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Declaration of Shauna L. Wiest

I, Shauna L. Wiest, state and declare as follows:
l. Introduction

1. | have prepared this Declaration in connection with a petition for
inter partes review of U.S. Patent No. 8,907,425, which | understand will be
filed concurrently with this Declaration.

2. | am currently a senior research analyst with the Research &
Information Services team at Finnegan, Henderson, Farabow, Garrett & Dunner,
LLP located at 3300 Hillview Avenue, Palo Alto, CA 94304.

3. | am over eighteen years of age, and | am competent to make this
Declaration. | make this Declaration based upon my own personal knowledge,
and my professional knowledge of library science practices.

4. | earned a Master of Science in Library Science degree from the
University of North Carolina at Chapel Hill in 1999, and a Bachelor of Arts in
Political Science degree from the University of California at San Diego in
1989. | have worked as a law librarian for over eighteen years. | have been
employed in the Research & Information Services Department at Finnegan,
Henderson, Farabow, Garrett & Dunner, LLP since 2021. Before that, from
2000-2015, I was employed as a Law Librarian at Stoel Rives LLP, and from
2015-2016, | was employed as a Competitive Intelligence Specialist for

Nossaman LLP. Additionally, as a graduate student at the University of North
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Declaration of Shauna L. Wiest

Carolina at Chapel Hill, I served as an intern at the Environmental Protection
Agency at Research Triangle Park (“EPA-RTP”) where one of my rotations
included original cataloging for EPA technical documents, state agency reports
and documents, international organization documents, dissertations, and, on
occasion, monographs. In this role, | accessed OCLC, MARC records, and the
EPA National Library Catalog daily.

Il.  Standard Library Practice for Receiving, Cataloging, and Making
Materials, including Conference Publications, Publicly Available

5. I have knowledge of and experience with standard library practices
regarding the receipt, cataloging, shelving, and making materials, including
conference publications, available to the public. I have knowledge of and
experience with the Machine-Readable Cataloging (MARC) system, an
industry-wide standard that libraries use to catalog materials. | also have
knowledge of and experience with OCLC (previously called Online Computer
Library Center, Inc.) and OCLC Control Numbers, which are unigue accession
numbers assigned by the OCLC system when a bibliographic record is
catalogued and made available to the public through WorldCat. OCLC control
numbers are often used by the public to search for specific records within
WorldCat, the latter being an online global catalog of 559,887,458 individual
bibliographic records from libraries all over the world (as of June 2024)

(Source: https://www.oclc.org/en/worldcat/inside-worldcat.html).
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Declaration of Shauna L. Wiest

6. Based on standard library practice, when a library receives a print
item, the cataloguer or cataloguer’s assistant will examine the item and date-
stamp and/or affix a label to the item with the library name and/or barcode with
the date it was received. Next, the library will catalog the item within a few
days of receiving it. As a general practice, cataloguing is centralized and
performed by a cataloguing department within a library or university setting.

7. Normally, after an item is cataloged, the public may access the
item by searching a library online catalog, browsing the physical library
shelves, searching a physical card catalog, or by seeking assistance from a
Librarian to identify the item. Standard library practice is to make an item
available to the public within several days of cataloging it. If an item requires
original cataloguing, the item will be made available to the public up to and
including one week from the date of receipt.

1. Ownership and Date-Stamp

8. Libraries have different policies on whether to date-stamp received
publications. It is becoming increasingly common for libraries to no longer date-
stamp the publications they receive. Historically, it was common practice to affix
an ownership and date stamp somewhere within the publication, usually on the
cover page, verso of the cover page, or a designated page within the publication.

The timing of when an ownership/date stamp is placed on the monograph or
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Declaration of Shauna L. Wiest

periodical can vary from one library to another. It could occur when the item is
received in acquisitions after shipment to the library, or at the time of cataloging.

IV. MARC Records

Q. The MARC system was developed during the 1960s to standardize
bibliographic catalog records so they could be read by computers and shared
among libraries. By the mid-1970s, MARC had become the international standard
for cataloging bibliographic materials and is still used today. Many libraries
provide public access to their MARC records via their electronic cataloging
systems at the library. In a MARC record, each field provides specific information
about the cataloged item, including how materials are held and when they were
made available to the public.

10. The MARC record system uses specific three-digit numeric codes
(“field tags”) (from 001-999) to identify each field in a catalog record. For
example, field tag 008 provides the six-digit date an item was catalogued (Date
entered on file). The first six characters of field tag 008 are always in the
“YYMMDD” format. Descriptions and definitions of all the character positions of
field tag 008 are outlined here:
https://www.loc.gov/marc/bibliographic/bd008a.html.

11.  As s relevant to this Declaration, MARC field tag 020 sets forth the

International Standard Book Number (“ISBN™), a unique identification number
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Declaration of Shauna L. Wiest

assigned to every book or monograph publication. MARC field tag 245 sets forth
the Title and statement of responsibility for a work. MARC field tag 264 sets forth
information relating to the place of publication, printing, distribution, and
copyright date. MARC field tag 505 sets forth notes regarding a work’s formatted
contents, including the individual titles of separate works, contained within a work.

