and NOP are functionally interchangeable.
. Used to mask write data, provided coincident with the corresponding data.
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TRUTH TABLE 2 — CKE
(Notes: 1-4)
CKEn-1 | CKEn | CURRENT STATE COMMANDN ACTIONN NOTES
L Power-Down X Maintain Power—-Down
L L Self Refresh X Maintain Self Refresh
L H Power—Down DESELECT or NOP Exit Power-Down
L H Self Refresh DESELECT or NOP Exit Self Refresh 5
H L All Banks Idle DESELECT or NOP Precharge Power—-Down Entry
H L Bank(s) Active DESELECT or NOP Active Power—-Down Entry
H L All Banks Idle AUTO REFRESH Self Refresh Entry
H H See Truth Table 3

NOTE: 1. CKEn is the logic state of CKE at clock edge n; CKEn-1 was the state of CKE at the previous clock edge.
2. Current state is the state of the DDR SDRAM immediately prior to clock edge n.
3. COMMANDN is the command registered at clock edge n, and ACTIONn is a result of COMMANDN.

4. All states and sequences not shown are illegal or reserved.

5. DESELECT or NOP commands should be issued on any clock edges occurring during the tXSNR or
tXSRD period. A minimum of 200 clock cycles is needed before applying a read command, for the DLL to

lock.
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TRUTH TABLE 3 — Current State Bank n — Command to Bank n

(Notes: 1-6; notes appear below and on next page)

CURRENT | ©5 | RAS | CAS | WE | COMMAND/ACTION NOTES
STATE
H X X X | DESELECT (NOP/continue previous operation)
Any L H H H | NO OPERATION (NOP/continue previous operation)
L L H H | ACTIVE (select and activate row)
Idle L L L H |[AUTO REFRESH
L L L L MODE REGISTER SET 7
L H L H | READ (select column and start READ burst) 10
Row Active L H L L | WRITE (select column and start WRITE burst) 10
L L H L | PRECHARGE (deactivate row in bank or banks) 8
L H L H | READ (select column and start new READ burst) 10
Read (Auto- L H L L | WRITE (select column and start new WRITE burst) 10, 12
Fgf;‘;?,?erg)e L L H L |PRECHARGE (truncate READ burst, start precharge) 8
L H H L BURST TERMINATE 9
Write (Auto— L H L H | READ (select column and start READ burst) 10,11
Precharge L H L L | WRITE (select column and start new WRITE burst) 10
Disabled) L L H L | PRECHARGE (truncate WRITE burst, start precharge) 8, 11
NOTE:

This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Truth Table 2) and after tXSNR or tXSRD

has been met (if the previous state was self refresh).

This table is bank—specific, except where noted, i.e., the current state is for a specific bank and the commands shown
are those allowed to be issued to that bank when in that state. Exceptions are covered in the notes below.

Current state definitions:

Idle:
Row Active:

Read:

Write:

The bank has been precharged, and tRP has been met.

A row in the bank has been activated, and tRCD has been met. No data bursts/ac-
cesses and no register accesses are in progress.

A READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated.

A WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated.

The following states must not be interrupted by a command issued to the same bank. DESELECT or NOP com-

mands, or allowable commands to the other bank should be issued on any clock edge occurring during these
states. Allowable commands to the other bank are determined by its current state and Truth Table 3, and accord-

ing to Truth Table 4.
Precharging:

Row Activating:

Read w/Auto—
Precharge Enabled:

Write w/Auto—
Precharge Enabled:

Starts with registration of a PRECHARGE command and ends when tRP is met. Once
tRP is met, the bank will be in the idle state.

Starts with registration of an ACTIVE command and ends when tRCD is met. Once
tRCD is met, the bank will be in the "row active” state.

Starts with registration of a READ command with AUTO PRECHARGE enabled and
ends when tRP has been met. Once tRP is met, the bank will be in the idle state.

Starts with registration of a WRITE command with AUTO PRECHARGE enabled and
ends when tRP has been met. Once tRP is met, the bank will be in the idle state.
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NOTE (continued):

5.

10.

11.
12.

The following states must not be interrupted by any executable command; DESELECT or NOP commands must
be applied on each positive clock edge during these states.
Refreshing:  Starts with registration of an AUTO REFRESH command and ends when tRC is met.
Once tRFC is met, the DDR SDRAM wiill be in the "all banks idle” state.
Accessing Mode
Register:  Starts with registration of a MODE REGISTER SET command and ends when tMRD
has been met. Once tMRD is met, the DDR SDRAM will be in the "all banks idle” state.
Precharging All:  Starts with registration of a PRECHARGE ALL command and ends when tRP is met.
Once tRP is met, all banks will be in the idle state.
All states and sequences not shown are illegal or reserved.
Not bank-specific; requires that all banks are idle and no bursts are in progress.
May or may not be bank—specific; if multiple banks are to be precharged, each must be in a valid state for pre-
charging.
Not bank-specific; BURST TERMINATE affects the most recent READ burst, regardless of bank.
Reads or Writes listed in the Command/Action column include Reads or Writes with AUTO PRECHARGE en-
abled and Reads or Writes with AUTO PRECHARGE disabled.
Requires appropriate DM masking.
A WRITE command may be applied after the completion of the READ burst; otherwise, a Burst Terminate must
be used to end the READ prior to asserting a WRITE command,
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TRUTH TABLE 4 — Current State Bank n — Command to Bank m
(Notes: 1-6; notes appear below and on next page)

CURRENT | €S |RAS |CAS | WE | COMMAND/ACTION NOTES

STATE

H X X X | DESELECT (NOP/continue previous operation)
Any L H H H | NO OPERATION (NOP/continue previous operation)
Idle X X X X | Any Command Otherwise Allowed to Bank m
Row L L H H | ACTIVE (select and activate row)
Activating, L H L H | READ (select column and start READ burst)
Active, or L H L L |WRITE (select column and start WRITE burst)
Precharging L L H L |PRECHARGE

Read L L H H |ACTIVE (select and activate row)

(Auto— L H L H | READ (select column and start new READ burst) 7
Precharge L H L L |WRITE (select column and start new WRITE burst) 7,9

Disabled) L | L | H | L |PRECHARGE

Write L L H H | ACTIVE (select and activate row)

(Auto— L H L H | READ (select column and start READ burst) 7,8
Precharge L H L L |WRITE (select column and start new WRITE burst) 7

Disabled) L L H L |PRECHARGE
L L H H | ACTIVE (select and activate row)

_Read L H L H | READ (select column and start new READ burst) 3a,7
(With Auto— L H L L |WRITE (select column and start WRITE burst) 3a,7,9
Precharge)

L L H L |PRECHARGE
_ L L H H | ACTIVE (select and activate row)
(Wi}c/r\mlrgito— L H L H | READ (select column and start READ burst) 3a,7
Precharge) L H L L | WRITE (select column and start new WRITE burst) 3a,7
L L H L |PRECHARGE
NOTE:

This table applies when CKEn-1 was HIGH and CKEn is HIGH (see Truth Table 2) and after tXSNR or tXSRD
has been met (if the previous state was self refresh).
This table describes alternate bank operation, except where noted, i.e., the current state is for bank n and the
commands shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the
given command is allowable). Exceptions are covered in the notes below.
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NOTE: (continued)
3. Current state definitions:
Idle:  The bank has been precharged, and tRP has been met.
Row Active: A row in the bank has been activated, and tRCD has been met. No data bursts/ac-
cesses and no register accesses are in progress.
Read: A READ burst has been initiated, with AUTO PRECHARGE disabled and has not yet
terminated or been terminated.
Write: A WRITE burst has been initiated, with AUTO PRECHARGE disabled and has not yet
terminated or been terminated.
Read with Auto
Precharge Enabled:  See following text
Write with Auto
Precharge Enabled:  See following text
3a. The Read with Auto Precharge Enabled or Write with Auto Precharge Enabled states can each be broken
into two parts: the access period and the precharge period. For Read with Auto Precharge, the precharge
period is defined as if the same burst was executed with Auto Precharge disabled and then followed with the
earliest possible PRECHARGE command that still accesses all of the data in the burst. For Write with Auto
Precharge, the precharge period begins when tWR ends, with tWR measured as if Auto Precharge was dis-
abled. The access period starts with registration of the command and ends where the precharge period (or
tRP) begins. During the precharge period of the Read with Auto Precharge Enabled or Write with Auto Pre-
charge Enabled states, ACTIVE, PRECHARGE, READ and WRITE commands to the other bank may be
applied; during the access period, only ACTIVE and PRECHARGE commands to the other bank may be
applied. In either case, all other related limitations apply (e.g., contention between READ data and WRITE
data must be avoided).
4. AUTO REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.
5. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the
current state only.
6. All states and sequences not shown are illegal or reserved.
7. READs or WRITEs listed in the Command/Action column include READs or WRITEs with AUTO PRECHARGE
enabled and READs or WRITEs with AUTO PRECHARGE disabled.
8. Requires appropriate DM masking.
9. A WRITE command may be applied after the completion of data output, otherwise a Burst Terminate must be
used to the READ prior to asserting a WRITE command..
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Power
Applied

Power
On

Precharge
PREALL

Active
Power
Down

Write

Write

Auto
Refresh

Precharge
Power
Down

Burst Stop

Row
Active

Read

/
Write A

Write A

PRE

Read A

Precharge

PREALL

Automatic Sequence

Command Sequence

PREALL = Precharge All Banks
MRS = Mode Register Set

EMRS = Extended Mode Register Set
REFS = Enter Self Refresh
REFSX = Exit Self Refresh

REFA = Auto Refresh

CKEL = Enter Power Down

CKEH = Exit Power Down

ACT = Active

Write A = Write with Autoprecharge
Read A = Read with Autoprecharge
PRE = Precharge

Figure 7

SIMPLIFIED STATE DIAGRAM
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DESELECT

The DESELECT function (CS = High) prevents
new commands from being executed by the DDR
SDRAM. The DDR SDRAM is effectively dese-
lected. Operations already in progress are not af-
fected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to
perform a NOP to a DDR SDRAM which is selected
(CS is LOW). This prevents unwanted commands
from being registered during idle or wait states. Op-
erations already in progress are not affected.

MODE REGISTER SET

The mode registers are loaded via inputs AO—A13.
See mode register descriptions in the Register Defi-
nition section. The MODE REGISTER SET com-
mand can only be issued when all banks are idle and
no bursts are in progress, and a subsequent execut-
able command cannot be issued until tMRD is met.

ACTIVE

The ACTIVE command is used to open (or acti-
vate) a row in a particular bank for a subsequent ac-
cess. The value on the BAO, BA1 inputs selects the
bank, and the address provided on inputs AO—A13
selects the row. This row remains active (or open)
for accesses until a precharge (or READ or WRITE
with AUTOPRECHARGE) is issued to that bank. A
PRECHARGE (or READ or WRITE with AU-
TOPRECHARGE) command must be issued be-
fore opening a different row in the same bank.

JESD 79
Page 19

READ

The READ command is used to initiate a burst
read access to an active row. The value on the BAO,
BA1 inputs selects the bank, and the address pro-
vided on inputs AO-Ai, shown in Table 4, selects the
starting column location. The value on input A10 de-
termines whether or not auto precharge is used. If
auto precharge is selected, the row being accessed
will be precharged at the end of the read burst; if
auto precharge is not selected, the row will remain
open for subsequent accesses.

WRITE

The WRITE command is used to initiate a burst
write access to an active row. The value on the BAO,
BAL1 inputs selects the bank, and the address pro-
vided on inputs AO-Ai, shown in Table 4, selects the
starting column location. The value on input A10 de-
termines whether or not auto precharge is used. If
auto precharge is selected, the row being accessed
will be precharged at the end of the write burst; if
auto precharge is not selected, the row will remain
open for subsequent accesses.

Input data appearing on the DQs is written to the
memory array subject to the DM input logic level ap-
pearing coincident with the data. If a given DM sig-
nal is registered LOW, the corresponding data will
be written to memory; if the DM signal is registered
HIGH, the corresponding data inputs will be ig-
nored, and a write will not be executed to that byte/
column location.

BURST TERMINATE

The BURST TERMINATE command is used to
truncate read bursts (with autoprecharge disabled).
The most recently registered READ command prior
to the BURST TERMINATE command will be trun-
cated, as shown in the Operation section of this data
sheet.

Density Column Address Row Address
X16 X8 X4

64 Mb AO0=A7 A0=A8 A0=A9 AO0=Al1l

128 Mb A0=A8 A0=A9 AO0=A9 A1l AO0=Al1l

256 Mb A0=A8 A0=A9 AO0=A9 A1l A0=A12

512 Mb A0=A9 AO0=A9,A11 | AO=A9,A11,A12 A0=A12
1Gb A0=A9 AO0=A9,A11 | AO=A9,A11,A12 A0=A13

Table 4

ROW-COLUMN ORGANIZATION BY DENSITY
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PRECHARGE

The PRECHARGE command is used to deacti-
vate the open row in a particular bank or the open
row in all banks. The bank(s) will be available for a
subsequent row access a specified time (tRP) after
the precharge command is issued. Input A10 deter-
mines whether one or all banks are to be pre-
charged, and in the case where only one bank is to
be precharged, inputs BAO, BA1 select the bank.
Otherwise BAO, BA1 are treated as "Don't Care.”
Once a bank has been precharged, it is in the idle
state and must be activated prior to any READ or
WRITE commands being issued to that bank. A
PRECHARGE command will be treated as a NOP if
there is no open row in that bank, or if the previously
open row is already in the process of precharging.

AUTO PRECHARGE

AUTO PRECHARGE is a feature which performs
the same individual-bank precharge function de-
scribed above, but without requiring an explicit com-
mand. This is accomplished by using A10 to enable
AUTO PRECHARGE in conjunction with a specific
READ or WRITE command. A precharge of the
bank/row that is addressed with the READ or
WRITE command is automatically performed upon
completion of the READ or WRITE burst. AUTO
PRECHARGE is nonpersistent in that it is either en-
abled or disabled for each individual Read or Write
command.

AUTO PRECHARGE ensures that the precharge
is initiated at the earliest valid stage within a burst.
The user must not issue another command to the
same bank until the precharge time (tRP) is com-
pleted. This is determined as if an explicit PRE-
CHARGE command was issued at the earliest pos-
sible time, as described for each burst type in the
Operation section of this data sheet.

REFRESH REQUIREMENTS

DDR SDRAMs require a refresh of all rows in any
rolling 64 ms interval. Each refresh is generated in
one of two ways: by an explicit AUTO REFRESH
command, or by an internally timed event in SELF
REFRESH mode. Dividing the number of device
rows into the rolling 64 ms interval defines the aver-
age refresh interval, tREFI, which is a guideline to
controllers for distributed refresh timing. For exam-
ple, a 256 Mb DDR SDRAM has 8192 rows resulting
in a tREFI of 7.8 us. To avoid excessive interrup-
tions to the memory controller, higher density DDR
SDRAMs maintain the 7.8 us average refresh time
and perform multiple internal refresh bursts. In
these cases, the refresh recovery times, tRFC and
tXSNR, are extended to accomodate these internal
operations.

AUTO REFRESH

AUTO REFRESH is used during normal operation
of the DDR SDRAM and is analogous to CAS—-BE-
FORE-RAS (CBR) refresh in previous DRAM
types. This command is nonpersistent, so it must be
issued each time a refresh is required.

The refresh addressing is generated by the inter-
nal refresh controller. This makes the address bits
"Don’'t Care” during an AUTO REFRESH com-
mand. The DDR SDRAM requires AUTO RE-
FRESH cycles at an average periodic interval of
tREFI (maximum).

To allow for improved efficiency in scheduling and
switching between tasks, some flexibility in the ab-
solute refresh interval is provided. A maximum of
eight AUTO REFRESH commands can be posted
to any given DDR SDRAM, and the maximum abso-
lute interval between any AUTO REFRESH com-
mand and the next AUTO REFRESH command is
8 * tREFI.