V.  Monograph versus Serials Cataloguing of Conference Proceedings

12.  Conference proceedings often consist of a collection of individual
papers presented at a meeting, symposium or conference held during a specific
time-period in a designated geographic place. Although some ongoing
conference publications are catalogued as serials (if a conference publication
exhibits evidence of seriality after the first issue and it does not contain a
distinctive title or series number), cataloguing a conference publication as a
monograph can provide the public a way to easily locate and access the
conference resource, and its papers, by searching by a unique title, topic, or
other data points based on descriptive elements of the conference proceeding.
Monographs are efficient for public searching and offer the public an easier
way to discover what an institution holds, while changes to the record are not

an issue.
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Declaration of Shauna L. Wiest

VI. IEEE Xplore

13. The IEEE Xplore digital library located at
https://ieeexplore.ieee.org/Xplore/home.jsp is an online resource for public
searching, retrieval, and discovery of scientific and technical content published
by the Institute of Electrical and Electronics Engineers (“IEEE”) and its
publishing partners. IEEE Xplore provides web access to more than 6 million
technical documents from some of the world’s most highly cited publications
in electrical engineering, computer science, and electronics. Approximately
25,000 new documents are added to IEEE Xplore each month. Access to full-
text documents in IEEE Xplore can be obtained through institutional
subscriptions, subscriptions available to IEEE member and IEEE society
members, and online purchase of individual documents by the public without a
subscription. Anyone, including the public, may search IEEE Xplore for free
without a subscription or membership. More details are here:
https://ieeexplore.ieee.org/Xplorehelp/overview-of-ieee-xplore/about-ieee-
xplore.

14. Itis the regular practice of IEEE to publish articles and other
writings including article abstracts and make them available to the public
through IEEE Xplore. IEEE maintains copies of publications on IEEE Xplore

in the ordinary course of its regularly conducted activities.
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Declaration of Shauna L. Wiest

15. The date of publication for journals and standards on IEEE Xplore
represents the first instance of public dissemination. IEEE Xplore previously
made distinctions between the online publication date and the print publication
date. This was simplified to reflect a single publication date of record as
defined above and detailed here:
https://ieeexplore.ieee.org/Xplorehelp/working-with-documents/publication-
dates.

16. IEEE publishes more than 2000 conference proceedings each year
in various technology areas which are recognized by academia and industry
worldwide. Conference proceedings in IEEE Xplore indicate the “Date of
Conference,” which is the date of the event, and “Date Added to IEEE Xplore”
which is the date the proceedings were made available to the public on the
IEEE Xplore platform. Copies of conference proceedings are generally made
available to the public no later than the last day of the conference.

VIl. U.S. Copyright Office Records

17.  The United States Copyright Office, a part of the Library of Congress,
is the official U.S. government body that maintains copyright certificates and
copyright records of registration in the United States, including providing public
access to an online catalog of copyright records held by the Copyright Office. The

copyright records contained in the public catalog are routinely used by copyright
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Declaration of Shauna L. Wiest

title researchers who are attempting to clear a chain of title for copyrighted works.
The records contained in the public catalog also denote the date of creation and the
date of publication of the copyrighted work.

VII1. Public Availability of James 2005

18. This Declaration relates to the date of receipt, accessibility, and
public availability of the following reference: D. James, “2004 - the year of 90-
nm: a review of 90 nm devices,” in IEEE/SEMI Conference and Workshop on
Advanced Semiconductor Manufacturing, April 11-12, 2005, Munich,
Germany, pages 72-76 (2005) (““James 2005”*). | understand that James 2005
is being submitted as Exhibit Ex-1012 in this proceeding.

19.  Asdetailed below, | have reviewed the print James 2005 reference,
which was supplied by North Carolina State University; the U.S. Copyright Record
for the IEEE/SEMI Conference and Workshop on Advanced Semiconductor
Manufacturing 2005 containing James 2005; and the IEEE Xplore website record
for the James 2005 reference to determine the date of public accessibility and
availability for this reference.

20.  Appendix A to this Declaration is a true and accurate copy of the
cover page, title page, and table of contents for the print issue of 2005 IEEE/SEMI
Advanced Semiconductor Manufacturing Conference and Workshop, 11-12 April

2005, Munich, Germany, held by the James B. Hunt Jr. Library at North Carolina
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Declaration of Shauna L. Wiest

State University. Appendix A also includes pages 72-77 of the conference
proceedings, which comprise the reference: D. James, “2004 - the year of 90-nm: a
review of 90 nm devices,” i.e., James 2005. Appendix A also sets forth the unique
International Standard Book Number (ISBN) for 2005 IEEE/SEMI Advanced
Semiconductor Manufacturing Conference and Workshop, 11-12 April, containing
James 2005 as 0780389964.

21.  Appendix B to this Declaration is a true and accurate copy of the
North Carolina State University James B. Hunt Jr. Library public catalog record
for its copy of 2005 IEEE/SEMI Advanced Semiconductor Manufacturing
Conference and Workshop containing James 2005, which was downloaded from
https://catalog.lib.ncsu.edu/catalog/NCSU1850414 on March 7, 2025.

22.  The North Carolina State University, James B. Hunt Jr. Library public
catalog record (Appendix B) sets forth the publication, contents, and holdings
information for its copy of 2005 IEEE/SEMI Advanced Semiconductor
Manufacturing Conference and Workshop containing James 2005. The public
catalog record indicates that the 2005 IEEE/SEMI Advanced Semiconductor
Manufacturing Conference and Workshop contains “2004 -the year of 90-nm: a
review of 90 nm devices / Dick James,” i.e., the James 2005 reference. Appendix
B also denotes that the 2005 IEEE/SEMI Advanced Semiconductor Manufacturing

Conference and Workshop containing James 2005 bears the ISBN of 0780389964,

10
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Declaration of Shauna L. Wiest

and that the print volume containing James 2005 is located at Call Number
TK7871.85. 125 2005 in the James B. Hunt Jr. Library located at North Carolina
State University.

23.  Appendix C to this Declaration is a true and accurate copy of the
North Carolina State University James B. Hunt Jr. Library MARC record for its
holdings of 2005 IEEE/SEMI Advanced Semiconductor Manufacturing
Conference and Workshop containing James 2005, which was downloaded from
https://catalog.lib.ncsu.edu/catalog/NCSU1850414 (Click on “View MARC”) on
March 7, 2025.

24.  Appendix C confirms the fixed data elements of MARC field tag 008
as 050715t20052005nyuab1010engd. As discussed above, the first six characters
“050715” are in typical “YYMMDD” format and indicate that the 2005
IEEE/SEMI Advanced Semiconductor Manufacturing Conference and Workshop
containing James was catalogued by North Carolina State University on July 15,
2005, and bears a publication date and copyright date of 2005.

25. MARC record (Appendix C) field tag 020 sets forth the unique ISBN
number belonging to 2005 IEEE/SEMI Advanced Semiconductor Manufacturing
Conference and Workshop containing James 2005 as 0780389964. MARC field
tag 245 sets forth the title and statement of responsibility for 2005 IEEE/SEMI

Advanced Semiconductor Manufacturing Conference and Workshop as ASMC

11
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Declaration of Shauna L. Wiest

2005 Proceedings: Advancing Semiconductor Manufacturing Excellence,
IEEE/SEMI Advanced Semiconductor Manufacturing Conference and Workshop,
11-12 April 2005, Munich, Germany, bearing a copyright date of 2005. MARC
field tag 264 sets forth information relating to the place of publication, printing,
distribution, and copyright date for 2005 IEEE/SEMI Advanced Semiconductor
Manufacturing Conference and Workshop as |a[New York] :|bIEEE ;|aPiscataway,
N.J. :|bIEEE Operations Center,|c[2005].|c©2005. Finally, MARC field tag 505 in
Appendix C includes the individual titles of the separate works contained within
2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference and
Workshop. MARC field tag 505 denotes t2004 -the year of 90-nm: a review of 90
nm devices /[rDick James, which constitutes the James 2005 reference.

26. Based on the information set forth in Appendices A, B, and C
attached to this Declaration, standard library practices, and my experience as a
librarian, the 2005 IEEE/SEMI Advanced Semiconductor Manufacturing
Conference and Workshop print resource containing James 2005 was catalogued
by the North Carolina State University James B. Hunt Jr. Library on July 15, 2005.

27.  Accordingly, the 2005 IEEE/SEMI Advanced Semiconductor
Manufacturing Conference and Workshop print resource containing James 2005
would have subsequently been made available to the public within a few days of

being checked-in and catalogued. The interested public could have accessed the

12
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Declaration of Shauna L. Wiest

2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference and
Workshop print resource containing James 2005 by (i) searching the North
Carolina State Library catalog, visiting the James B. Hunt Jr. Library and searching
the stacks at Call Number TK7871.85 .125 2005; or (ii) by asking a Library staff
member and being directed to the print resource located in the James B. Hunt Jr.
Library at Call Number TK7871.85 .125 2005 within a few days of July 15, 2005.

IX. United States Copyright Office Records for James 2005

28.  Section IX of this Declaration relates to date of publication for the
United States Copyright Office records for James 2005.

29. Appendix D to this Declaration is true and accurate copy of the
United States Copyright Office public record for “2005 IEEE/SEMI advanced
semiconductor manufacturing conference and workshop” containing James
2005 with registration record number TX0006208233, which was retrieved
from https://cocatalog.loc.gov/cgi-
bin/Pwebrecon.cgi?Search_Arg=TX0006208233&Search_Code=REGS&PID=
g801-3IrGE_wj-nnCpu8EMX&SEQ=20250307134052&CNT=25&HIST=10n
March 7, 2025. Appendix D denotes a publication date of “2005-04-11,” or
April 11, 2005, and a date of creation of “2005.” It also denotes a copyright
registration date of June 24, 2005. In my professional opinion, Appendix D is

the official United States Copyright Office record for “2005 IEEE/SEMI

13
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Declaration of Shauna L. Wiest

advanced semiconductor manufacturing conference and workshop” containing
James 2005. | believe that the United States Copyright Office date of
publication for TX0006208233 as April 11, 2005, a copyright registration date
of June 24, 2005, with a date of creation noted as 2005, to be accurate, true,
and correct.

30. Appendix J to this Declaration is true and accurate copy of the
official United States Copyright Office Certificate of Registration for “2005
IEEE/SEMI Advanced semiconductor manufacturing conference and
workshop (05CH37654)” containing James 2005 with registration record
number TX6208233.

31. Appendix J denotes an effective date of registration for James
2005 as June 24, 2005 (including an application and two deposits received on
June 24, 2005) and the date and nation of first publication for James 2005 as
April 11, 2005 in the United States.

32. In my professional opinion, Appendix J is the official United
States Copyright Office Certificate of Registration for “2005 IEEE/SEMI
advanced semiconductor manufacturing conference and workshop
(05CH37654)” containing James 2005. | believe that the United States
Copyright Office effective date of registration of publication for TX6208233 as

June 24, 2005, and the date and nation of first publication for James 2005 as

14
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Declaration of Shauna L. Wiest

April 11, 2005 in the United States, to be accurate, true, and correct. The
general public could have accessed James 2005 by searching the United States
Copyright Office physical and/or online catalogs on or around July 1, 2005.

X.  IEEE Xplore Record for James 2005

33.  Section X of this Declaration relates to the date of public availability
for the following reference: D. James, “2004 - the year of 90-nm: a review of 90
nm devices,” in IEEE/SEMI Conference and Workshop on Advanced
Semiconductor Manufacturing, April 11-12, 2005, Munich, Germany, pages 72-76
(2005) (““James 2005”) retrieved from the IEEE Xplore online platform.

34. On March 7, 2025, | used Google Chrome to search for and navigate
to the IEEE.org website at https://www.ieee.org/, which is attached to my
Declaration as Appendix E. From Appendix E, | selected “IEEE Xplore Digital
Library” located on the black banner at the top of the page. This brought me to the
webpage for “IEEE Xplore Digital Library,” which is attached to my Declaration
as Appendix F. Please note: Appendix F often displays a Finnegan banner even
when | am signed out of the resource because Finnegan's access to IEEE Xplore is
authenticated based on IP address. Although logged out, the system still recognizes
the IP address from which | am accessing IEEE Xplore as belonging to Finnegan.