SELF REFRESH

The SELF REFRESH command can be used to
retain data in the DDR SDRAM, even if the rest of
the system is powered down. When in the self re-
fresh mode, the DDR SDRAM retains data without
external clocking. The SELF REFRESH command
is initiated like an AUTO REFRESH command ex-
cept CKE is disabled (LOW). The DLL is automati-
cally disabled upon entering SELF REFRESH, and
is automatically enabled upon exiting SELF RE-
FRESH. Any time the DLL is enabled a DLL Reset
must follow and 200 clock cycles should occur be-
fore a READ command can be issued. Input signals
except CKE are "Don’t Care” during SELF RE-
FRESH.

The procedure for exiting self refresh requires a
sequence of commands. First, CK must be stable
prior to CKE going back HIGH. Once CKE is HIGH,
the DDR SDRAM must have NOP commands is-
sued for tXSNRC because time is required for the
completion of any internal refresh in progress. A
simple algorithm for meeting both refresh and DLL
requirements is to apply NOPs for 200 clock cycles
before applying any other command.

The use of SELF REFRESH mode introduces the
possibility that an internally timed event can be
missed when CKE is raised for exit from self refresh
mode. Upon exit from SELF REFRESH an extra
auto refresh command is recommended.
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S S —
OPERATIONS « ——
BANK/ROW ACTIVATION e o

Before any READ or WRITE commands can be

issued to a bank within the DDR SDRAM, a row cs M

in that bank must be "opened.” This is accom-
plished via the ACTIVE command (Figure 8)

which selects both the bank and the row to be RAS M

activated. |
After opening a row (issuing an ACTIVE com-

mand), a READ or WRITE command may be is- -
sued to that row, subject to the tRCD specifica- We m

tion.

A subsequent ACTIVE command to a different AO-A13 ///@’/
row in the same bank can only be issued after the
previous active row has been "closed” (pre-
charged). The minimum time interval between

BAO,1 //I@,/
successive ACTIVE commands to the same bank
is defined by tRC. 7

% =DON'T CARE

RA = Row Address

A subsequent ACTIVE command to another bank
can be issued while the first bank is being ac-
cessed, which results in a reduction of total row— BA = Bank Address
access overhead. The minimum time interval be- Figure 8

tween successive ACTIVE commands to different

banks is defined by tRRD. ACTIVATING A SPECIFIC ROW IN A
SPECIFIC BANK

CK

CK

COMMAND

'RRD 'RcD

/)
/] DON'T CARE

Figure 9
tRCD and tRRD Definition

Release 2

XILINX EXHIBIT 1009
Page 133



JESD 79
Page 22

Reads

READ bursts are initiated with a READ command, as
shown in Figure 10.

The starting column and bank addresses are provided
with the READ command and AUTO PRECHARGE is
either enabled or disabled for that burst access. If
AUTO PRECHARGE is enabled, the row that is ac-
cessed will start precharge at the completion of the
burst. For the generic READ commands used in the
following illustrations, AUTO PRECHARGE is dis-
abled.

During READ bursts, the valid data—out element from
the starting column address will be available following
the CAS latency after the READ command. Each sub-
sequent data—out element will be valid nominally at the
next positive or negative clock edge (i.e., at the next
crossing of CK and CK). Figure 11 shows general tim-
ing for each required (CL=2 and CL=2.5) CAS latency
setting. DQS is driven by the DDR SDRAM along with
output data. The initial LOW state on DQS is known as
the read preamble; the LOW state coincident with the
last data—out element is known as the read postamble.

Upon completion of a burst, assuming no other com-
mands have been initiated, the DQs will go High—Z.

Data from any READ burst may be concatenated with
or truncated with data from a subsequent READ com-
mand. In either case, a continuous flow of data can be
maintained. The first data element from the new burst
follows either the last element of a completed burst or
the last desired data element of a longer burst which is
being truncated. The new READ command should be
issued X cycles after the first READ command, where
X equals the number of desired data element pairs
(pairs are required by the 2n prefetch architecture).
This is shown in Figure 12. A READ command can be
initiated on any clock cycle following a previous READ
command. Nonconsecutive READ data is shown for il-
lustration in Figure 13. Full-speed random read ac-
cesses within a page (or pages) can be performed as
shown in Figure 14.

K ————/——
ck —P————

CKE HIGH

s 7\ y
ras ) |
cas /|y
Ve 7] | L
no=An  LIIK P X

EN AP

A10
DIS AP

o1 700

= DON'T CARE

CA = Column Address
BA = Bank Address
EN AP = Enable Autoprecharge

DIS AP = Disable Autoprecharge
* See Address tables on PP 3 & 5

Figure 10
READ COMMAND
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Data from any READ burst may be truncated with
a BURST TERMINATE command, as shown in Fig-
ure 15. The BURST TERMINATE latency is equal to
the read (CAS) latency, i.e., the BURST TERMI-
NATE command should be issued X cycles after the
READ command, where X equals the number of de-
sired data element pairs.

Data from any READ burst must be completed or
truncated before a subsequent WRITE command
can be issued.

If truncation is necessary, the BURST TERMI-
NATE command must be used, as shown in Figure
16. The tDQSS MIN case is shown; the tDQSS
MAX case has a longer bus idle time (tDQSS MIN
and tDQSS MAX are defined in the section on
WRITES).

A READ burst may be followed by, or truncated
with, a PRECHARGE command to the same bank
(provided that AUTO PRECHARGE was not acti-
vated). The PRECHARGE command should be is-
sued X cycles after the READ command, where X
equals the number of desired data element pairs
(pairs are required by the 2n prefetch architecture).
This is shown in Figure 17 for READ latencies of 2
and 2.5. Following the PRECHARGE command, a
subsequent command to the same bank cannot be
issued until tRP is met. Note that part of the row pre-
charge time is hidden during the access of the last
data elements.

In the case of a READ being executed to comple-
tion, a PRECHARGE command issued at the opti-
mum time (as described above) provides the same
operation that would result from the same READ
burst with AUTO PRECHARGE enabled. The dis-
advantage of the PRECHARGE command is that it
requires that the command and address buses be
available at the appropriate time to issue the com-
mand. The advantage of the PRECHARGE com-
mand is that it can be used to truncate bursts.
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CK
CK

COMMAND

ADDRESS

DQS

DQ

CK
CK

COMMAND

ADDRESS

DQS

DQ <Dno >< >< >

¥/ DON'T CARE

DO n = Data Out from column n
Burst Length = 4
3 subsequent elements of Data Out appear in the programmed order following DO n

Figure 11
READ BURST — REQUIRED CAS LATENCIES
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CK
CK

COMMAND

ADDRESS

DQS

DQ

CK
CK

COMMAND

ADDRESS

DQS

bQ v A XK

VA DON'T CARE
DO n (or b) = Data Out from column n (or column b)
Burst Length = 4 or 8 (if 4, the bursts are concatenated; if 8, the second burst interrupts the first)
3 subsequent elements of Data Out appear in the programmed order following DO n
3 (or 7) subsequent elements of Data Out appear in the programmed order following DO b

Read commands shown must be to the same device

Figure 12
CONSECUTIVE READ BURSTS — REQUIRED CAS LATENCIES
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COMMAND

ADDRESS

DQS

o < K T

COMMAND

ADDRESS

DQS

b XX %

!’! DON'T CARE

DO n (or b) = Data Out from column n (or column b)
Burst Length = 4
3 subsequent elements of Data Out appear in the programmed order following DO n (and following DO b)

Figure 13
NONCONSECUTIVE READ BURSTS — REQUIRED CAS LATENCIES
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CK
CK

COMMAND

ADDRESS

DQS

DQ

CK
CK

COMMAND

ADDRESS

DQS

DQ

DO n, etc. = Data Out from column n, etc.

JESD 79
Page 27

&
9

&
n

X7
x

5
X

K5
2

K5
b

DON'T CARE

n’, etc. = the next Data Out following DO n, etc. according to the programmed burst order
Burst Length = 2, 4 or 8 in cases shown. If burst of 4 or 8, the burst is interrupted,

Reads are to active rows in any banks

Release 2

Figure 14
RANDOM READ ACCESSES — REQUIRED CAS LATENCIES
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CK

CK

COMMAND

ADDRESS

DQS

DQ

CK
CK

DQS

%0 Cv A XK )

//// DON'T CARE

DO n = Data Out from column n
Cases shown are bursts of 8 terminated after 4 data elements
3 subsequent elements of Data Out appear in the programmed order following DO n

Figure 15
TERMINATING A READ BURST — REQUIRED CAS LATENCIES
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[ —
SN N SN /_ /S
cK _><__/ _ _/ A \__/ _><_

l @< l | @ | @ @ @

COMMAND 2< READ BS|T >®< NO|P WRITE |
rooress X &' X7 ’///1'1'1’///1'1’///1
| tDQSS

L

b &Y >

oM/

COMMAND

ADDRESS

| - Eapub

bQ A )

DM 7

DON'T CARE

DO n (or b) = Data Out from column n (or column b)

Burst Length = 4 in the cases shown (applies for bursts of 8 as well; if burst length is 2, the BST command
shown can be NOP)

1 subsequent element of Data Out appears in the programmed order following DO n

Data In elements are applied following DI b in the programmed order

Figure 16
READ TO WRITE — REQUIRED CAS LATENCIES
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COMMAND

ADDRESS

DQS

DQ <Dno>< >< >

COMMAND

ADDRESS

CL=25

DQS

%0 P K XKD

a DON'T CARE

DO n = Data Out from column n
Cases shown are either uninterrupted bursts of 4, or interrupted bursts of 8
3 subsequent elements of Data Out appear in the programmed order following DO n

Precharge may be applied at (BL/2) tCK after the READ command.

Note that Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.
The Active command may be applied if tRC has been met.

Figure 17
READ TO PRECHARGE — REQUIRED CAS LATENCIES
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Writes

WRITE bursts are initiated with a WRITE com-
mand, as shown in Figure 18.

The starting column and bank addresses are pro-
vided with the WRITE command, and AUTO PRE-
CHARGE is either enabled or disabled for that ac-
cess. If AUTO PRECHARGE is enabled, the row
being accessed is precharged at the completion of
the burst. For the generic WRITE commands used
in the following illustrations, AUTO PRECHARGE is
disabled.

During WRITE bursts, the first valid data—in ele-
ment will be registered on the first rising edge of
DQS following the write command, and subsequent
data elements will be registered on successive
edges of DQS. The LOW state on DQS between the
WRITE command and the first rising edge is known
as the write preamble; the LOW state on DQS fol-
lowing the last data—in element is known as the write
postamble. The time between the WRITE com-
mand and the first corresponding rising edge of
DQS (tDQSS) is specified with a relatively wide
range (from 75% to 125% of 1 clock cycle). Figures
19 and 20 show the two extremes of tDQSS for a
burst of 4. Upon completion of a burst, assuming no
other commands have been initiated, the DQs will
remain High—Z and any additional input data will be
ignored.

Data for any WRITE burst may be concatenated
with or truncated with a subsequent WRITE com-
mand. In either case, a continuous flow of input data
can be maintained. The new WRITE command can
be issued on any positive edge of clock following the
previous WRITE command. The first data element
from the new burst is applied after either the last ele-
ment of a completed burst or the last desired data
element of a longer burst which is being truncated.
The new WRITE command should be issued X
cycles after the first WRITE command, where X
equals the number of desired data element pairs
(pairs are required by the 2n prefetch architecture).
Figure 22 shows concatenated bursts of 4. An ex-
ample of nonconsecutive WRITEs is shown in Fig-
ure 23. Full-speed random write accesses within a
page or pages can be performed as shown in Figure
24,

Data for any WRITE burst may be followed by a
subsequent READ command. To follow a WRITE
without truncating the write burst, tWTR should be
met as shown in Figure 25

Data for any WRITE burst may be truncated by a
subsequent READ command, as shown in Figures
26. and 27 Note that only the data—in pairs that are
registered prior to the tWTR period are written to the
internal array, and any subsequent data—in must be
masked with DM, as shown in Figures 26 and 27.

Release 2

JESD 79
Page 31

Data for any WRITE burst may be followed by a
subsequent PRECHARGE command. To follow a
WRITE without truncating the write burst, tWR
should be met as shown in Figure 28.

Data for any WRITE burst may be truncated by a
subsequent PRECHARGE command, as shown in
Figures 29 and 30.

Note that only the data—in pairs that are regis-
tered prior to the tWR period are written to the inter-
nal array, and any subsequent data—in should be
masked with DM, as shown in Figures 29 and 30.
Following the PRECHARGE command, a subse-
guent command to the same bank cannot be issued
until tRP is met.

oK ———

K — PN

CKE HIGH

ras
CAS ;;;>

*AO=An

A10

B0t X = X,
: DON'T CARE

CA = Column Address

BA = Bank Address

EN AP = Enable Autoprecharge
DIS AP = Disable Autoprecharge

See Column
Address Table

* See Address tables on PP 3 &5

Figure 18
WRITE COMMAND
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TO T1 T2 T3 T4 T5 T6 T7 o
CK
CK — — — cK
cK N —/ —/
COMMAND
COMMAND y WRITE NoP NOP NOP
Bank a ADDRESS
ADDRESS Col'b
tDQSS -_—
max ’ Z 7 _\__/_ : V4 7]
DQS /

o LA ' ,

o 7, D O¢ 0o

DM DM

a DON'T CARE DON'T CARE

DI b = Data in for column b

3 subsequent elements of Data IN are applied in the programmed order following Di b
A non-interrupted burst of 4 is shown

A10 is LOW with the WRITE command (AUTO PRECHARGE disabled)

DI b = Data In for column b

3 subsequent elements of Data In are applied in the programmed order following DI b
A non-interrupted burst of 4 is shown

A10 is LOW with the WRITE command (AUTO PRECHARGE disabled)

Figure 19 Figure 20
WRITE — MAX DQSS WRITE — MIN DQSS
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

Bank,
ADDRESS@

tDQéS(nom)
/77 R R /////// /A,
Q7 178778

DM‘

7

N
N
»

)
A
-
N

/777

DQ /, Dbl
DM ‘ 7
tDQSS(max) .
AN L Y/ /77
%7 3 /77
DM‘ g
DI b = Data In for column b Z Don't Care

Three elements of data are applied in the programmed order following DI
A noninterrupted burst of 4 is shown

A10 is low with the WRITE command (autoprecharge is disabled)
Example is for a x4 or x8 device where only one Data Mask and one
Data Strobe are used. For a X16, UDM and LDM would be required, as
well as UDQS and LDQS.

Figure 21
WRITE BURST — Nom., Min., and Max tDQSS
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

D O o o o O o

0O 0
A~ X

COMMAND b< WRITE >@< NOP >@< WRITE >@< NOP

Bank, Bank,
ADDRESS COD?M?CW ;

| \
tDQSS(max) ¥
/7 N S s
DQ 7/, Dbl E|

DM

Don’t Care

DI b, etc. = Data In for column b, etc.

Three subsequent elements of Data In are applied in the programmed order following DI b
Three subsequent elements of Data In are applied in the programmed order following DI n
Noninterrupted bursts of 4 are shown

Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are used.
For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 22
WRITE TO WRITE — Max tDQSS
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1

D o b I oy @ o

O 0
A~ X

COMMAND% WRITE >@< NOP >@< NOP >@< WRITE

7/ Don't Care

DI b, etc. = Data In for column b, etc.

Three subsequent elements of Data In are applied in the programmed order following DI b
Three subsequent elements of Data In are applied in the programmed order following DI n
Noninterrupted bursts of 4 are shown

Each WRITE command may be to any bank and may be to the same or different devices
Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are used.
For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 23
WRITE TO WRITE — Max tDQSS, NON CONSECUTIVE
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9

D &

O 0
A~ X

COMMAND >< WRITE

Bank,
ADDRESS @' b

tDQSS(max)
7 AR A Ve Ve
DQ 7 DI DI DI D] DI DI DI DI

DM

Don't Care

DI b, etc. = Data In for column b, etc.
b’, etc. = the next Data In following DI b, etc. according to the programmed burst order.
Programmed Burst Length = 2, 4, or 8 in cases shown.

If burst of 4 or 8, the burst would be truncated.
Each WRITE command may be to any bank and may be to the same or different devices.
Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are used.
For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 24
RANDOM WRITE CYCLES — Max tDQSS
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

S G - -

COMMAND D< WRITE >@< NOP ,// NOP >@< NOP ,// READ ,/I NOP <2><
' I

tWTR

ADDRESS 1 Gols Y1000 GITII0S 0 TIIIS D i LS00

tDQSS(max) = :‘ = g

DQS m ¥ K I WAL ASS SIS, N
DQ DI .

Don’t Care

DI b = Data In for column b

Three subsequent elements of Data In are applied in the programmed order following DI b

A non-interrupted burst of 4 is shown

tWTR is referenced from the first positive CK edge after the last Data In pair

tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1tCK)

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands are to the same device but not necessarily to the same
bank

Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are used.
For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 25
WRITE TO READ — Max tDQSS, NON-INTERRUPTING
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

COMMAND B< WR

k
ADDRESS ) &me

|
{DQSS(max) CL=25

DQS‘W IXIXIX&L
R i /Y

75w

'A Don't Care

DI b = Data In for column b

An interrupted burst of 8 is shown, 4 data elements are written

Three subsequent elements of Data In are applied in the programmed order following DI b
tWTR is referenced from the first positive CK edge after the last Data In pair

tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1tCK)

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

The READ and WRITE commands are to the same device but not necessarily to the same
bank

Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are used.
For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 26
WRITE TO READ — Max tDQSS, INTERRUPTING
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

D e o b @b O - &

COMMAND >< WRITE>@< NOP >@< NOP >@< NOP READ >@< NOP >@<:

tWTR
ADDRESS #_ ol Coln
‘tDQ‘SS(max)_. | - cL=25
7 RS RN RV RS Vanul/s
DQ 7/ o
DM

Don’t Care

DI b = Data In for column b

An interrupted burst of 8 is shown, 3 data elements are written

Two subsequent elements of Data In are applied in the programmed order following DI b
tWTR is referenced from the first positive CK edge after the last Data In pair (not the last
desired Data In element)

tWTR = 2tCK for optional CL = 1.5 (otherwise tWTR = 1tCK)

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

Example is for x4 or x8 devices where only one Data Mask and one Data Strobe are
used. For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

The READ and WRITE commands are to the same device but not necessarily to the
same bank.

Figure 27
WRITE TO READ — Max tDQSS, ODD NUMBER OF DATA,
INTERRUPTING
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

9]

U
)
L

COMMAND 7 WRITE

Ban
ADDRESS @

‘ |
tDQSS(max) L BP
s N VanV
DQ / DIb
" S A N L

Don't Care

DI b = Data In for column b

Three subsequent elements of Data In are applied in the programmed order following DI b
A non-interrupted burst of 4 is shown

tWR is referenced from the first positive CK edge after the last Data In pair

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are used.
For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 28
WRITE TO PRECHARGE — Max tDQSS, NON-INTERRUPTING

Release 2

XILINX EXHIBIT 1009

Page 152



JESD 79
Page 41

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

sy F S

DQ ‘/ DI
DM
*1 *1 *1 *1
DI b = Data In for column b Don’t Care

An interrupted burst of 4 or 8 is shown, 2 data elements are written

tWR is referenced from the first positive CK edge after the last desired Data In
pair

A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don't care at this point
Example is for a x4 or x8 device where only one Data Mask and one Data
Strobe are used. For a X16, UDM and LDM would be required, as well as
UDQS and LDQS.

Figure 29
WRITE TO PRECHARGE — Max tDQSS, INTERRUPTING
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TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Ti0 T11

COMMAND]) WRITE

ADDRESS‘KE&12

B tDQéS(max) .

*2 il
S, yapuva
DQ s DI
b
PM *1 *1 *1 *1
DI b = Data In for column b Don't Care

An interrupted burst of 4 or 8 is shown, 1 data element is written

tWR is referenced from the first positive CK edge after the last desired Data In pair
A10 is LOW with the WRITE command (AUTO PRECHARGE is disabled)

*1 = can be don't care for programmed burst length of 4

*2 = for programmed burst length of 4, DQS becomes don't care at this point
Example is for a x4 or x8 device where only one Data Mask and one Data Strobe are
used. For a X16, UDM and LDM would be required, as well as UDQS and LDQS.

Figure 30
WRITE TO PRECHARGE — Max tDQSS,
ODD NUMBER OF DATA, INTERRUPTING
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PRECHARGE

The PRECHARGE command is used to deacti-
vate the open row in a particular bank or the open
row in all banks. The bank(s) will be available for a
subsequent row access some specified time (tRP)
_ after the precharge command is issued. Input A10
K =77 determines whether one or all banks are to be pre-
CK —— = charged, and in the case where only one bank is to
be precharged, inputs BAO, BA1 select the bank.
When all banks are to be precharged, inputs BAO,

CKE HIGH BAL are treated as "Don’t Care.” Once a bank has

been precharged, it is in the idle state and must be

s M activated prior to any READ or WRITE commands
being issued to that bank.

POWER-DOWN

RAS M Power—down is entered when CKE is registered

| low (no accesses can be in progress and Table 2 cri-
teria must be met). If power—down occurs when all

CAS 222; 2222 banks are idle, this mode is referred to as precharge

power—down; if power—down occurs when there is a

o row active in any bank, this mode is referred to as

WE M active power—down. Entering power—down deacti-

| vates the input and output buffers, excluding CK,

CK and CKE. For maximum power savings, the

AO-A9, Al1-Al3 @@@ user has the option of disabling the DLL prior to en-
| tering power—down. In that case, the DLL must be

ALL BANKS enabled after exiting power—down, and 200 clock

A10 M cycles must occur before a READ command can be

ONE BANK issued. However, power—down duration is limited

| by the refresh requirements of the device, so in

BAO.1 ./ most applications, the self—refresh mode is pre-
/I/“ // ferred over the DLL—disabled power—down mode.

In power—down, CKE LOW and a stable clock sig-

Z — DON'T CARE nal must be maintained at the inputs of the DDR
SDRAM, and all other input signals are "Don’t
Care”.

BA = Bank Address (if A10 is The power—down state is synchronously exited

LOW, otherwise don't care’) when CKE is registered HIGH (along with a NOP or
DESELECT command). A valid executable com-
mand may be applied one clock cycle later.

Figure 31
PRECHARGE COMMAND
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TO T1 T2 T3 T4 Tn Tn+l Tn+2 Tn+3 Tn+4 Tn+5 Tn+6

_ ((
CK ———|—| == —]— | — | —| || =
——\ Vaumin /2 aun 7 - ™\ —
oK __>\__J \__J_\_()()_J_\__J __>\___/_\__J\_

t|S t|S
CKE \L (( J/

))

((

, P

commane /X o XX wor MX

No column access
in progress

L RDTID X )

Enter power—down

Exit power—down
mode

mode

(/| DON'T CARE

Figure 32
POWER-DOWN
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vdd Supply (For devices with nominal Vdd of 3.3 V)
Relative to Vss: =1V to +4.6 V

Voltage on Vdd Supply (For devices with nominal Vdd of 2.5 V)
Relative to Vss: =1V to +3.6 V

Voltage on VddQ Supply Relative to Vss: -1V to +3.6 V
Voltage on Inputs Relative to Vss: =1V to +3.6 V

Voltage on I/O Pins Relative to Vss: —-0.5 V to VddQ+0.5 V

TABLE 5: CAPACITANCE

JESD 79
Page 45

0°Cto+70°C
-55°Cto +150 °C

Operating Temperature, TA (ambient)
Storage Temperature (plastic)
Power Dissipation 1w
Short Circuit Output Current 50 mA
*Stresses greater than those listed under "Absolute Maximum
Ratings” may cause permanent damage to the device. This is a
stress rating only, and functional operation of the device at these or
any other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute max-
imum rating conditions for extended periods may affect reliability.

PARAMETER PACKAGE | SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance:CK, CK TSOP Cil 20 | 3.0 pF a,d
BGA 1.5 2.5 a,d
Delta Input Capacitance:CK, CK TSOP Cdil - 0.25 pF a,d
BGA - | 0.25 a,d
Input Capacitance: All other input—only pins TSOP Ci2 2 3 pF a,d
BGA 1.5 2.5 a,d
Delta Input Capacitance: All other input— TSOP Cdi2 - 0.5 pF a,d
only pins BGA - | 05 a,d
Input/Output Capacitance: DQ, DQS, DM TSOP Cio 40 | 5.0 pF ab,c,d
BGA 3.5 4.5 a,b,c.d
Delta Input/Output Capacitance: DQ, DQS, TSOP Cdio - 0.5 pF ab,c,d
DM BGA - | o5 ab,c,d

a) These values are guaranteed by design and are tested on a sample basis only.
b) Although DM is an input—only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This
is required to match signal propagation times of DQ, DQS, and DM in the system.

¢) Unused pins are tied to ground.

d).This parameter is sampled. VDDQ = +2.5V +0.2 V, VDD = +3.3V +0.3 V or +2.5V +0.2 V , f = 100 MHz, tA = 25 5C, Vout(dc) =
VDDQ/2, Vout(peak to peak) = 0.2 V. DM inputs are grouped with 1/O pins — reflecting the fact that they are matched in loading (to

facilitate trace matching at the board level).

e) The ratio of the pullup current to the pulldown current is specified for the same temperature and voltage, over the entire temperature
and voltage range, for device drain to source voltages from 0.25 V to 1.0 V. For a given output, it represents the maximum differ-
ence between pullup and pulldown drivers due to process variation. The full variation in the ratio of the maximum to minimum pullup
and pulldown current will not exceed 1.7 for device drain to source voltages from 0.1 to 1.0.

TABLE 6: ELECTRICAL CHARACTERISTICS AND DC OPERATING CONDITIONS

(Notes: 1-6, These characteristics are for DDR SDRAM only and obey SSTL_2 class Il standard.)
(0°C < TA<70°C; VDDQ = +2.5V 0.2V, Vdd = +3.3V 0.3V or +2.5V 0.2 V)

PARAMETER/CONDITION SYMBOL MIN MAX UNITS | NOTES
Supply Voltage (for devices with a nominal VDD of 3.3 V) VDD 3 3.6 \%
Supply Voltage (for devices with a nominal VDD of 2.5 V) VDD 23 27 \%
/O Supply Voltage VDDQ 23 27 \%
/O Reference Voltage VREF 0.49*vDDQ | 0.51*vDDQ \
I/O Termination Voltage (system) VTT VREF-0.04 | VREF+0.04 \%
Input High (Logic 1) Voltage VIH(DC) | VREF+0.15 | VDD+0.3 \%
Input Low (Logic 0) Voltage VIL(DC) -0.3 VREF-0.15 \%
Input Voltage Level, CK and CK inputs VIN(DC) -0.3 VDDQ+0.3 \%
Input Differential Voltage, CK and CK inputs VID(DC) 0.36 VDDQ+0.6 \%
V—I Matching: Pullup to Pulldown Current Ratio VI(Ratio) 0.71 14 -
INPUT LEAKAGE CURREN'E Any input OV = VIN < VDD L ) 5 WA
(All other pins not under test = 0 V)
OUTPUT LEAKAGE CURRENT
(DQs are disabled; OV = VOUT = VDDQ) 10Z -5 > uA
OUTPUT LEVELS Output High Current (VOUT = 1.95 V) IOH -16.2 mA
Output Low Current (VOUT = 0.35 V) IOL 16.2 mA
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TABLE 7: AC OPERATING CONDITIONS

(Notes: 1-6, These characteristics are for DDR SDRAM only and obey SSTL_2 class Il standard.)

(0°C<TA=<70°C; VDDQ =+25V 0.2V, Vdd = +3.3V 0.3V or +2.5V +0.2 V)

PARAMETER/CONDITION SYMBOL MIN MAX

UNITS

NOTES

Input High (Logic 1) Voltage, DQ, DQS
and DM signals

VIH(ac)

VREF + 0.31 \Y

Input Low (Logic 0) Voltage, DQ, DQS
and DM signals

VIL(ac)

VREF - 0.31 \Y

Input Differential Voltage, CK and CK in- 0.7

puts

VID(ac)

VDDQ + 0.6 Y

Input Crossing Point Voltage, CK and CK
inputs

VIX(ac) 0.5*VDDQ-0.2

0.5*VvDDQ+0.2 \Y

10

TABLE 8:

IDD SPECIFICATION PARAMETERS AND TEST CONDITIONS

This table is provided for the users of this Standard so that suppliers use a common format for parameter definitions of their

individual IDD specifications. Values will be specific to each supplier.

Conditions

Symbol

Typ Max

Operating current for one bank active-precharge; tgrc = trc(min); tck = 10 ns for DDR200, 7.5 ns for
DDR266, 6 ns for DDR333; DQ, DM and DQS inputs changing once per clock cycle; address and control
inputs changing once every two clock cycles; CS = high between valid commands.

IDDO

Operating current for one bank operation; one bank open, BL = 4, reads - Refer to the following page for
detailed test conditions: CS = high between valid commands.

IDD1

Precharge power-down standby current; all banks idle; power-down mode; CKE < V| (max); tck = 10 ns
for DDR200, 7.5 ns for DDR266A, DDR266B, 6 ns for DDR333; V) = Vger for DQ, DQS and DM

IDD2P

Precharge floating standby current; CS = Vy(min); all banks idle; CKE =V y(min); tck = 10 ns for
DDR200, 7.5 ns for DDR266, 6 ns for DDR333; address and other control inputs changing once per clock
cycle; Viy = Vgrer for DQ, DQS and DM

IDD2F

Precharge quiet standby current; CS = Vy(min); all banks idle; CKE = V y(min); tck = 10 ns for
DDR200, 7.5 ns for DDR266, 6 ns for DDR333; address and other control inputs stable at 2 V;y(min) or
=< V). (max); ViN = Vger for DQ, DQS and DM

IDD2Q

Active power-down standby current ; one bank active; power-down mode; CKE <V, (max); tck =10
ns for DDR200, 7.5 ns for DDR266, 6 ns for DDR333; V|y = Vrgr for DQ, DQS and DM

IDD3P

Active standby current; CS = V|y(min); CKE = V,4(min); one bank active; trc = trag(max); tck = 10 ns
for DDR200, 7.5 ns for DDR266, 6 ns for DDR333; DQ, DQS and DM inputs changing twice per clock
cycle; address and other control inputs changing once per clock cycle

IDD3N

Operating current for burst read; burst length = 2; reads; continuous burst; one bank active; address
and control inputs changing once per clock cycle; CL =2 at tck = 10 ns for DDR200, CL =2 at tckx = 7.5
ns for DDR266A, CL =2.5 at tck = 7.5 ns for DDR266B, 6 ns for DDR333; 50% of data changing on every
transfer; loyt =0 mA

IDD4R

Operating current for burst write; burst length = 2; writes; continuous burst; one bank active address
and control inputs changing once per clock cycle; CL =2 at tck = 10 ns for DDR200, CL =2 at tckx = 7.5
ns for DDR266A, CL = 2.5 at tck = 7.5 ns for DDR266B, 6 ns for DDR333; DQ, DM and DQS inputs chang-
ing twice per clock cycle, 50% of input data changing at every transfer

IDD4W

Auto refresh current; trc = trpc(min) which is 8 * tck for DDR200 at tck = 10 ns, 10 * tck for DDR266 at
tck =7.5ns; 12 * tck for DDR333 at tek = 6ns;

IDD5

Self refresh current; CKE =< 0.2 V; external clock on; tck = 10 ns for DDR200, tck = 7.5 ns for DDR266, 6
ns for DDR333

IDD6

Operating current for four bank operation; four bank interleaving with BL = 4 - Refer to the following
page for detailed test condition

IDD7

Typical case : Vpp =25V, T=25 °C

Worst case : Vpp =27V, T=10 °C
Self refresh: normal/low power respectively
Measured values for all items will be averaged from repeated cycles with the above description
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Detailed test conditions for DDR SDRAM IDD1 and IDD7

Typical Case: Vpp =2.5V, T =25° C, Worst Case: Vpp=2.7V, T=10°C
Legend: A = Active, R = Read, RA = Read with Autoprecharge, P = Precharge, N = DESELECT