It is important to note that what the public sees (including the type of banner) when

15
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Declaration of Shauna L. Wiest

accessing IEEE Xplore will vary depending on their location and the conditions
under which they access the platform.

35. From Appendix F, | entered “2004 - the year of 90-nm: a review of
90 nm devices” in the search box, which resulted in the webpage
https://ieeexplore.ieee.org/search/searchresult.jsp?newsearch=true&queryText=%E
2%80%9C2004%20-%20the%20year%200f%2090-
nmM:%20a%20review%200f%2090%20nm%20devices%E2%80%9D, attached
here as Appendix G. From Appendix G, | clicked on the link for “2004 - the year
of 90-nm: a review of 90 nm devices,” which brought me to the page
https://ieeexplore.ieee.org/document/1438770, which is attached to my Declaration
as Appendix H.

36. Appendix H sets forth that the IEEE/SEMI Conference and
Workshop on Advanced Semiconductor Manufacturing 2005 containing James
2005 occurred on April 11-12, 2005, in Munich, Germany and was added to IEEE
Xplore on June 13, 2005.

37.  On March 7, 2025, from the website listed in Appendix H
(https://ieeexplore.ieee.org/document/1438770), | clicked on “PDF” and was taken
to a payment page to purchase a copy (“Purchase Now”) of “2004 - the year of 90-
nm: a review of 90 nm devices.” | used my credit card and paid the cost of the

article - $34.98. | next clicked on “View PDF” and was taken to a “Get PDF”

16
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Declaration of Shauna L. Wiest

viewer where | downloaded “2004 - the year of 90-nm: a review of 90 nm
devices,” which is attached to my Declaration as Appendix I. | compared
Appendix I with Appendix A and, except for formatting differences, they are the
same document.

38. Itis my professional opinion that members of the public could have
accessed the conference proceeding titled “IEEE/SEMI Conference and Workshop
on Advanced Semiconductor Manufacturing 2005 containing James 2005 by
either attending the conference in person during April 11-12, 2005 in Munich,
Germany, or by visiting the IEEE Xplore website using the steps above on or after
June 13, 2005.

XI.  Conclusion

39. Insigning this Declaration, | understand it will be filed as evidence
In a contested case before the Patent Trial and Appeal Board of the United
States Patent and Trademark Office. | understand | may be subject to cross-
examination in this case and that cross-examination will take place within the
United States. If cross-examination is required of me, | will appear for cross-
examination within the United States during the time allotted for cross-
examination.

40. | declare that all statements made herein of my knowledge are true,

that all statements made on information and belief are believed to be true, and that

17
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Declaration of Shauna L. Wiest

these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code.

Executed on March 10, 2025, in Palo Alto, California

/Shauwna L. Wiest/

Shauna L. Wiest

18
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ASMC 2005 proceedings : advancing semiconductor manufacturing excellence - NC State University Libraries Catalog

[ [ER VAV University Libraries

(https: W i ngsu e, . . .
ASMC 2005 proceedings : advancing semiconductor
manufacturing excellence

2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference and Workshop, 11-12 April, 2005, Munich, Germany.
IEEE/SEMI Advanced Semiconductor Manufacturing Conference and Workshop (2005 : Munich, Germany)
[New York] : IEEE ; Piscataway, N.J. : IEEE Operations Center, [2005] / Book / Print

Where to find it

Hunt Library & (T TPSs//WWW.l TBNCSULDUAHINTI TBRARY) — bookBot

Call Number

TK7871.85 .125 2005
(Browse Shelf),

Format
[E Book

Status
Available upon request
Request Item

Authors, etc.

= |EEE/SEMI Advanced Semiconductor Manufacturing_ Conference and Workshop (2005 : Munich, Germany),

(https:/catalog.lib.ncsu.edu/?

q=%22IEEE%2FSEMI+Advanced+Semiconductor+Manufacturing+Conference+and+Workshop+%282005+%3A+Munich%2C+Germany%29%
22&search_field=author)

Institute of Electrical and Electronics Engineers (https./catalog.lib.ncsu.edu/?

g=%22Institute+of+Electrical+and+Electronics+Engineers % 22&search_field=author)

= Semiconductor Equipment and Materials International (https./catalog.lib.ncsu.edu/?

29467&

IN

Contents

Non-damaging chemical photoresist strip process for Copper/low-k interconnects / Philip G. Clark and Kurt K. Christenson -
Polishing of bulk micro-machined substrates by fixed abrasive pads for smoothing and planarization of MEMS structures / Martin
Kulawski, Hannu Luoto, Kimmo Henttinen, Tommi Suni, Frauke Welmar and Jari Makinen - Advanced cryogenic aerosol cleaning :
application to damage free cleaning sensitive structured wafers / Jeff Lauerhaas, James F. Weygand and Greg P. Thomes - Etch
chamber condition-based process control model for shallow trench isolation trench depth control / Sreedhar Gaddam and Martin
W. Braun -

113
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New optical range inspection and improving optical response for spectroscopic-based endpoint detection / Giuseppe Fazio, Pietro
Petruzza and Alessandro Spandra - Adaptive sampling methodology for in-line defect inspection / Ali Bousetta and Andrew J.
Cross -- Impact of back side defects on FEOL processes and yield / Laura Pressley, Shirley Hardin, Kevin Harper, Brian Dunham, Dan
Sutton Travis Kirsch, Mike Allen Buster Klingemann, Teresa Mathews, Laurence Kohler, Chris Lansford, Terri Couteau, Bryon Hance,
John Darilek, Carolyn Cariss, Eric Apelgren, Rhonda Stanley, Joyce Witowski and Lisa Cheung -

Effective wafer inspection strategy for memory manufacturing foundries with inspiring HARI results / Luke Lin, Feng-Ming Kuo and
Terry Chen - Inline automated defect classification : a novel approach to defect management / David Pepper, Olivier Moreau and
Guillaume Hennion -- Edge and bevel automated defect inspection for 300mm production wafers in manufacturing / Jaime Morillo,
Thomas Houghton, Joseph M. Bauer, Randy Smith and Randy Shay -- Exposure tool for immersion lithography / Solchi Owa, Yuuki
Ishii and Kenichi Shiraishi - Exploring the capabilities of immersion lithography / Chris Mack and Jeffrey Byers -

Process-window sensitive full-chip inspection for design-to-silicon optimization in the sub wavelength era / MaryJane Brodsky,
Scott Halle, Vickie Jophlin-Gut, Lars Liebmann, Don Samuels, Gary Crispo, Kourosh Nafisi, Vijay Ramani and Ingrid Peterson -- 2004
-the year of 90-nm : a review of 90 nm devices / Dick James -- Next generation manufacturing execution system [MES] enabling
fully integrated fab automation in 300mm technology development and manufacturing / Chandra Mouli - Interface a prototyping
experiences - paving the way to e-manufacturing / Harvey Wohlwend and Steve Fulton —

Single wafer management systems and bare wafer storage as key to increased yield and productivity / Heinz Ritzmann - A
progressive strategy to achieving automated lot processing / Murali Krishna, Meena Baker, Ross Giddings and Chris Hunter - An
advanced methodology for the reporting of original adders for process tool defect monitoring / Timothy Zazado and Jeffrey R.
Bottin -- The case for a near real-time production scheduling in a highly automated semiconductor manufacturing environment /
Nirmal Govind and Bala lyer - Chamber cleaning process selection for the installed-base CVD tools / Franco Blundo, Manfredi
Alberghina, Marcello Frazzica, Gary Loh and Michael Mocella -

Comparison of three different methods to model the semiconductor manufacturing yield / Yoan Dupret, Erwan Perrin, Jean-Luc
Groller and Richard Kielbasa -- E-beam inspection of SO1 wafers for the evaluation of barrier nitride RIE etching / Alexander Ache,
Nicole Rowand and Kevin Wu - Effects of wafer bow and warpage on performance of electrostatic chucks in high volume
manufacturing / Piotr Kurkowski, Sergei Drizlikh, Roger Sawer, Heath Angis and Patrick Loisel - Embodiment of compact and high
performance HVIC process / C. K. Jeon, L. Kim, M. H. Kim, T. H. Kwon and J. J. Kim — EQ integrated process trending with TFM
monitoring for back end equipment / Thomas Rathgeber and Norbert Haueis -

Fault detection in reactive ion etching systems using one-class support vector machines / Tomas Sarmiento, Gary S. May and Sang
J. Hong - Improvement of film uniformity stability of PECVD silicon nitride deposition process by addition of fluorine removal to the
plasma clean sequence / Ailian Zhao, Joseph Bulger, Marc French, Leslie Green, William C. Harris, Timothy J. Hunt, Holly Lisy,
William Marchesseault and Richard Shuman -- Low-yield flier wafer analysis strategies / Brian Dunham, Travis D. Kirsch, Stuart
Litwin, Michael Covert, Daniel Garcia, Alex Bierwag and Kendall Holt -- Moisture effects on purifier/chemical filter materials / Daniel
Alvarez, Joseph Rotter and Troy Scoggins -

Reducing defectivity in 90nm BEOL metal CMP using a geometry-based segmented inspection strategy / Andrew Stamper and Wee
Teck Chia -- A reticle quality management strategy in wafer fabs addressing progressive mask defect growth problem at low k-1
lithography / Kaustuve Bhattacharyya, Mark Eickhoff, Michael Long, Mark Ma and Sylvia Pas -- Scanner influences on resolution
capabilities / Holly Magoon - Silicon carbide : barriers to manufacturable devices / Joseph Shovlin, Richard Woodin, Tony Witt, Gary
Dolny and Praveen Shenoy - SPC based in-line reticle monitoring on product wafers / Karsten Mai and Martin Tuckermann -

Thoughts on an automation concept for complex production process within a learning organization / Gerhard Luhn, Walter

29467&

Reithofer, Hans-Joachim Schmidt, Martin Peiter, Frank Boelstler and Thomas Lang -- Ultra short pulse laser meeting the
requirements for high speed and high quality dicing of low-k wafers / Jan Sillanpaa, Jarno Kangastupa, Arto Salokatve and Harry
Asonem -- Using TCAD for fast analysis of misprocessed wafers and yield excursions / Rainer Minixhofer and Dieter Rathei -- A
novel high speed and high voltage complimentary bipolar process using 1st base-poly silicon collector and SO1 technique / J. H.
Kim, S. H. Lee, H. J. Park, M. H. Choi, Dale Wedel and J. J. Kim -

IN

Integration of nickel silicide : minimizing defect generation during formation / John Foggiato and Woo Sik Yoo -- Critical challenges
in packaging MEMS devices / Robert Daweaux and Lakshmi Munukutla -- Use of surface sensitive analysis techniques for the study
of silicide process in power transistors : platinum silicide formation as an example / Daniel Kraft, Paul Ganitzer, Philip Kohler-Redlich
and Uwe Schelthauer - Stretching factory performance beyond world class, an organizational approach / Scott Lantz -- Operations
and product development : integrating methodologies for improved product success / Thomas Carbone -

2/3
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Hybrid manufacturing - lower cost access to DSM technology / Brett Williams and Mark Nelson - Exploring new design
architectures to reach time-to-market goals / Aki Fujimori and Ketan Joshi -- Measurement and reduction of critical area using
Voronoi diagrams / Daniel Maynard - Yield enhancement through fast statistical scan test analysis for digital logic / Hans Peter Erb,
Christian Burmer and Andreas Leininger -- MOS transistor mismatch modeling for high voltage CMOS processes / Werner Posch,
Gerhard Rappitsch and Georg Leonardelli -- Yield management practice by user designable YMS / Masayuki Inokuchi -