IDD1 : Operating current: One bank operation

Only one bank is accessed with trc(min), Burst Mode, Address and Control inputs change logic state
once per Deselect cycle. loyt =0 mA
Timing patterns
- DDR200 (100 MHz, CL = 2): tck =10 ns, BL =4, trcp = 2 * tck, tre = 7 * teks tras =5 * tek
Setup: AO N RO N N PO N
Read: AO N RO N N PO N -repeat the same timing with random address changing
50% of data changing at every transfer

- DDR266B (133 MHz, CL = 2.5): tck = 7.5 ns, BL = 4, trcp = 3 * tck, trc = 9 * tek, tras = 6 * tek
- DDR266A (133 MHz, CL = 2): tck = 7.5 ns, BL = 4, trcp = 3 * tck, trec = 9 * tek, tras = 6 * tek
Setup: AO N N RONN PONN
Read: AO N N RO N N PO N N - repeat the same timing with random address changing
50% of data changing at every transfer

- DDR333B (167 MHz, CL = 2.5): tck =6 ns, BL =4, trcp = 3 * tck, tre = 10 * tck, tRras = 7 * tek
Setup: AO N N RONNN PO NN
Read: AO N N RO N N N PO N N -repeat the same timing with random address changing
50% of data changing at every transfer

IDD7 : Operating current: Four bank operation

Four banks are being interleaved with trc(min), Burst Mode, Address and Control inputs on Deselect
edge are not changing. oyt = 0 mA

Timing patterns
- DDR200 (100 MHz, CL = 2): tck =10 ns, BL = 4, trrp = 2 * tck, trep = 3 * tek, tras = 5 * tok
Setup: AO N Al RAO A2 RA1l A3 RA2
Read: AO RA3 A1 RAO A2 RA1l A3 RA2 - repeat the same timing with random address changing
50% of data changing at every transfer

- DDR266B (133 MHz, CL = 2.5): tck = 7.5 ns, BL = 4, trrp = 2 * tck, trep = 3 * tek, tras = 6 * tok

- DDR266A (133 MHz, CL = 2): tck = 7.5 ns, BL = 4, trrp = 2 * tck, trep = 3 * tek, tras = 6 * tek
Setup: AO N A1 RAO A2 RA1 A3 RA2 N RA3
Read: AO N A1 RAO A2 RA1 A3 RA2 N RA3 - repeat the same timing with random address
changing 50% of data changing at every transfer

- DDR333B (167 MHz, CL = 2.5): tck = 6 ns, BL = 4, trrp = 2 * tck, trep = 3 * tek, tras = 7 * ek
Setup: AO N A1 RAO A2 RA1 A3 RA2 N RA3
Read: AO N A1 RA0O A2 RA1 A3 RA2 N RA3 - repeat the same timing with random address
changing 50% of data changing at every transfer

|< treD

COMMAND X ACT REAP AcT Y READ ACT X READ X ACT X READ >< ACT X
Bank 0 Bank 3/ Bank 1 Bank 0/ Bank 2 \/ Bank 1 Bank 3 Bank 2 Bank 0
ADDRESS >< Row d X Col c X Row e Cold Row f Col e X Row g Col f Row h

|<_CL:2

s /N /NSNS NSNS NSNS NS S
pq  Xp0:004{p0t 00 0 00 0 &0 600 D0 D0 (D0 (00 {00 D0 {00 D0 D0 D0 & O Y D0 i DO

FIGURE 33: Timing waveform for IDD7 measurement at 100 MHz Ck operation

... pattern repeats . . .
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TABLE 9: ELECTRICAL CHARACTERISTICS AND AC TIMING
All specification parameters are guaranteed by the supplier, but it is not implied that this table represents a test specification.
Absolute Specifications (Notes: 1-6, 13, 14) (0°C < TA = 70 °C; VDDQ = +2.5 VV 0.2V, VDD = +3.3 VV 0.3 V 0r +2.5 V/ 0.2 V)

AC CHARACTERISTICS DDR333 DDR266 DDR200
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNITS | NOTES
DQ output access time from CK/CK tAC -0.70 +0.70 -0.75 +0.75 -0.8 +0.8 ns
DQS output access time from CK/CK tDQSCK —-0.60 +0.60 -0.75 +0.75 -0.8 +0.8 ns
CK high—level width tCH 0.45 0.55 0.45 0.55 0.45 0.55 tCK
CK low-level width tCL 0.45 0.55 0.45 0.55 0.45 0.55 tCK
CK half period tHP min min min ns 24,25
(tCL, tCH) (tCL, tCH) (tCL, tCH)
Clock cycle time CL=25 tCK 6 12 7.5 12 10 12 ns 30
CL=2 tCK 75 12 7.5 12 10 12 ns 30
DQ and DM input hold time tDH 0.45 0.5 0.6 ns ik
DQ and DM input setup time tDS 0.45 0.5 0.6 ns ik
Control & Address input pulse width (for each input) tIPW 2.2 2.2 25 ns 22
DQ and DM input pulse width (for each input) tDIPW 1.75 1.75 2 ns 22
DQ & DQS high—impedance time from CK/CK tHZ +0.70 +0.75 +0.8 ns 15
DQ & DQS low—impedance time from CK/CK tLz -0.70 +0.70 -0.75 +0.75 -0.8 +0.8 ns 15
DQS-DQ Skew (for DQS and TSOP Package | tDQSQ +0.45 +0.5 +0.6 ns 26
associated DQ signals) BGA Package | tDQSQ +0.4 +0.5 +0.6 ns 26
DQ/DQS output hold time from DQS tQH tHP-tQHS tHP-tQHS tHP-tQHS ns. 25
Data Hold Skew Factor (for DQS TSOP Package | tQHS +0.55 +0.75 +1.0 ns 25
and associated DQ Signals) BGA Package | tQHS +0.5 +0.75 +1.0 ns 25
Write command to first DQS latching transition tDQSS 0.75 1.25 0.75 1.25 0.75 1.25 tCK
DQS input high pulse width tDQSH 0.35 0.35 0.35 tCK
DQS input low pulse width tDQSL 0.35 0.35 0.35 tCK
DQS falling edge to CK setup time tDSS 0.2 0.2 0.2 tCK
DQS falling edge hold time from CK tDSH 0.2 0.2 0.2 tCK
MODE REGISTER SET command cycle time tMRD 2 2 2 tCK
Write preamble setup time tWPRES 0 0 0 ns 17
Write postamble tWPST 0.40 0.60 0.4 0.6 0.40 0.60 tCK 16
Write preamble tWPRE 0.25 0.25 0.25 tCK
Address and Control input hold time (fast slew rate) tiH 0.75 0.9 11 ns i, 19,21-23
Address and Control input setup time (fast slew rate) tIS 0.75 0.9 11 ns i,19,21-23
Address and Control input hold time (slow slew rate) tiH 0.80 1.0 11 ns i, 20-23
Address and Control input setup time (slow slew rate) tIS 0.80 1.0 11 ns i, 20-23
Read preamble CL=2.5 tRPRE 0.9 11 0.9 1.1 0.9 1.1 tCK 28
CL=20 0.9 1.1 0.9 1.1 0;9 1.1 tCK 28
CL=15 N/A N/A N/A N/A - 1.1 tCK 28
Read preamble setup time (Optional CL=1.5) tRPRES N/A N/A 15 ns 28
Read postamble tRPST 0.4 0.6 0.4 0.6 0.4 0.6 tCK
ACTIVE to PRECHARGE command tRAS 42 70,000 45 120,000 50 120,000 ns
ACTIVE to ACTIVE/Auto Refresh command period tRC 60 65 70 ns
Auto Refresh to Active/Auto 64Mb, 512Mb tRFC 72 75 80 ns
Refresh command period 1Gb 120 120 120 ns
ACTIVE to READ or WRITE delay tRCD 18 20 20 ns
PRECHARGE command period tRP 18 20 20 ns
Active to Autoprecharge Delay tRAP :gggm% ttI?F;/(-\:SDm% ttFF;/(-\:SDm?rr] ns
ACTIVE bank A to ACTIVE bank B command tRRD 12 15 15 ns
Write recovery time tWR 15 15 15 ns
Auto Precharge write recovery + precharge time tDAL — — — tCK 27
Internal Write to Read Command Delay CL=2.5 tWTR 1 1 1 tCK
CL=2.0 1 1 1 tCK
CL=15 N/A N/A 2 tCK
Exit self refresh to non-READ 64Mb to 512 Mb | tXSNR 75 75 80 ns 29
command 1Gb 126 127.5 130
Exit self refresh to READ command tXSRD 200 200 200 tCK
Average Periodic Refresh Interval 64Mb, 128Mb | tREFI 15.6 15.6 15.6 us 18
256Mb. 1Gb 7.8 7.8 7.8 us 18
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TABLE 10: AC TIMING VARIATIONS FOR DDR333, DDR266, & DDR200

This table defines several parameters that differ from those given in Table 9 to establish A & B variants of
the primary speed sort specifications for DDR200, DDR266, & DDR333.

DDR333B DDR266A DDR266B DDR200 DDR200B Units
Parameter min max min max min max min max min max ns
tAC -0.7 0.7 -0.75 0.75 -0.75 0.75 -0.8 0.8 -0.8 0.8 ns
tDQSCK -0.7 0.7 -0.75 0.75 -0.75 0.75 -0.8 0.8 -0.8 0.8 ns
tCKCL=25 6 12 7.5 12 7.5 12 10 12 10 12 ns
tCKCL=2.0 7.5 12 7.5 12 10 12 10 12 10 12 ns
tRRD 12 15 15 15 20 ns
tWR 15 15 15 15 20 ns

as the signal does not ring back above (below) the

Component Notes !
dc input LOW (HIGH) level.

1. All voltages referenced to Vss.

of up to 1.5 V in the test environment, but input tim-
ing is still referenced to VREF (or to the crossing
point for CK/CK), and parameter specifications are
guaranteed for the specified ac input levels under
normal use conditions. The minimum slew rate for
the input signals is 1 V/ns in the range between
VIL(ac) and VIH(ac).

. The ac and dc input level specifications are as de-
fined in the SSTL_2 Standard (i.e., the receiver will
effectively switch as a result of the signal crossing
the ac input level and will remain in that state as long

Release 2

2. Tests for ac timing, IDD, and electrical, ac and dc 6. Inputs are not recognized as valid until VREF stabi-
characteristics, may be conducted at nominal refer- lizes. Exception: during the period before VREF sta-
ence/supply voltage levels, but the related specifi- bilizes, CKE =< 0.2VDDQ is recognized as LOW.
cations and device operation are guaranteed for the 7. VREF is expected to be equal to 0.5*VDDQ of the
full voltage range specified. transmitting device, and to track varlat_lons in the dc

. Figure 34 represents the timing reference load level of the same. Peak—to—peak noise on VREF
used in defining the relevant timing parameters of may not exceed +/-2% of the dc value. _
the part. Itis not intended to be either a precise rep- 8. VTT is not applied directly to the device. VTT is a
resentation of the typical system environment nor a system supply for signal termination resistors, is ex-
depiction of the actual load presented by a produc- pected to be set equal to VREF and must track vari-
tion tester. System designers will use IBIS or other ations in the dc level of VREF.
simulation tools to correlate the timing reference 9 VID is the magnitude of the difference between the
load to a system environment. Manufacturers will input level on CK and the input level on CK.
correlate to their production test conditions (gener- 10. The value of VIX is expected to equal 0.5*VDDQ of
ally a coaxial transmission line terminated at the tes- the transmitting device and must track variations in
ter electronics). the dc level of Fhe same.

11. Enables on—chip refresh and address counters.
VT 12.1DD specifications are tested after the device is
properly initialized.
50 ohms 13.The CK/CK input reference level (for timing refer-
enced to CK/CK) is the point at which CK and CK
8/%&%“ | cross; the input reference level for signals other
than CK/CK, is VREF.
—_— 30pF 14. The output timing reference voltage level is VTT.
15.tHZ and tLZ transitions occur in the same access
g time windows as valid data transitions. These pa-
) o rameters are not referenced to a specific voltage
Figure 34: Timing Reference Load level but specify when the device output is no longer
. AC timing and IDD tests may use a VIL to VIH swing driving (HZ)' or b_egms d_rlvmg (L2). . .
16. The maximum limit for this parameter is not a device

limit. The device will operate with a greater value for
this parameter, but system performance (bus turn-
around) will degrade accordingly.
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18.

19.
20.

21.
22.

23.

24.

25

26.

27.

28

29

30
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.The specific requirement is that DQS be valid
(HIGH, LOW, or at some point on a valid transition)
on or before this CK edge. A valid transition is de-
fined as monotonic and meeting the input slew rate
specifications of the device. When no writes were
previously in progress on the bus, DQS will be tran-
sitioning from High—Z to logic LOW. If a previous
write was in progress, DQS could be HIGH, LOW, or
transitioning from HIGH to LOW at this time, de-
pending on tDQSS.

A maximum of eight AUTO REFRESH commands
can be posted to any given DDR SDRAM device.

For command/address input slew rate =1.0 V/ns

For command/address input slew rate =0.5 V/ns
and <1.0 V/ns

For CK & CK slew rate =1.0 V/ns

These parameters guarantee device timing, but
they are not necessarily tested on each device.
They may be guaranteed by device design or tester
correlation.

Slew Rate is measured between VOH(ac) and
VOL(ac).

Min (tCL, tCH) refers to the smaller of the actual
clock low time and the actual clock high time as pro-
vided to the device (i.e. this value can be greater
than the minimum specification limits for tCL and
tCH)....For example, tCL and tCH are = 50% of the
period, less the half period jitter (tJIT(HP)) of the
clock source, and less the half period jitter due to

crosstalk (tJIT(crosstalk)) into the clock traces.
.tQH = tHP — tQHS, where:
tHP = minimum half clock period for any given cycle
and is defined by clock high or clock low (tCH, tCL).
tQHS accounts for 1) The pulse duration distortion
of on—chip clock circuits; and 2) The worst case
push—out of DQS on one transition followed by the
worst case pull-in of DQ on the next transition, both
of which are, separately, due to data pin skew and
output pattern effects, and p—channel to n—channel
variation of the output drivers.
tDQSQ
Consists of data pin skew and output pattern ef-
fects, and p—channel to n—channel variation of the
output drivers for any given cycle.
tDAL = (tWR/tCK) + (tRP/tCK)
For each of the terms above, if not already an inte-
ger, round to the next highest integer.
Example: For DDR266B at CL=2.5 and tCK=7.5 ns
tDAL = ((15 ns/ 7.5 ns) + (20 ns / 7.5 ns)) clocks
=((2) + (3)) clocks
=5 clocks
Optional CAS Latency, 1.5, is only defined for
DDR200 speed grade
In all circumstances, tXSNR can be satisfied using
tXSNR = tRFCmin + 1*CK
The only time that the clock frequency is allowed to
change is during self-refresh mode.
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SYSTEM CHARACTERISTICS for DDR SDRAMS
The following specification parameters are required in systems using DDR333, DDR266 & DDR200 de-

vices to ensure proper system performance. These characteristics are for system simulation purposes
and are guaranteed by design.