Enabling remote operations and cycle time reduction via automated lot-equipment assignments / Bala lyer, Joseph J. Concelman,
Thomas Jefferson, Robert A. Madson and Jason M. Trujillo - Integration of lot dispatching and AMHS control in a 300mm wafer
FAB / Dong-Seok Sun, No-Sik Park, Young-Joong Lee, Young-Chul Jang, Chung-Sam Ahn and Tae-Eog Lee - A systems approach to
evaluating the impact of technician training / Bob Simington -- Lot identification, lot location and information distribution using radio
frequency and ultrasonic signals / Hanspeter Fischer, Ralf Schrodel, Stefan Eisen and Markuis Dierkes

Find similar items

Browse shelf

By Topic

= Semiconductor industry > Congresses

= Semiconductors > Design and construction > Congresses

= Process control > Congresses

Other details

Variant Title:
Cover title: 2005 IEEE/SEMI Advanced Semiconductor
Manufacturing Conference and Workshop (ASMC)

Description:
viii, 282 pages : illustrations ; 28 cm

Genre or Form:

Published: Congresses
[New York] : IEEE ; Piscataway, N.J. : IEEE Operations Center, Conference papers and proceedings
[2005]
©2005 ISBN:
0780389964
Language:
English OCLC Number:
60939757
Notes:

"|EEE Catalog Number 05CH37654"--T.p. verso.
Includes bibliographical references and author index.

View MARC
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University Libraries Catalog

NC State Home (https:/www.ncsu.edu)

TR T:\ 1 Universidy Libearies

(_ff S wlib.posy edu, 005 2005072112451‘2,6 . .
'ASMC 2005 proeeedings= advancing semiconductor

020 |a0780389964
manufacturing exceflence
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2005 |EEE/SEMI Advanced Serfi@ondRICIST VEmBIfFES1#APY Toffference and Workshop, 11-12 April, 2005, Munich, Germany.
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IEEE/SEMI Advanced Semiconductog%gm%wg% Qg{bfggq%@ﬂq)v\@%gmp (2005 : Munich, Germany)
[New York] : [EEE ; Piscataway, M2t @ [EEFOQpraatiorns denter; [205hcineBeokcondRriat manu
facturing excellence /|c2005 IEEE/SEMI Advanced Semicon
ductor Manufacturing Conference and Workshop, 11-12 Apr
il, 2005, Munich, Germany.
24630 |aAdvancing semiconductor manufacturing excellence
Where tO ﬂnd |t 24614 |a2005 IEEE/SEMI Advanced Semiconductor Manufacturing C
onference and Workshop (ASMC)
264 1|a[New York] :|bIEEE ;|aPiscataway, N.J. :|bIEEE Operat

LEDUAHUNTL TBRARY) — bookBot

Hunt Library (&)

Call Number 300 |aviii, 282 pages :|billustrations ;|c28 cm
TK7871.85 38 zot%extlbtxtlzmacontent

aunmediated|bn|2rdamedia
(Browse Sheﬁ?)? l fbn
338 |avolume|bnc|2rdacarrier
Format
500 |a"IEEE Catalog Number @5CH37654"--T.p. verso.
@ Book 504 |aIncludes bibliographical references and author index.
Status 50500 |tNon-damaging chemical photoresist strip process for C
Available upon reqee@t/low-k interconnects /|rPhilip G. Clark and Kurt

R_equest ltem K. Christenson -- |tPolishing of bulk micro-machined su
bstrates by fixed abrasive pads for smoothing and plana
rization of MEMS structures /|rMartin Kulawski, Hannu L
uoto, Kimmo Henttinen, Tommi Suni, Frauke Welmar and Ja
ri Makinen -- |tAdvanced cryogenic aerosol cleaning : a
pplication to damage free cleaning sensitive structured

Authors, etc.

= |EEE/SEMI Advanced Semiconductor Manufacturing Conference and Workshop (2005 : Munich, Germany)

(https:/catalog.lib.ncsu.edu/?

G=%22|EEE%2FSEMI+Advanced+Semiconductor+Manufacturing+Conference+and+Workshop+%282005+%3A+Munich%2C+Germany %29%
2&search_field=author)

= |nstitute of Electrical and Electronics Engineers (https./catalog.lib.ncsu.edu/?

q=%22Institute+of+Electrical+and+Electronics+Engineers %22&search._field=author)

= Semiconductor Equipment and Materials International (https./catalog.lib.ncsu.edu/?

Contents

Non-damaging chemical photoresist strip process for Copper/low-k interconnects / Philip G. Clark and Kurt K. Christenson -
Polishing of bulk micro-machined substrates by fixed abrasive pads for smoothing and planarization of MEMS structures / Martin
Kulawski, Hannu Luoto, Kimmo Henttinen, Tommi Suni, Frauke Welmar and Jari Makinen -- Advanced cryogenic aerosol cleaning :
application to damage free cleaning sensitive structured wafers / Jeff Lauerhaas, James F. Weygand and Greg P. Thomes -- Etch
chamber condition-based process control model for shallow trench isolation trench depth control / Sreedhar Gaddam and Martin
W. Braun -
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New optical range inspection and improving optical response for spectroscopic-based endpoint detection / Giuseppe Fazio, Pietro

Petruzza and Alessandro Span| Ali Bousetta and Andrew J.