Table 11: Input Slew Rate for DQ, DQS, and DM

JESD 79
Page 51

AC CHARACTERISTICS DDR333 DDR266 DDR200
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNITS | NOTES
DQ/DM/DQS input slew rate measured between DCSLEW TBD TBD TBD TBD 0.5 4.0 VIns a, m
VIH(DC), VIL(DC) and VIL(DC), VIH(DC)
Table 12: Input Setup & Hold Time Derating for Slew Rate
Input Slew Rate AtIS AtIH UNITS NOTES
0.5VIns 0 0 ps i
0.4 VIns +50 0 ps i
0.3 VIns +100 0 ps i
Table 13: Input/Output Setup & Hold Time Derating for Slew Rate
I/O Input Slew Rate AtDS AtDH UNITS NOTES
0.5 V/ns 0 0 ps k
0.4 VIns +75 +75 ps k
0.3 VIns +150 +150 ps k
Table 14: Input/Output Setup & Hold Derating for Rise/Fall Delta Slew Rate
Delta Slew Rate AtDS AtDH UNITS NOTES
+0.0 nsiV 0 0 ps j
+0.25 ns/V +50 +50 ps i
+0.5 ns/V +100 +100 ps j
Table 15: Output Slew Rate Characteristics (X4, X8 Devices only)
Slew Rate Characteristic Typical Range Minimum Maximum NOTES
(V/ns) (V/ns) (V/ns)
Pullup Slew Rate 12-25 1.0 4.5 a,c,df,g,h
Pulldown Slew Rate 12-25 1.0 4.5 b,c,d,f,g,h
Table 16: Output Slew Rate Characteristics (X16 Devices only)
Slew Rate Characteristic Typical Range Minimum Maximum NOTES
(VIns) (VIns) (VIns)
Pullup Slew Rate 12-25 0.7 5.0 a,c,df,g,h
Pulldown Slew Rate 12-25 0.7 5.0 b,c,d,f,g,h
Table 17: Output Slew Rate Matching Ratio Characteristics
Slew Rate Characteristic DDR266A DDR266B DDR200
PARAMETER MIN MAX MIN MAX MIN MAX NOTES
Output Slew Rate Matching Ratio (Pullup to Pulldown) - - - - 0.71 1.4 e,m
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Table 18: AC Overshoot/Undershoot Specification for Address and Control Pins
This specification is intended for devices with no clamp protection and is guaranteed by design

Parameter Specification
DDR333 | DDR200/266

Maximum peak amplitude allowed for overshoot (See Figure 35): TBD 1.5V
Maximum peak amplitude allowed for undershoot (See Figure 35): 8D 15V
The area between the overshoot signal and VDD must be less than or equal TBD 4.5V-ns

to (See Figure 35):

The area between the undershoot signal and GND must be less than or TBD 4.5 \V-ns
equal to (See Figure 35):
+5 .
Max. litude = 1.5V
4 o e _Overshoot
+3 / \é
+2 7 Vbp
Volts f /
v) *1
V) /
0 Ground
-1 \/}
g V. arbd = 2.51vns ~ Undershoot

0 1 2 3 4 5 6

Time (ns)
Figure 35: Address and Control AC Overshoot and Undershoot Definition

TABLE 19: Overshoot/Undershoot Specification for Data, Strobe, and Mask Pins
Specification

Parameter DDR333 | DDR200/266
Maximum peak amplitude allowed for overshoot (See Figure 36): 8D 12V
Maximum peak amplitude allowed for undershoot (See Figure 36): TBD 12V
The area between the overshoot signal and VDD must be less than or equal TBD 2 4V-ns

to (See Figure 36):

The area between the undershoot signal and GND must be less than or TBD 2 4V—ns
equal to (See Figure 36): ‘

+5 Max. arwlitude =12V /Overshoot
+4
\Volts :i f] / DD
V

V) 0 7/L/ Ground
-1 /
-2 Max.|area = 2.4 V—ns Undershoot
-3

0 1 2 3 4 5 6
Time (ns)
Figure 36: DQ/DM/DQS AC Overshoot and Undershoot Definition
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TABLE 20. Clamp V-I Characteristics for Address, Control and Data Pins

Voltage Minimum Minimum
across Power Clamp | Ground Clamp
clamp (V) Current (mA) Current (mA)
0.0 0 0

0.1 0 0

0.2 0 0

0.3 0 0

0.4 0 0

0.5 0 0

0.6 0 0

0.7 0 0.1

0.8 0.1 0.6

0.9 1.0 1.8

1.0 2.5 3.4

11 4.7 5.6

1.2 6.8 7.6

1.3 9.1 10.0

1.4 11.0 13.0

15 135 154

1.6 16.0 18.0

1.7 18.2 21.6

1.8 21.0 25.0

1.9 23.3 28.0

2.0 26.0 31.0

2.1 28.2 34.4

2.2 31.0 38.0

2.3 33.0 42.0

2.4 35.0 46.0

2.5 37.0 50.0

Power & Ground Clamp V-I Characteristics
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System Notes: Output - Test point
a. Pullup slew rate is characteristized under the

test conditions as shown in Figure 37.
50 Q

VSSQ
Figure 37: Pullup slew rate test load

b. Pulldown slew rate is measured under the VDDQ
test conditions shown in Figure 38.

50 Q

Output = Test point
Figure 38: Pulldown slew rate test load

c. Pullup slew rate is measured between (VDDQ/2 — 320 mV + 250 mV)

Pulldown slew rate is measured between (VDDQ/2 + 320 mV =+ 250 mV)
Pullup and Pulldown slew rate conditions are to be met for any pattern of data, including all outputs
switching and only one output switching.

Example: For typical slew rate, DQO is switching
For minimum slew rate, all DQ bits are switching worst case pattern
For maximum slew rate, only one DQ is switching from either high to low, or low to high.
The remaining DQ bits remain the same as for previous state.

d. Evaluation conditions
Typical: 25 OC (T Ambient), VDDQ = 2.5V, typical process
Minimum: 70 ©C (T Ambient), VDDQ = 2.3V, slow—slow process
Maximum: 0 9C (T Ambient), VDDQ = 2.7 V, fast—fast process

e. The ratio of pullup slew rate to pulldown slew rate is specified for the same temperature and voltage,
over the entire temperature and voltage range. For a given output, it represents the maximum differ-
ence between pullup and pulldown drivers due to process variation.

f.  Verified under typical conditions for qualification purposes.

g. TSOPII package devices only.
h. Only intended for operation up to 266 Mbps per pin.

i. A derating factor will be used to increase tIS and tIH in the case where the input slew rate is below 0.5
V/ns as shown in Table 12. The Input slew rate is based on the lesser of the slew rates determined by
either VIH(AC) to VIL(AC) or VIH(DC) to VIL(DC), similarly for rising transitions.

j- A derating factor will be used to increase tDS and tDH in the case where DQ, DM, and DQS slew
rates differ, as shown in Tables 13 & 14. Input slew rate is based on the larger of AC-AC delta rise,
fall rate and DC-DC delta rise, fall rate. Input slew rate is based on the lesser of the slew rates deter-
mined by either VIH(AC) to VIL(AC) or VIH(DC) to VIL(DC), similarly for rising transitions.

The delta rise/fall rate is calculated as:

{1/(Slew Ratel)}—{1/(slew Rate2)}
For example: If Slew Rate 1 is 0.5 V/ns and Slew Rate 2 is 0.4 V/ns, then the delta rise,fall rate is
—0.5 ns/V. Using the table given, this would result in the need for an increase in tDS and tDH of 100

ps.
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k. Table 13 is used to increase tDS and tDH in the case where the I/O slew rate is below 0.5 V/ns. The
I/O slew rate is based on the lesser of the AC—AC slew rate and the DC-DC slew rate. The input slew
rate is based on the lesser of the slew rates determined by either VIH(ac) to VIL(AC) or VIH(DC) to
VIL(DC), and similarly for rising transitions.

m. DQS, DM, and DQ input slew rate is specified to prevent double clocking of data and preserve setup
and hold times. Signal transitions through the DC region must be monotonic.
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Pullup Current (mA)

—200

-250

Pulldown Current (mA)

FIGURE 39: FULL STRENGTH OUTPUT DRIVER CHARACTERISTIC

-100

-150

«=g@==Nominal Low === Nominal High === Minimum e=@==Maximum

VDDQ to VOUT (V)

Figure 39a: Pullup characteristics for Full Strength Output Driver

16

«=¢==Nominal Low ==l==Nominal High === Minimum =&=Maximum

14

12
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80

60

40

20

0
0 0.5 1 15 2 25 3

VOUT to VSSQ (V)

Figure 39b: Pulldown characteristics for Full Strength Output Driver

CURVES
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TABLE 21: Full Strength Driver Characteristics
Voltage (V) Pull-Down Current (mA) Pull-Up Current (mA)
Nominal Nominal Minimum Maximum Nominal Nominal Minimum Maximum
Low High Low High
0.1 6.0 6.8 4.6 9.6 -6.1 —7.6 -4.6 -10.0
0.2 12.2 135 9.2 18.2 -12.2 -14.5 -9.2 -20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 24.1 26.6 18.4 33.9 -24.0 =27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 -29.8 -34.1 -23.0 -46.8
0.6 34.6 39.1 27.7 49.4 -34.3 -40.5 =27.7 -54.4
0.7 39.4 44.2 32.2 56.8 -38.1 -46.9 -32.2 -61.8
0.8 43.7 49.8 36.8 63.2 -41.1 -53.1 -36.0 —-69.5
0.9 47.5 55.2 39.6 69.9 -43.8 -59.4 -38.2 —77.3
1.0 51.3 60.3 42.6 76.3 -46.0 -65.5 -38.7 -85.2
11 54.1 65.2 44.8 82.5 -47.8 -71.6 -39.0 -93.0
1.2 56.2 69.9 46.2 88.3 -49.2 —77.6 -39.2 -100.6
1.3 57.9 74.2 47.1 93.8 -50.0 -83.6 -39.4 -108.1
1.4 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
15 60.1 82.3 47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 -40.1 -130.4
1.7 61.0 89.1 48.4 112.1 -51.1 -107.1 -40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 -40.3 -144.2
1.9 62.0 95.3 49.1 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
2.4 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
2.5 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 155.3 -41.1 -192.9
2.7 65.0 105.4 50.5 140.8 -52.8 160.1 -41.2 -198.2
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Figure 40a: Pullup Characteristics for Weak Output Driver
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Figure 40b: Pulldown Characteristics for Weak Output Driver

FIGURE 40: WEAK OUTPUT DRIVER CHARACTERISTIC CURVES
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TABLE 22: Weak Driver Characteristics
Pull-Down Current (mA) Pull-Up Current (mA)
Voltage ) - - - - . -
) Nominal Low | Nominal High Min Max Nominal Nommal Min Max
Low High

0.1 3.4 3.8 2.6 5 -3.5 -4.3 -2.6 -5

0.2 6.9 7.6 5.2 9.9 -6.9 -8.2 -5.2 -9.9
0.3 10.3 11.4 7.8 14.6 -10.3 =12 -7.8 -14.6
0.4 13.6 151 10.4 19.2 -13.6 -15.7 -10.4 -19.2
0.5 16.9 18.7 13 23.6 -16.9 -19.3 -13 -23.6
0.6 19.6 22.1 15.7 28 -19.4 -22.9 -15.7 -28

0.7 22.3 25 18.2 32.2 -21.5 -26.5 -18.2 -32.2
0.8 24.7 28.2 20.8 35.8 -23.3 -30.1 -20.4 -35.8
0.9 26.9 31.3 22.4 39.5 -24.8 -33.6 -21.6 -39.5
1 29 34.1 24.1 43.2 —26 -37.1 -21.9 -43.2
11 30.6 36.9 25.4 46.7 -27.1 -40.3 -22.1 -46.7
1.2 31.8 39.5 26.2 50 -27.8 -43.1 -22.2 -50.0
1.3 32.8 42 26.6 53.1 -28.3 -45.8 -22.3 -53.1
1.4 33.5 44.4 26.8 56.1 —28.6 -48.4 -22.4 -56.1
15 34 46.6 27 58.7 -28.7 -50.7 -22.6 -58.7
1.6 34.3 48.6 27.2 61.4 -28.9 -52.9 -22.7 -61.4
1.7 34.5 50.5 27.4 63.5 -28.9 -55 -22.7 -63.5
1.8 34.8 52.2 27.7 65.6 -29 -56.8 -22.8 —65.6
1.9 35.1 53.9 27.8 67.7 -29.2 -58.7 -22.9 —-67.7
2 35.4 55 28 69.8 -29.2 -60 -22.9 -69.8
2.1 35.6 56.1 28.1 71.6 -29.3 -61.2 -23 -71.6
2.2 35.8 57.1 28.2 73.3 -29.5 -62.4 -23 -73.3
2.3 36.1 57.7 28.3 74.9 -29.5 -63.1 -23.1 —74.9
2.4 36.3 58.2 28.3 76.4 —29.6 -63.8 -23.2 —76.4
2.5 36.5 58.7 28.4 7.7 -29.7 -64.4 -23.2 —77.7
2.6 36.7 59.2 28.5 78.8 -29.8 —-65.1 -23.3 —78.8
2.7 36.8 59.6 28.6 79.7 -29.9 -65.8 -23.3 —79.7
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DDR SDRAM Output Driver V-I Characteristics

DDR SDRAM output driver characteristics are defined for full and half strength operation as selected by
the EMRS bit A1. Figures 39 and 40 show the driver characteristics graphically, and tables 21 and 22
show the same data in tabular format suitable for input into simulation tools. The driver characteristics
evaluation conditions are:

Typical 25 OC (T ambient), VDDQ =2.5V, typical process

Minimum 70 OC (T ambient), VDDQ =2.3V, slow-slow process

Maximum 0 OC (T ambient), VDDQ =2.7V, fast—fast process

Output Driver Characteristic Curves Notes:

1) The full variation in driver current from minimum to maximum process, temperature, and voltage will
lie within the outer bounding lines of the V—I curve of Figures 39 and 40.

2) Itis recommended that the "typical” IBIS V—I curve lie within the inner bounding lines of the V—I curves
of Figures 39 and 40.

3) The full variation in the ratio of the “typical” IBIS pullup to “typical” IBIS pulldown current should be
unity + 10%, for device drain to source voltages from 0.1 to 1.0. This specification is a design objec-
tive only. It is not guaranteed.
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tDQSH tDQSL

oSN/ A U W/

00 YILLITLTTIRNN XK Y K/ go0722+.

tDH —| |=—

iDS—| |-

DON'T
CARE
DI n = Data In for column n
Burst Length = 4 in the case shown
3 subsequent elements of Data In are applied in the programmed
order following DI n

Figure 41 — DATA INPUT (WRITE) TIMING

DQS

N U
pQ W D——

tDQSQ— tDQSQ—
max max

. - PR
Burst of 4 is shown. tQH tQH

Figure 42 — DATA OUTPUT (READ) TIMING

Release 2

XILINX EXHIBIT 1009
Page 173



JESD 79
Page 62

VDD U
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(system*)
VREF 7777 r oK
ICH | tCL
N7777/7:%780 65 65 65 65 6B b 6B S 69 &5 6B 1S & & -
oK /40 G G G G S I G B & | X XX
D1 uslum ) ) ) ) )
usfu | | | | | | |
CKE __ LVCMOS LOW LEVEL ( (1 _/L/ Q/Z; Q/(Z/ Ez; E?Z a)(g
) ) )
us| tH | | |

| )l) )l)
I I
on 777770, T2 777777 7770 I 7 7T 7707

(C et (C [(§

8 A T T N A=Y
| ] asfn |

(( ALL BANKS |- (( (( ALLBANKS ({

w0 TS A TS e B

) us| tH! “SI.H_F.' | )| T

0,881 7/ 7T/ A TTTTL T 760 e LTI,

)
(( High-2 (l ( ( ( (
DQs ) ) ) ) ) )
(( High-2 ( ( ( ( (
DQ ) 1) ) ) 7 )
T =200 us
** tMRD ** tMRD tRP tRFC tRFC | *tMRD
k Power-up: Extended
VDD and Vode 200 cycles of CK** |_| ;
CLK stable Register oa
Mode
Set )
Load Register
Mode (with A8 = L)
Register,
Reset DLL Q DON'T CARE
(with A8 = H)

* = VTT is not applied directly to the device, however tVTD must be greater than or equal to zero to avoid device latch—up.
** = tMRD is required before any command can be applied, and 200 cycles of CK are required before a READ command can be applied
The two Auto Refresh commands may be moved to follow the first MRS but precede the second PRECHARGE ALL command.

Figure 43 — INITIALIZE AND MODE REGISTER SETS
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tcK tcH |, tcL
TK —— . _ (( - _ o
/N TJC\/‘)/ VAR VAR /
w K XX LXK X X ) _
t|s|t|H

-—> >

X

ts| tH

-—>la—>

CKE

COMMAND VALID*

t|s| tiH |
<+ a—>

X2 =7,
(C | |
Sl 7 A

SSERENCIENN

o 7//////////////////45}//\///////////////////4

Enter Exit
Power—Down Power—Down
Mode Mode

7 ,
é DON'T CARE

No column accesses are allowed to be in progress at the time Power—Down is entered

* = |f this command is a PRECHARGE ALL (or if the device is already in the idle state) then the Power—Down
mode shown is Precharge Power Down. If this command is an ACTIVE (or if at least one row is already active)
then the Power—Down mode shown is Active Power Down.

Figure 44 - POWER-DOWN MODE
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o D e C
o - O OCOCOCC
BN (| |

cke A

COMMAND

AO0-A8

A9,
Al11-A13

A10

ONE BANK

tIS| HH

-l

/777 D /775
| | | (
oo LI

BA

DQ 7,

DM p,

tRP tRFC tRFC

DON'T CARE

* ="Don't Care”, if A10 is HIGH at this point; A10 must be HIGH if more than one bank is active (i.e., must precharge all active banks)
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address, AR = AUTOREFRESH

NOP commands are shown for ease of illustration; other valid commands may be possible after tRFC.

DM, DQ and DQS signals are all "Don’t Care"/High—Z for operations shown

Figure 45 - AUTO REFRESH MODE
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tcK
tcH . toL clock must be stable before
< Y exmng Self Refresh mode
w XX Wmﬂ
CKE 2{ Y AX ‘ ‘ // ( ) Y%
Us| tH |
2 ‘:' —\ ((
COMMAND NOP ,///I,// //////// /I

| | g t|s| tiH

7/////////////////4:’/////////////////{%///////4

~ Il L
A A A A

g tXSNR/
'RP Enter tXSRD**
Self Refresh Exit
Mode Self Refresh
Mode

DON'T CARE

* = Device must be in the "All banks idle” state prior to entering Self Refresh mode
** = tXSNR is required before any non—-READ command can be applied, and tXSRD
is required before a READ command can be applied.

Figure 46 — SELF REFRESH MODE

Release 2

XILINX EXHIBIT 1009
Page 177



JESD 79

Page 66
| tek | tcH | teL |
CK — —
—/| N
CK I‘ls ‘IHI tH |
CKE } VALID VALID VALID
ts| tH ‘
COMMAND NOP READ NOP PRE NOP NOP ACT NOP NOP NOP
‘|s| tiy | | | |
AO-An — —
(Table 1) | | I I I
AO-An —
(Table 1) i
|| | ALL BANKS |
A10 RA /
DIS AP ONE BANK
BAO, BAL // /S /K = /XKLL S LSS K XSS S D
| = | RP |
| 1 | | |
DM
Case 1:
tAC/tDQSCK = min
tbesck
min
tRPRE i —»| |« |IRPST
DQS F \ _Zl[ EL
el
DQ min Dno >§<
G |we [T
min min
Case 2:
tAC/tDQSCK = max
tbQsck
max
tRPRE —»| | | |®RPST
DQS N\ ;L
‘L; a 7 [z
DQ max Dno >§< max
‘L; - tA: =
max max

DON'T CARE
DO n = Data Out from column n
Burst Length = 4 in the case shown
3 subsequent elements of Data Out are provided in the programmed order following DO n
DIS AP = Disable Autoprecharge
*="Don't Care”, if A10 is HIGH at this point
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address
NOP commands are shown for ease of illustration; other commands may be valid at these times
Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.
Figure 47 — READ — WITHOUT AUTO PRECHARGE
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| tgosck .
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DO o
3
—CL=15| —» o
]
3
<
Q
Q
[
K%}
[a)
1
[N
<
DO n = Data Out from column n (%)
[a)

Burst Length = 4 in the case shown

3 subsequent elements of Data Out are provided in the programmed order following DO n

DIS AP = Disable Autoprecharge

*="Don't Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other commands may be valid at these times
Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.

Figure 48 — READ WITHOUT AUTOPRECHARGE (CL=1.5, BL=4)
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| tek | tcH | teL |
CK — Yauu
CK Ius YH | — ‘IHI
CKE % VALID VALID VALID
ts | tH ‘
CO M MAN D NOP READ NOP NOP NOP NOP ACT NOP NOP NOP
tis| tin | | | |
AO-An Tor RA
(Table 1) | | | | |
AO0-An
(Table 1) ~
ENIAP | I |
A10 : , RA Z
GOl I
BAO, BAYL S/ SR KL LSS S S S S S S XSS S S S S S
cL=2 tRp
] |
DM LSS S S S S S S S S S S S S S
C 1:
tAaCs/(taDQSCK =min
tbesck
tRPRE |r —o| | [tRPST
DQs 1\ 7L 5‘:
el
DQ min | Dno><§( X}
‘L; ~ ‘A? ~
Case 2:
tAC/tDQSCK = max
tpQsck
tRPRE " e | |tRPST
DQS T \_;L X‘R;
‘L; a 1 [z
DQ max Dno « % max
‘mLix ‘mAaC):( u DON'T CARE
DO n= Data Out from column n

Burst Length = 4 in the case shown

3 subsequent elements of Data Out are provided in the programmed order following DO n
EN AP = Enable Autoprecharge
ACT = ACTIVE, RA = Row Address

NOP commands are shown for ease of illustration; other commands may be valid at these times

The READ command may not be issued until tRAP has been satisfied. If Fast Autoprecharge is supported,
tRAP =tRCD, else the READ may not be issued prior to tRASmin — (BL*CK/2).

Figure 49 — READ — WITH AUTO PRECHARGE
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COMMAND NOP ACT NOP NOP NOP READ NOP PRE NOP NOP ACT
tis| tiH | | |
AO0-An —
RA Coln RA
(Table 1)
AO—An | | | |
(Table 1) = =

| tis| tH |
ALL BANKS
Al10 RA

DIS AP ONE BANK
ts| tH | |
P

BAO, BAL 2/ ///. BM)L’//////// LSS N LS W f S LS LSS KoKz

RA Z

RC

tRAS cL=2
tRCD

tRP

oM L/ S S Sl

Case 1:
IDQSCK = min

tbesck

min
trRPST
RPRE] A = .
DQS o\ 7L 5‘\
Lz |

DQ min ¥ DnO>Q( >b<

Wz {
min min

Case 2:
tAC/tDQSCK = maj

tRPRE —o| |« [|wPsT
DQS ¢ \ 7\( X

|
— | | |
Wz tHz
max ) max
DQ LR R

—| [— —| [—

Wz tac

max max

DON'T CARE

DO n= Data Out from column n

Burst Length = 4 in the case shown

3 subsequent elements of Data Out are provided in the programmed order following DO n

DIS AP = Disable Autoprecharge

*="Don't Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other commands may be valid at these times
Note that tRCD > tRCD MIN so that the same timing applies if Autoprecharge is enabled (in which case tRAS would be limiting)

Figure 50 - BANK READ ACCESS
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COMMAND NOP WRITE NOP NOP NOP NOP PRE NOP NOP ACT
is| I I | |
AO-An Coln RA
(Table 1) | | | | |
AO0-An
RA
(Table 1) T | | |
e ALL BANKS
A10 RA /4
ONE BANK

DIS AP | |

f|s| tH
el |

800,601 77 77 N e W77 7777777777777 N 7 7077 77 772N o X

tRP
Case 1: ) s | Ynsi. -
tDQSS = min toosH twR
tpQss twpsT
oas 7// 77777715 |} i Jf/ S S s
twpres —| [=—
TWPR‘E —_— le— tDQSLl I
i |
DQ A
DM g g
Case 2: |, Joss |y | Jess
tDQSS = max toosh
tpQss twpsT

bas 72777777770 % | # T z777777777777777777777777,

WPRES —| [w— ‘ |

1]
tWPRE —= DQsL

| BEEE |
DQ >

DM

E DON'T CARE

DI n = Data In for column n

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed order following DI n

DIS AP = Disable Autoprecharge

*="Don't Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times

Although tDQSS is drawn only for the first DQS rising edge, each rising edge of DQS must fall within the

=+ 25% window of the corresponding positive clock edge.
Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.

Figure 51 — WRITE — WITHOUT AUTO PRECHARGE
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| fck | feH fer
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CKE VALID VALID VALID
s | | |
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EN AP | | |
Al10 g RA 'y
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Case 1: fost fosH |
tDQSS = min T
DQSH

pQss twesT

vas 7277777743 ¥ 1Y j T 7777777777777777777777 777777
DQSL

twpres —»| [«
'

twWpRE —= -— | |

DQ /7 [;I
DM /
Case 2: N :ESS N .ESS
tDQSS = max o
pQss twpsT
vas 227777770 % -F“L$ V7777777 7777777 7777777777
tWPRES —| [«
twPRE |——‘ I~ ‘oosL | :
| ||| |
DQ 7 o /,

DM

DI n = Data In for column n

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed order following DI
EN AP = Enable Autoprecharge n

ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times
Although tDQSS is drawn only for the first DQS rising edge, each rising edge of DQS must fall within the

=+ 25% window of the corresponding positive clock edge.

Figure 52 - WRITE — WITH AUTO PRECHARGE

Q DON'T CARE
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I 1] I ALL BANKS
Al10 RA
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tRAS
tRCD tWr
Case 1. osH| | [PSH| |
tDQSS = min oS
tpQss| twpsT
oQs 7L/ S S ST | R | IV// IS S SIS
'WPRES—>| |*—
IWPIRE —| [~ | IDQSLl :
[4 | 4
DQ DI
DM '/
Case 2: |_. :Ess N _fl_nss
tDQSS = max tDQSH
DQSS| twpsT
oQs L/ S S S/ | L R (S
YWPRES—=| |« |
tWPRE ] l—| |'oost |
| | |
DQ /% o
1]
DM /
I
I

DI n = Data In for column n

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed order following DI n DONT CARE
DIS AP = Disable Autoprecharge

*="Don't Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times
Although tDQSS is drawn only for the first DQS rising edge, each rising edge of DQS must fall within the

=+ 25% window of the corresponding positive clock edge.

Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.

Figure 53 - BANK WRITE ACCESS
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Alo DIS AP 4 4 ONE BANK = <
80, BAT/ /S /K o WSS LSS LS LSS LSS S S S S L Koo X LSS LSS = Xy
Case 1: st || P
tDQSS = min toasH
tpQss twpsT
oQs L/ /A A | R J‘ /S S S s
. ! tbQsL |
WPRlE — le— | | |
DQ / I 4 4
I [ A
oM V/ANNV/N Z
Case 2: | o s ] toss
tDQSS = max on
tpess ° twpsT
s 2777777774 % | # | % %// (S
'WPRES l — |<— ‘ [DQSL |
| I ]| |
DQ 7 ' y
| |
DM | | | /
[ | [ i
I
DI n= Data In for column n Z PONT CARE

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed order following DI n (the second element of the four is masked)
DIS AP = Disable Autoprecharge

* ="Don’t Care”, if A10 is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times

Although tDQSS is drawn only for the first DQS rising edge, each rising edge of DQS must fall within the

=+ 25% window of the corresponding positive clock edge.

Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.

Figure 54 — WRITE — DM OPERATION
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The following is a list of the member
companies that participate in JEDEC,
they are listed alphabetically.

3D Labs
Actel Corp.
Adaptec, Inc.

Advanced
Interconnect

Advanced Memory
International

Advanced Micro
Dev.

Advanced
Semiconductor
Eng.

Advantage Memory
Corp.

Aeroflex

AICA Kogyo Co.
Ltd.

Allegro
MicroSystems

Alliance
Semiconductor

Alpha Industries
Altera Corp.

American
Microsystems

Amkor Technology
AMP
Anadigics, Inc.

Analog Devices,
Inc.

Ansoft

Applied Microcircuit
Corp.

Arrow Zeus
Electronics

ASAT, Inc.

M/A Com, Inc.

M.S. Kennedy
Corp.

Macronix Int'l Co.
Ltd.

Manufacturing
Tech. Inc.

Mardec Industrial

Matrox Graphics,
Inc.

Megic Corporation
Melco, Inc.

Memory Card
Technologies

Memory
Strategies,
International

Micro Instrument
Co.

Microchip
Technology

Micron
Technology, Inc.

Micropac
Industries

Microsemi Corp.

Minco Technology,
Inc.

Mini Systems, Inc.

Mitsubishi
Electronics

Molex, Inc.

Monolithic
Systems Tech

Mosaid Systems,
Inc.

Mosel Vitelic Corp.

more...
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ASSET InterTech,
Inc.

ATI Technologies,
Inc.

Atmel Corp.

ATP Electronics,
Inc.

Austin
Semiconductor

Avnet, Inc.

Bell Technologies
Berg Electronics
BKC
Semiconductor,
Inc. (Merged

w/Microsemi)

Boeing Company,
Inc.

BP Microsystems,
Inc.

Burr Brown Corp.

California Eastern
Labs

Camtintonn Corp.
Carsem, Inc.

Celestica
International, Inc.

ChipPac, Inc.
Chip Supply, Inc.

Cirrus Logic, Inc.

Cisco Systems, Inc.

C-MAC
Microcircuits Ltd.

Compaq Computer
Corp.

Compensated
Devices

Conexant Systems,
Inc.

Crane Interpoint
Corp.

Motorola, Inc.

MUSIC
Semiconductor

National
Semiconductor

NEC Electronics
Nepenthe Inc.
Net Logic

New England
Semiconductor

Nippon Steel
Semiconductor

Nitto Denko
America

Nortel

Northrup
Grumman

NTK Technical
Cermaics

NVIDIA
Corporation

OKI Electric
Industry Co.

Olin Aegis
Omedata, Inc.

Omnirel
Corporation

ON Semiconductor

Optek Technology,
Inc.

Panasonic
Semiconductor
Development
Company

Panda Project,
Inc.

Peak International
Peregrine
Semiconductor

Corporation

Pericom
Semiconductor
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Credence Systems
Corporation

CST
(Comp.Serv.Tech)

Cypress
Semiconductor

Daewon USA

Dallas
Semiconductor

Data Device Corp.
Data General Corp.

DataI/O
Corporation

DATARAM

Delkin Devices, Inc.
Delphi/Delco

Delta Design, Inc.
Denali Software

Dense-Pac
Microsystems

Digital Equipment
Corp.

e.PAK
International,
Incorporated
ELANTEC, Inc.
Electronic Design,
Inc. (merged with
White Electronic)

Elmos
Semiconductor AG

EMC Corporation

EMS Technologies,
Inc.

Enhanced Memory
Systems

Enplas/Tesco, Inc.

Entegris,
incorporated

Ericsson Telecom

Etron Technology,
Inc.

Philips
Semiconductors

Plastronics, Inc.

PNY Technologies,
Inc.

PolarFab

Power
Innovations, Ltd.

Powerex, Inc.
Protek Devices
Qualcomm Inc.

Qualified Parts
Lab

Quality Semic.
Inc. (merged with
IDT)

Quantum Effect
Design

R.H. Murphy Co.
Inc.

Polyswitch/Tyco
Real 3D

REMEC

ROHM Co. LTD,
LSI Packaging
Division

RF Micro Devices

Rochester
Electronics

RTP Company
RVSI

Samsung
Semiconductor

Sanyo
Semiconductor

Schlumberger
Tech.

Schott Glasswerke

Seiko-Epson/S-
mos Systems

Semicoa
Semicond.
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Evans & Sutherland

Fairchild
Semiconductor

Flip Chip
Technologies

Flomerics, Inc.

Fluent
Incorporated

Fluoroware, Inc.

Ford Motor
Company

Foxconn
International

Fujitsu
Microelectronics

Galvantech, Inc.
Genesis Semic. Inc.

General
Semiconductor

General Test
Laboratory

Genesis
Semiconductor

Giga
Semiconductor/GSI

GOLDENRAM
Hagiwara Sys-Com

Hana Technologies,
Inc.

Harris Corp.

Hewlett Packard
Co.

Hi/FN, Inc.

High Connection
Density, Inc.

Hitachi
Semiconductor

Hirose Electric
Honeywell SSEC

Hytek
Microsystems

Semiconductor
Insights

Semitronics, Inc.

Semtech
Corporation

Sensitron
Semiconductor

Serverworks
Corporation

Sharp Electronics
Shikatronics, Inc.

Shinko Electric
America

Shinon Corp.

Siemens (See
Infineon)

Signetics KP

Silicon Graphics,
Inc.