Cross -- Impact of back side d MARC for NCSU1850414 evin Harper, Brian Dunham, Dan
Sutton Travis Kirsch, Mike Alle brd, Terri Couteau, Bryon Hance,

John Darilek, Carolyn Cariss, Eric Apelgren, Rhonda Stanley, Joyce Witowski and Lisa Cheung —
000 10022cam a2200541Ia 4500

Effective wafer inspection stratedd@for feisory manufacturing foundries with inspiring HARI results / Luke Lin, Feng-Ming Kuo and
Terry Chen — Inline automated def@et C%@éﬁ’?&éﬁ%ﬁlé'ﬂovel approach to defect management / David Pepper, Olivier Moreau and
B 208,  Ose71sr2g052005nyua b 101 0ceng do ) . ) ) )
Guillaume Hennion -- Edge and bevel auI omated défectinspection fo mm production wafers in manufacturing / Jaime Morillo,
20780389964

Thomas Houghton, Joseph M. Bauer andXOSchn)nggggg Randy Shay -- Exposure tool for immersion lithography / Solchi Owa, Yuuki

Ishii and Kenichi Shiraishi - Explo&!ag tqe&%yfgblllileamgn §_r§|on lithography / Chris Mack and Jeffrey Byers -

eng|c

Process-window sensitive full- ch|p msplgctlon fo;dlebygzn -to- §|I|con oEt|m|zat|on in the sub wavelength era / MaryJane Brodsky,
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Scott Halle, Vickie Jophlin-Gut, Larf Lzleli)@mr}slgﬁn els Gary Crispo, Kourgsh Nafisi, Vijay Ramani and Ingrid Peterson - 2004

vanced ‘Semiconductor Manufacturing 'Co

-the year of 90-nm : a review of 90 nm dgvicesd Ricks/apasmdiexdenarrtigumayyfacturing execution system [MES] enabling
fully integrated fab automation inzaé@eantechekb gy developameiaanshmap Waaksiaget &haadra Mouli - Interface a prototyping
experiences - paving the way to e-manufaduning £Hakeyw/dhhrRaTd KRB/ ST Fuimed- Semicon

ductor Manufacturing Conference and Workshop, 11-12 Apr
Single wafer management systems and baf@evaflrsteradearkey to increased yield and productivity / Heinz Ritzmann - A
progressive strategy to achieving4GtfhEE 5t ProrBESIYY AT AR KARHHA Hfeste BYIEE Ross Giddings and Chris Hunter - An
advanced methodology for the rezp%;r ih'd eosrléfr%fSEgléers o"rcﬁ‘rjo%&émslsc £52 %fé)fﬂeglfanrﬁgan‘f%ﬁ%"gg/cﬁmothy Zazado and Jeffrey R.

. . onference and Workshop
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Nirmal Govind and Bala lyer -- Chamber; gleapingeprgegssmselection for the installed-base CVD tools / Franco Blundo, Manfredi
Alberghina, Marcello Frazzica, Gaggd oh|asebddichael Mocella -

300 |aviii, 282 pages :|billustrations ;|c28 cm
Comparison of three different meghpds|ta spedekiieserignductor manufacturing yield / Yoan Dupret, Erwan Perrin, Jean-Luc

Groller and Richard Kielbasa -- E-Beam inspectianeaf ©Q3rwatersfor the evaluation of barrier nitride RIE etching / Alexander Ache,
Nicole Rowand and Kevin Wu - E$figcts lafwiafer] bavizanabwatpage on performance of electrostatic chucks in high volume
manufacturing / Piotr Kurkowski,38@rgel DAERKI, Fetre Suwher, PRAEHT #ddis hd Patsek Loisel - Embodiment of compact and high
performance HVIC process / C. K¥®eorl A2 %1 A Kinar aid cRby B BRI <P ARINFUEEY intd8tated process trending with TFM
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hristenson - Polishing of bulk micro-machi
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ixed abrasive pads for ing a pl

J. Hong - Improvement of film uniformjt Zg@@#lyfq& ECYD silicon /W,g,ggtqulpﬁly/%kpr%g% by addition of fluorine removal to the
plasma clean sequence / Ailian Zhao, JesephdmgaieMaiadienchnt eslia GreaukWillam-Caddasgs, Timothy J. Hunt, Holly Lisy,

William Marchesseault and Richard Shurin#akineaw-yittddlierasdfenaaenisisetratdgds 7Brian Bunham, Travis D. Kirsch, Stuart
Litwin, Michael Covert, Daniel Garcia, ARK Highilg Sn 8 R&F & N19901t e8RS EFtEELS N PUFRTfer/chemical filter materials / Daniel

Alvarez, Joseph Rotter and Troy Scoggins -

Reducing defectivity in 90nm BEOL metal CMP using a geometry-based segmented inspection strategy / Andrew Stamper and Wee
Teck Chia -- A reticle quality management strategy in wafer fabs addressing progressive mask defect growth problem at low k-1
lithography / Kaustuve Bhattacharyya, Mark Eickhoff, Michael Long, Mark Ma and Sylvia Pas -- Scanner influences on resolution
capabilities / Holly Magoon - Silicon carbide : barriers to manufacturable devices / Joseph Shovlin, Richard Woodin, Tony Witt, Gary
Dolny and Praveen Shenoy -- SPC based in-line reticle monitoring on product wafers / Karsten Mai and Martin Tuckermann -

Thoughts on an automation concept for complex production process within a learning organization / Gerhard Luhn, Walter
Reithofer, Hans-Joachim Schmidt, Martin Peiter, Frank Boelstler and Thomas Lang -- Ultra short pulse laser meeting the
requirements for high speed and high quality dicing of low-k wafers / Jan Sillanpaa, Jarno Kangastupa, Arto Salokatve and Harry
Asonem -- Using TCAD for fast analysis of misprocessed wafers and yield excursions / Rainer Minixhofer and Dieter Rathei - A
novel high speed and high voltage complimentary bipolar process using 1st base-poly silicon collector and SO1 technique / J. H.
Kim, S. H. Lee, H. J. Park, M. H. Choi, Dale Wedel and J. J. Kim -

Integration of nickel silicide : minimizing defect generation during formation / John Foggiato and Woo Sik Yoo - Critical challenges
in packaging MEMS devices / Robert Daweaux and Lakshmi Munukutla -- Use of surface sensitive analysis techniques for the study
of silicide process in power transistors : platinum silicide formation as an example / Daniel Kraft, Paul Ganitzer, Philip Kohler-Redlich
and Uwe Schelthauer - Stretching factory performance beyond world class, an organizational approach / Scott Lantz -- Operations
and product development : integrating methodologies for improved product success / Thomas Carbone -
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architectures to reach time-to- ction of critical area using
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3/7/25, 10:44 AM WebVoyage Record View 1

Try the Copyright Public Records System (CPRS) pilot with enhanced
search features and filters.