Silicon Magic
Corp.

Silicon Storage
Tech.

Siliconix Inc.

Siliconware USA,
Inc.

Simple Technology
Simtek Corp.
Sipex Corp.

SMART Modular
Tech.

Solitron Devices,
Inc.

Sony Corporation

Southland Micro
Systems

ST Assembly Test
Serv.

STAKTEK
Corporation

Stellex Microwave
System (formerly
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Hyundai Electronics
Hughes Aircraft Co.
IBIDEN USA Corp.
IBM Corporation

Infineon (formerly
Siemens)

Integrated Circuit
Systems

Integrated Device
Tech.

Integrated Silicon
Solution

Intel Corporation

International
Rectifier

Interworks
Computer Products

I/0 Data Device,
Inc.

IPAC

ITT Defense &
Electronic

ITW/Camtex
IXYS Corp.

JAE Electronics,
Inc.

Keithly
Instruments

Kentron
Technologies

KeyTek Instrument
Corp.

Kingston
Technology

Kostat,
Incorporated

Kyocera America,
Inc.

Lambda Advanced
Analog

Lansdale
Semiconductor

Watkins Johnson)
STMicroelectronics
Sud-Chemie
Performace

Packaging

Sun Microsystems,
Inc.

Super PC Memory
Switchcore AB

Symbios Logic
(merged with LSI)

Taiwan
Semiconductor

Tanisys
Technology

Technology
Works, Inc.

Teledyne
Microelec.

Teradyne Inc.
Tessera

Texas
Instruments

Toshiba America
Transmeta Corp.
Trimecs Corp.

TriQuint
Semiconductor

TRW Space &
Electron.

Tundra
Semiconductor

Unigen Corp.
United Desiccants
Unitrode

UMC (USA)

UTMC

Vanguard Int'l
Semic.

VIA Technologies,
Inc.

XILINX EXHIBIT 1009
Page 204



Lattice
Semiconductor

LG Semicon
(merged with
Hyundai)

Linear Technology
Corp.

Linfinity
Microelectr.

LNP Eng. Plastics,
Inc.

Lockheed Martin

LSI Logic
Corporation

Lucent
Technologies

Viking
Components, Inc.

Visiontek
Wells-CTI

Western Digital
Corp.

White Electronic
Designs

Wichmann Work
AG

Winbond
Electronics

Wintec Industries,
Inc.

Workstation
Direct

Xicor, Inc.
Xilinx, Inc.

Yamaichi
Electronics USA

List prepared by Julie Carlson

JEDEC Home: http://www.jedec.org
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JEDEC Member Companies

The following is a list of the member companies that participate in JEDEC, they are listed

[«Go Back]

alphabetically.

3M Company

Actel Corporation

Adaptec Inc.

Adtec Corporation

Advanced Memory International
Advanced Micro Devices
Advanced Power Technology

Advanced
Semiconductor Engineering

Advantest Corporation
Aeroflex Labs Inc.

Aeroflex UTMC

Agere Systems

Agilent Technologies

ALi Corporation

Allegro MicroSystems

Alpha Industries

Altera Corporation

Airoha Technology Corporation
Amkor Technology

Anadigics Inc.

Analog Devices Inc.

Ansoft

Apple Computer Inc.

Applied Microcircuit Corporation
Arrow Zeus Electronics

ASAT Inc.

ATI Research Silicon Valley Inc.
Atmel Corporation

ATP Electronics Inc.

Avant Technology L.P.

Aved Memory Products

Avnet Inc.

BAE Systems

Broadcom Corporation

C-MAC Microcircuits Ltd.
California Eastern Labs

Carsem Inc.

M.S. Kennedy Corporation
Macronix Int'l Co. Ltd.
Manufacturing Technology Inc.
Mardec Industrial

Matrox Graphics Inc.

Melco Inc.

Memory Strategies International
Micro Memory Bank

Micron Technology Inc.

Micropac Industries

Microsemi Corporation

Minco Technology Inc.

Mini Systems Inc.

Mitsubishi Electric and Electronics USA
Molex Inc.

Mosaic Systems

Mosaid Technologies Inc.

Mosel Vitelic Corporation
Motorola Inc.

NanoAmp Solutions Incorporated
Nanya Technology Company
National Semiconductor

NEC Electronics

Netlist Incorporated

New Jersey Micro Electronic Testing Inc.
NewLogic Technologies AG

Nitto Denko America

Nokia Research Center
Northrup Grumman

NVIDIA Corporation

OKI Electric Industry Company
Olin Aegis

ON Semiconductor

OSE USA

Peak International

Pericom Semiconductor

Philips Semiconductors

XILINX EXHIBIT 1009
Page 211


https://web.archive.org/web/20020605015448/http://www.jedec.org/service_members/New_Members/default.htm

Caspian Networks Inc.
Celestica Inc.

Centon Electronics Inc.
Chartered Semiconductor Manufacturing
ChipPac Inc.

Chip Supply Inc.

Cirrus Logic Inc.

Cogiscan Inc.

Comax Technology

Compaqg Computer Corporation
Conexant Systems Inc.

Corsair Memory Inc.

Crane Interpoint Corporation
Cray Incorporated

CST (Comp.Serv.Tech)
Cypress Semiconductor
Daewon SPIC/USA

Dane-Elec Corporation

Data Device Corporation
Dataram

Delkin Devices Inc.

Dell Computer

Delphi/Delco

Denali Software

DPAC Technologies Corporation
e.PAK International Incorporated
EEMS Italia SpA

Elite Semiconductor Memory Technology
Elpida Memory Inc.

EMC Corporation

EMS Technologies Inc.
Enhanced Memory Systems
Enplas Tesco Inc.

Entegris Incorporated

Etron Technology Inc.

Fairchild Semiconductor

FCI USA Inc.

Flomerics Inc.

Fluent Incorporated

Foxconn International Inc.
Fujitsu Microelectronics

General Test Laboratory

Plastronics Inc.

PNY Technologies Inc.
Power Innovations Ltd.
Powerex Inc.

Qualcomm Inc.

Qualified Parts Lab

REMEC

R.F. Magic

RF Micro Devices

Ralink Technology

Ricoh Company Limited
Rochester Electronics

RTP Company

Samsung Semiconductor
Samsung Techwin Co.
SanDisk Corporation

San Max Technologies Inc.
Sanyo Semiconductor
Sarnoff Corporation
Semicoa Semiconductor
Semiconductor Insights
Semtech Corporation
Sensitron Semiconductor
Serverworks Corporation
Sharp Electronics
Shikatronics Inc.

Shinko Electric America
Shinon Corporation

Silicon Integrated Systems
Silicon Graphics Inc.
Silicon Mountain Memory
Silicon Storage Technology
Siliconware USA Inc.
Simple/SiliconTech Technology
Sirenza Microdevices Inc.
Smart Modular Technology
SOISIC

Sony Corporation
Southland Micro Systems
Spirea AB

ST Assembly Test Services

Staktek Corporation
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Global Communication Devices
GSI Technology

Hagiwara Systems

Hana Microelectronics Inc.
Hana Micron Inc.

Helic S.A.

Hewlett Packard Company
Hi/FN Inc.

High Connection Density Inc.
Hitachi Semiconductor
Honeywell SSEC

Huawei Technologies Co. Ltd.

Hynix Semiconductor America Inc.

Hypertec Limited

Hytek Microsystems

I/0 Data Device Inc.

Ibiden USA Corporation

IBM Corporation

Infineon Technologies
InProComm Inc.

Integrated Circuit Systems
Integrated Device Technology
Integrated Measurement Systems
Integrated Silicon Solution
Intel Corporation

Interactive Silicon Inc.
International Rectifier Company
Intersil Corporation

Interworks A Sanmina Company
Irvine Sensors Corporation
ITW/Camtex

IXYS Corporation

JAE Electronics Inc.

Kentron Technologies

Kingston Technology

Kostat Incorporated

Kyocera America Inc.

Lansdale Semiconductor
LeCroy Corporation

Linear Technology Corporation
Littelfuse Inc.

LSI Logic Corporation

STMicroelectronics
Sud-Chemie Performace Packaging
Sun Microsystems Inc.
Super PC Memory
Switchcore Inc.

T-RAM Inc.

Tachyon Semiconductor
Taiwan Semiconductor
Tality UK Limited

Tanisys Technology
Techtronix

Teledyne Microelectronics
Teradyne Inc.

Texas Instruments
Thermo KeyTek

Toshiba America
Transmeta Corporation
TriQuint Semiconductor
TRW Inc.

Tundra Semiconductor
Twinmos Technologies
Tyco Electronics

Ubicom

Unigen Corporation
United Plastics Group Inc.
United Test & Assembly Center
United Test Center Inc.
Vanguard International Semiconductor
VVentura Technology Corp.
VIA Technologies Inc.
Virtium Technology Inc.
Vishay Siliconix

Visteon Corporation
White Electronic Designs
Winbond Electronics
Wintec Industries Inc.
Xilinx Inc.

Yamaichi Electronics
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Lucent Technologies

M/A-Com Inc.

JEDEC Home: http://www.jedec.org
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The Wayback Machine - https://web.archive.org/web/20040202081543/http://jedec.org:80/service_members/Ne...
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e Home )

¢ Join JEDEC »

* For members »

* Standards-publications »

¢ JEDEC Store»

* Meetings and events »

* Press and news )

e Search »

* To JEDEX )

* GaAs workshop »

¢ Obtain an ID code »

* Contacts & Help »

¢ Privacy )

JEDEC

JEDEC MEMBER COMPANIES

«Go Back

The following is a list of the member companies that
participate in JEDEC, they are listed alphabetically.

Click here for article:

Micron rolls out GDDR3 SDRAM for

araphics applications
Proposed by: Youri Pepplinkhuizen

Micron Technology Inc. Wednesday
said it has delivered what it claimed
are the industry's first samples of the
next-generation GDDR3 SDRAM for

graphics applications.

* *>SUGGEST AN ARTICLE<e °

Try_online JEDEC dictionary

@EDEX)

SanJose
T

JEDEX San Jose Mariott, April
15, 16 2004

5 th International Lead-Free
Conference (JEDEC-IPC)
March 17-19, 2004 San Jose

Marriott San Jose, CA.

@2004

2nd China International IC
Industry Exhibition & Seminar
IC China 2004
Date: September 1~3.2004
Venue: Shanghai Everbright
Convention & Exhibition
Centre, Shanghai

Interaationsl Capference dn
LEAD-FREE ELECTRONIC COMPOMENTS
AND ASSERMBLIES

CD from Lead Free Conference
(including Tin Whiskers papers)
Oct. 2003 Frankfurt, Germany.

A Sanmina-SCI

A-Data Technology
Co.

Actel Corporation
Adtec Corporation

Advanced Memory
International

Advanced Micro
Devices

Advanced Power
Technology

Advanced
Semiconductor
Engineering

Advantest
Corporation

Aeluros
Aeroflex
Agere Systems

Agilent Technologies

Mathios Associates
Micro Memory Bank

Micron Technology
Inc.

Micropac Industries

Microsemi
Corporation

Minco Technology
Inc.

Mini Systems Inc.
Mitsubishi
Molex Inc.

Mosel Vitelic
Corporation

Motorola Inc.

Nanya Technology
Semiconductor

National
Semiconductor

NEC Electronics

high-level output current
(lon):

The current into the output
terminal with input
conditions applied that,

accardine  ta the nrodnet ~

From JEDEC Catalog:

TO218-E open/download
Registration - Flange-
Mounted Header Family,
Axial and Peripheral Leads.
Variations AA-AD.

FREE Registration fo search our ¥
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https://web.archive.org/web/20040202081543/http://jedec.org/Home/contact_us.cfm
https://web.archive.org/web/20040202081543/http://jedec.org/privacy.cfm
https://web.archive.org/web/20040202081543/http://www.jedex.org/
https://web.archive.org/web/20040202081543/http://www.jedex.org/
https://web.archive.org/web/20040202081543/http://www.pb-free.org/
https://web.archive.org/web/20040202081543/http://www.pb-free.org/
https://web.archive.org/web/20040202081543/http://www.ic-china.org/ENICCHINA/index.htm
https://web.archive.org/web/20040202081543/http://www.ic-china.org/ENICCHINA/index.htm
https://web.archive.org/web/20040202081543/http://www.pb-free.org/
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Qﬂhﬂi - i
Videos (Chinese TV) from
JEDEX Shanghai, International
conference on
seminconductor applications.
October 21-22, 2003
Shanghai, China

e JEDEC STORE NOW OPEN

Purchase educational CD's
proceedings, JEDEC dictionary
etc... CLICK HERE TO ENTER.

ALi Corporation
Allegro MicroSystems

Alliance
Semiconductor

Altera Corporation
Amkor Technology
Anadigics Inc.
Analog Devices Inc.
Apacer Technology

Apple Computer Inc.

ArrayComm Inc.

Arrow Zeus
Electronics

Artisan Components
ASAT Inc.

ATl Research Silicon
Valley Inc.

Atmel Corporation
ATP Electronics Inc.

Austin
Semiconductor

Avant Technology
L.P.

Aved Memory
Products

Avnet Inc.
BAE Systems
Bourns Ltd.

Broadcom
Corporation

Netlist Incorporated

New lJersey Micro
Electronic Testing
Inc.

Newlogic
Technologies AG

Nimbus Wireless Inc.

Nokia
Northrup Grumman
NVIDIA Corporation

OKI Electric Industry
Company

Olin Aegis

ON Semiconductor
OSE USA

Peak International

Pericom
Semiconductor

Philips
Semiconductors

Plastronics Inc.
PMC/Sierra

PNY Technologies
Inc.

Power Integrations
Inc.

Powerex Inc.

Pulse Engineering
QP Semiconductor
Qualcomm

REMEC
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Buffalo Inc.

C-MAC Microcircuits
Ltd.

California Eastern
Labs

Carsem Inc.

Caspian Networks
Inc.

Catalyst
Semiconductor Inc.

Celestica Inc.

Centon Electronics
Inc.

Chartered
Semiconductor
Manufacturing

ChipPac Inc.
Chip Supply Inc.
Cirrus Logic Inc.
Cisco Systems Inc.

CMC Electronics
Cincinnati

Cogiscan Inc.
Corsair Memory Inc.

Crane Interpoint
Corporation

Cray Incorporated

CST
(Comp.Serv.Tech)

Cypress
Semiconductor

Daewon USA

RF Micro Devices

Ramaxel Technology
Ltd.

Raza Foundries
Renesas Technology

Ricoh Company
Limited

Rochester Electronics

Saifun
Semiconductor

Samsung
Semiconductor

SanDisk Corporation

San Max
Technologies Inc.

Sanyo
Semiconductor

Sarnoff Corporation

Semicoa
Semiconductor

Semtech
Corporation

Sensitron
Semiconductor

Serverworks
Corporation

Shanghai Hua Hong
NEC Electronics

Sharp
Microelectronics

Shikatronics Inc.

Shinko Electric
America
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Dane-Elec
Corporation

Data Device
Corporation

Dataram

Delkin Devices Inc.
Dell Computer
Delphi Corporation
Denali Software

DPAC Technologies
Corporation

e.PAK International
Incorporated

EEMS Italia SpA

Elite Semiconductor
Memory Technology

Elpida Memory Inc.
EMC Corporation

EMS Technologies
Inc.

Endicott
Interconnect
Technologies

Enplas Tesco Inc.

Entegris
Incorporated

Efron Technology
Inc.

Exar Corporation

Fairchild
Semiconductor

FCI USA Inc.

Silego Technology
Silicon Graphics Inc.
Silicon Image

Silicon Integrated
Systems

Silicon Laboratories

Silicon Mountain
Memory

Silicon Storage
Technology

Siliconware USA Inc.

Simple/SiliconTech
Technology

Skyworks Solutions
Inc.

Smart Modular
Technology

Sony
Microelectronics

ST Assembly Test
Services

Staktek Corporation
STMicroelectronics

Sud-Chemie
Performace
Packaging

Summit Computer
Systems Inc.

Sun Microsystems
Inc.

Swissbit Germany AG

T-RAM Inc.
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Flomerics Inc.
Fluent Incorporated
FormFactor Inc.

Foxconn
International Inc.

Fujitsu
Microelectronics
America

General Test
Laboratory

Globespan Virata
Inc.

GSI Technology
Hagiwara Systems

Hana
Microelectronics Inc.

Hewlett Packard
Company

Hi/FN Inc.

Honeywell SSEC

Huawei Technologies
Co. Ltd.

Hynix Semiconductor
America Inc.

Hytek Microsystems
Inc.

/O Data Device Inc.

lbiden USA
Corporation

IBM Corporation

lceFyre
Semiconductor Inc.

Taiwan
Semiconductor

Tektronix

Teledyne
Microelectronics

Teradyne Inc.
Texas Instruments

Tezzaron
Semiconductor

Thermo KeyTek

Theta
Microelectronics

Toshiba America

Transmeta
Corporation

TriQuint
Semiconductor

TwinMos
Technologies

Tyco Electronics

Uu.S. Army

Ubicom

Ultratera Corporation
Unigen Corporation
Unisys Corporation

United Test &
Assembly Center

Universal Networking
Machines

Ventura Technology
Corp.
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Infineon
Technologies

Inphi Corporation

Integrated Circuit
Systems

Infegrated Device
Technology

Integrated Silicon
Solution Inc.

Intel Corporation

International Rectifier
Company

Intersil Corporation
ITW/ECPS
IXYS Corporation

JAE Electronics Inc.

Jazz Semiconductor

Kentron
Technologies

Kingmax
Semiconductor Inc.

Kingston Technology
Company Inc.

King Tiger
Technology Inc.

Kostat Incorporated

Lansdale
Semiconductor Inc.

LeCroy Corporation

Legacy Electronics
Inc.

VIA Technologies Inc.

Virtium Technology
Inc.

Vishay General
Semiconductor

Vishay Siliconix
Wells-CTlI

White Electronic
Designs

White Mountain Labs
Winbond Electronics
Wintec Industries Inc.
Xilinx Inc.

Yamaichi Electronics
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Linear Technology
Corporation

Littelfuse Inc.
LSI Logic Corporation
Lucent Technologies

M.S. Kennedy
Corporation

Macronix Int'l Co.
Ltd.

Manufacturing
Technology Inc.

JEDEC Home: http://www.jedec.org
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The Wayback Machine - https://web.archive.org/web/20051024132448/http://www.jedec.org:80/service._ members/New Members/memberco.cfm
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The Standards Resource for the World Semiconductor Industry
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aws
The following is a list of the member companies that participate in JEDEC, they are listed alphabetically.
3C Memory Corporation M-Systems
A-Data Technology Co. M.S. Kennedy Corporation
Actel Corporation MA Laboratories Inc.
Adtec Corporation Macronix Int'l Co. Ltd.
Advance Modules Manufacturing Technology Inc.
Advanced Interconnect Technologies Marvell Semiconductor Israel Ltd.
Advanced Micro Devices Mathios Associates
Advanced Matrox Graphics Inc.
Semiconductor Engineering Mentor Graphics Corporation

Aeroflex
Agere Systems
Agilent Technologies
Alcatel
Allegro MicroSystems
Altera Corporation
Amkor Technology
Anadigics Inc.
Analog Devices Inc.
Apacer Technology
Apple Computer Inc.
Arrow Zeus Electronics
ARM Inc.
ASAT Inc.
ATl Research Silicon Valley Inc.

Micro Memory Bank
Microchip Technology
Micron Technology Inc.
Micropac Industries
Microsemi Corporation
Minco Technology Labs Inc.
Mini Systems Inc.
Mitsubishi
Molex Inc.
Montage Technology
Mosel Vitelic Corporation
Motia

Motorola Corporation

Multisorb Technologies Inc.

Nanya Technology Semiconductor

JEDEC

Home page

For Members

Site Map

Meeting and events
JEDEC Application form
Trade Events

JEDEC Store
(CD, training courses, ID codes)

STANDARDS,
PUBLICATIONS

Search download JEDEC
Documents

(dedicated search engine)
DDR

JEDEC Datasheet
Search our Documents

Google Search (not as precise)

PRESS

JEDEC in the news
Suggest a news article

Find pages on JEDEC site

OTHER INTERESTS

JEDEC Dictionary

Contact us/Help
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https://web.archive.org/web/20051024132448/http://www.jedec.org/Home/press/suggest_url.cfm
https://web.archive.org/web/20051024132448/http://www.jedec.org/switchboard.cfm
https://web.archive.org/web/20051024132448/http://www.jedec.org/DOWNLOAD/DICO/default.cfm
https://web.archive.org/web/20051024132448/http://www.jedec.org/Home/contact_us.cfm
https://web.archive.org/web/20051024132448/http://www.jedec.org/Home/press/default.cfm

Atmel Corporation
ATP Electronics Inc.
Austin Semiconductor
Avant Technology L.P.
Aved Memory Products
Avnet Inc.

BAE Systems
Bourns Ltd.

Brain Power USA
Broadbus Technologes Inc.
Broadcom Corporation
Buffalo Inc.

C-MAC Microcircuits Ltd.
California Eastern Labs
Carsem Inc.
Caspian Networks Inc.
Catalyst Semiconductor Inc.
Celestica Inc.
Centon Electronics Inc.
Century Micro Inc.
Chartered Semiconductor Manufacturing
Chip Supply In.

Cirrus Logic Inc.
Cisco Systems Inc.
CMC Electronics Cincinnati
CompuTaiwan Information Corp. Ltd.
Corsair Memory Inc.
COS Memory AG
Crane Interpoint Corporation
Cray Inc.
Credence
CST (Comp.Serv.Tech)
Cypress Semiconductor
D.E. Shaw Research & Development
Daewon USA
Dane-Elec Corporation
Data Device Corporation
Dataram

Dell Inc.

National Semiconductor
NEC Electronics America Inc.
Netlist Inc.

Nexus Technology Inc.
Nokia
Northrup Grumman
NVIDIA Corporation
OCZ Technologies Group Inc.
OKI Electric Industry Company
Olin Aegis
ON Semiconductor
Oneida Research Services Inc.
Pacific Fore Technologies Ltd.
PDP Systems Inc.

Peak International
Perfectus Technology
Pericom Semiconductor
Phiar Corporation
Philips
Plastronics Inc.
PMC/Sierra
PNY Technologies Inc.
Power Integrations Inc.
Power Quotient International Co., Ltd.
Powerex Inc.

QP Semiconductor
Qualcomm
REMEC
RF Micro Devices
Ramaxel Technology Ltd.
Raza Microelectronics Inc.
Renesas Technology
Ricoh Company Limited
Rochester Electronics
Saifun Semiconductor
Samsung Semiconductor
Sanyo Semiconductor

Sarnoff Corporation

Satcon Electronics
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https://web.archive.org/web/20051024132448/http://www.austinsemiconductor.com/
https://web.archive.org/web/20051024132448/http://www.avnet.com/pressroom/affiliations
https://web.archive.org/web/20051024132448/http://www.bourns.com/
https://web.archive.org/web/20051024132448/http://www.melcoinc.com/
https://web.archive.org/web/20051024132448/http://www.carsem.com/
https://web.archive.org/web/20051024132448/http://www.catalyst-semiconductor.com/
https://web.archive.org/web/20051024132448/http://www.celestica.com/
https://web.archive.org/web/20051024132448/http://www.centon.com/
https://web.archive.org/web/20051024132448/http://www.chipsupply.com/
https://web.archive.org/web/20051024132448/http://www.cirrus.com/
https://web.archive.org/web/20051024132448/http://www.jedec.org/service_members/New_Members/www.corsairmemory.com
https://web.archive.org/web/20051024132448/http://www.cray.com/
https://web.archive.org/web/20051024132448/http://www.simmtester.com/
https://web.archive.org/web/20051024132448/http://www.cypress.com/
https://web.archive.org/web/20051024132448/http://www.dell.com/
https://web.archive.org/web/20051024132448/http://www.national.com/
https://web.archive.org/web/20051024132448/http://www.necelam.com/
https://web.archive.org/web/20051024132448/http://www.netlistinc.com/
https://web.archive.org/web/20051024132448/http://www.nvidia.com/
https://web.archive.org/web/20051024132448/http://www.ocz.com/
https://web.archive.org/web/20051024132448/http://www.oki.com/
https://web.archive.org/web/20051024132448/http://ors-labs.com/
https://web.archive.org/web/20051024132448/http://www.pft.com.hk/
https://web.archive.org/web/20051024132448/http://www.pdpsys.com/
https://web.archive.org/web/20051024132448/http://www.jedec.org/service_members/New_Members/www.peakf.com
https://web.archive.org/web/20051024132448/http://www.semiconductors.philips.com/
https://web.archive.org/web/20051024132448/http://www.jedec.org/service_members/New_Members/www.pmc-sierra.com
https://web.archive.org/web/20051024132448/http://www.powerint.com/
https://web.archive.org/web/20051024132448/http://www.pwrx.com/
https://web.archive.org/web/20051024132448/http://www.ramaxel.com/
https://web.archive.org/web/20051024132448/http://www.renesas.com/homepage.jsp
https://web.archive.org/web/20051024132448/http://www.saifun.com/
https://web.archive.org/web/20051024132448/http://www.gemes.com/
https://web.archive.org/web/20051024132448/http://www.satconelectronics.com/

Delphi Corporation

Denali Software

Diablo Technologies Inc.
EEMS ltalia SpA
Elite Semiconductor Memory Technology
Elpida Memory Inc.
EMC Corporation
EMS Technologies Inc.
Endicott Interconnect Technologies
Enplas Tesco Inc.
Entegris Incorporated
Etron Technology Inc.
Exar Corporation
Fairchild Semiconductor
FCI USA Inc.
Flomerics Inc.

Fluent Incorporated

Force 10 Networks Inc.
FormFactor Inc.
Foxconn International Inc.
Freescale Semiconductor

Fujitsu Microelectronics
America

Gigaram Inc.

Golden Emperor International Ltd. (GellL)
GSI Technology
Hagiwara Sys-com Co., Ltd.
Hana Microelectronics Inc.
Hana Micron Inc.

Hewlett Packard Company
Hi/FN Inc.

Hirose Electric Co.
Honeywell
Huawei Technologies Co. Ltd.
Hynix Semiconductor America Inc.
Hypertec Limited
Hytek Microsystems Inc.

I/O Data Device Inc.

Ibiden USA Corporation

Semicoa Semiconductor
Semtech Corporation
Sensitron Semiconductor
Serverworks Corporation
Sharp Microelectronics
Shikatronics Inc.
Shinko Electric America
Silego Technology
Silicon Graphics Inc.
Silicon Image
Silicon Motion Inc.
Silicon Mountain Memory
Silicon Storage Technology
Siliconware USA Inc.
SimpleTech
SiSoft
Skyworks Solutions Inc.
Smart Modular Technology
Sony Microelectronics
Southland Micro Systems
Staktek Corporation
STATSChipPAC
STMicroelectronics
Stratus Technologies Inc.
Sud-Chemie Performace Packaging
Sun Microsystems Inc.
Swissbit Germany AG
Synopsys Inc.
SyntheSys Research Inc.
Taiwan Semiconductor
Tanisys Technology Inc.
Tektronix
Teledyne Microelectronics
Teradyne Inc.
Texas Instruments
Tezzaron Semiconductor
Thermo Electron

Toshiba America

Total Parts Plus
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https://web.archive.org/web/20051024132448/http://www.entegris.com/
https://web.archive.org/web/20051024132448/http://www.etron.com/
https://web.archive.org/web/20051024132448/http://www.fairchildsemi.com/
https://web.archive.org/web/20051024132448/http://www.flomerics.com/
https://web.archive.org/web/20051024132448/http://www.freescale.com/
https://web.archive.org/web/20051024132448/http://www.gsitechnology.com/
https://web.archive.org/web/20051024132448/http://www.hanagroup.com/
https://web.archive.org/web/20051024132448/http://www.hanamicron.com/
https://web.archive.org/web/20051024132448/http://www.hypertec.co.uk/
https://web.archive.org/web/20051024132448/http://www.sensitron.com/
https://web.archive.org/web/20051024132448/http://www.sharpsma.com/
https://web.archive.org/web/20051024132448/http://www.shinko.co.jp/
https://web.archive.org/web/20051024132448/http://www.sgi.com/
https://web.archive.org/web/20051024132448/http://www.smmdirect.com/index.html
https://web.archive.org/web/20051024132448/http://www.sst.com/
https://web.archive.org/web/20051024132448/http://www.spil.com.tw/
https://web.archive.org/web/20051024132448/http://www.simpletech.com/
https://web.archive.org/web/20051024132448/http://www.sisoft.com/
https://web.archive.org/web/20051024132448/http://www.skyworksinc.com/
https://web.archive.org/web/20051024132448/http://www.smartm.com/
https://web.archive.org/web/20051024132448/http://www.staktek.com/
https://web.archive.org/web/20051024132448/http://www.synthesysresearch.com/
https://web.archive.org/web/20051024132448/http://www.tek.com/
https://web.archive.org/web/20051024132448/http://www.teledynemicroelectronics.com/
https://web.archive.org/web/20051024132448/http://www.thermo.com/esd

IBM Corporation
Infineon Technologies
Inphi Corporation
Integrated Device Technology
Integrated Silicon Solution Inc.
Intel Corporation
International Rectifier Company
Intersil Corporation
ITW/ECPS
IXYS Corporation

JAE Electronics Inc.

Jazz Semiconductor

Jiang Su Changjiang Elec. Tech. Co. Ltd.

Kentron Technologies
Kingmax Semiconductor Inc.

Kingston Technology
Company Inc.

King Tiger Technology Inc.
Kostat Incorporated
Kreton Corporation

Lansdale Semiconductor Inc.
Lattice Semiconductor
LeCroy Corporation
Legacy Electronics Inc.
Legend Australasia
Lenovo International
Linear Technology Corporation
Littlefuse Inc.

Lord Corporation
Lotes Co. Ltd.

LSI Logic Corporation

Lucent Technologies

Transcend
TriQuint Semiconductor
TwinMos Technologies
Tyco Electronics
U.S. Army
Unifosa Corporation
Unigen Corporation
Unisys Corporation
United Test & Assembly Center
Universal Network Machines
Ventura Technology Corp.
VIA Technologies Inc.

Viking Interworks
A Sanmina-SCI Company

Virtium Technology Inc.
Vishay General Semiconductor
Vishay Siliconix
Vitesse Semiconductor

VPT Inc.

Wavecrest Corporation

Wells-CTI

White Electronic Designs Corp.

White Mountain Labs
Winbond Electronics
Wintec Industries Inc.
Wyle Laboratories
Xilinx Inc.

Yamaichi Electronics
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https://web.archive.org/web/20051024132448/http://www.kingtigertech.com/
https://web.archive.org/web/20051024132448/http://www.lansdale.com/
https://web.archive.org/web/20051024132448/http://www.lecroy.com/
https://web.archive.org/web/20051024132448/http://www.legendmemory.com/
https://web.archive.org/web/20051024132448/http://www.littelfuse.com/
https://web.archive.org/web/20051024132448/http://www.lord.com/
https://web.archive.org/web/20051024132448/http://www.lsilogic.com/
https://web.archive.org/web/20051024132448/http://www.tqs.com/
https://web.archive.org/web/20051024132448/http://catalog.tycoelectronics.com/TE/bin/TE.Connect?C=107&M=FEAT&LG=1&1=13
https://web.archive.org/web/20051024132448/http://www.unigen.com/
https://web.archive.org/web/20051024132448/http://www.vikinginterworks.com/
https://web.archive.org/web/20051024132448/http://www.vishay.com/
https://web.archive.org/web/20051024132448/http://www.jedec.org:80/service_members/New_Members/http.//www.wellscti.com
https://web.archive.org/web/20051024132448/http://www.wedc.com/
https://web.archive.org/web/20051024132448/http://www.whitemountainlabs.com/
https://web.archive.org/web/20051024132448/http://www.wylelabs.com/el.html
https://web.archive.org/web/20051024132448/http://www.xilinx.com/
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