Public Catalog

Copyright Catalog (1978 to present) at DC4
Search Request: Left Anchored Copyright Number = TX0006208233
Search Results: Displaying 1 of 1 entries

2005 IEEE/SEMI advanced semiconductor manufacturing conference and workshop.

Type of Work: Text
Registration Number / Date: TX0006208233 / 2005-06-24
Title: 2005 IEEE/SEMI advanced semiconductor manufacturing conference and workshop.
Copyright Claimant: IEEE
Date of Creation: 2005
Date of Publication: 2005-04-11
Authorship on Application: collective work: IEEE.
Copyright Note: Cataloged from appl. only.

Names: [EEE

| Save, Print and Email (Help Page) I

‘Select Download Format Full Record v [ Format for Print/Save ] ‘

IEnter your email address: [ Email ]l

Help Search History Titles Start Over

Copyright Office Home Page | Library of Congress Home Page

https://cocatalog.loc.gov/cgi-bin/Pwebrecon.cgi?Search_Arg=TX0006208233&Search_Code=REGS&PID=g80l-3IrGE_wj-nnCpu8EmMX&SEQ=202503... 11
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

Advancing Technology for Humanity

IEEE and its members inspire a global community through highly cited publications, conferences, technology standards, and
professional and educational activities, envisioning a sustainable future.

LEARN MORE (/ABOUT/AT-A-GLANCE.HTML)

Advancing Technology for Humanity

IEEE and its members inspire a global community through highly-cited publications, conferences, technology standards, and
professional and educational activities.

LEARN MORE (/ABOUT/AT-A-GLANCE.HTML)

Welcome, members!

https://www.ieee.org 119
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

Access member resources

Get connected

Explore what IEEE can offer you

Get involved

Enrich your experience with IEEE

The latest from IEEE

The IEEE and our members around the world support the global pursuit of peace.

Become an IEEE member today; save 50% on dues

(/membership/join/index.html?utm_source=dhtml_image&utm_medium=hp&utm_campaign=50-percent-dues&hp_pos=1)

With IEEE, you'll enjoy access to unparalleled resources, networking opportunities, and the collective knowledge of the world’s leading tech
professionals.

>Join today (/membership/join/index.html?utm_source=dhtml_text&utm_medium=hp&utm_campaign=50-percent-dues&hp_pos=1)

Henry Samueli named 2025 IEEE Medal of Honor Laureate

https://www.ieee.org 2/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(/about/news/2025/ieee-medal-of-honor-laureate.html?utm_source=dhtml_image&utm_medium=hp&utm_campaign=moh&hp_pos=2)

The first recipient of the newly increased $2 million prize revolutionized broadband communication and networking technologies.
>Read the press release (/about/news/2025/ieee-medal-of-honor-laureate.html?utm_source=dhtml_text&utm_medium=hp&utm_campaign=moh&hp_pos=2)

>Learn more about Henry Samueli’'s accomplishments (https://corporate-awards.ieee.org/ieee-medal-of-honor/?
utm_source=dhtml_text&utm_medium=hp&utm_campaign=moh&hp_pos=2)

IEEE New Initiatives Program is looking for bright ideas

https://www.ieee.org 3/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(/about/corporate/initiatives/initiatives-committee.html?utm_source=dhtm|_image&utm_medium=hp&utm_campaign=nic&hp_pos=3)

If you have an idea for a program, product, or service offering that can make a significant impact, please share your vision. The IEEE New Initiatives
Committee (NIC) program can provide seed funding or higher levels of funding for innovative ideas.

>Learn more (/about/corporate/initiatives/initiatives-committee.html?utm_source=dhtml_text&utm_medium=hp&utm_campaign=nic&hp_pos=3)

2025 IEEE International Conference on Robotics and Automation (ICRA)

https://www.ieee.org 4/19

TSMC Exhibit 1036, Page 48 of 84



3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(https://2025.ieee-icra.org/?utm_source=dhtml_image&utm_medium=hp&utm_campaign=icra2025&hp_pos=4)
ICRA brings together the world’s top researchers and industry leaders to share ideas, exchange knowledge, and advance the field of robotics for the
benefit of humanity. With a rapidly changing landscape, it has never been more important to attend this leading industry event.

>Register now (https://2025.ieee-icra.org/?utm_source=dhtml_text&utm_medium=hp&utm_campaign=icra2025&hp_pos=4)

>Search all IEEE conferences (https://conferences.ieee.org/conferences_events/conferences/search?
g=*&subsequent_qg=&date=all&from=&to=&region=all&country=all&pos=0&sortorder=desc&sponsor=&sponsor_type=all&state=all&field_of_interest=all&sortf
utm_source=dhtml_con_search&utm_medium=hp&utm_campaign=conferences-search-icra2025)

Celebrate IEEE Education Week

https://www.ieee.org 5/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(https://bit.ly/41xalL15%20?utm_source=dhtml_image&utm_medium=hp&utm_campaign=education-week&hp_pos=5)

Save the date for IEEE Education Week, April 6-12! Discover programs, events, and discounts.

>Learn more (https://bit.ly/41xaL15?utm_source=dhtml_text&utm_medium=hp&utm_campaign=education-week&hp_pos=5)

Kathleen Kramer, 2025 IEEE President & CEO

https://www.ieee.org 6/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

https://www.ieee.org 7119
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(https://www.linkedin.com/company/ieee/?utm_source=dhtml_text&utm_medium=hp&utm_campaign=kramer-socials-linkedin&hp_pos=2)

Follow Kathleen Kramer on social media to get updates from across IEEE, your professional home.

>X (https://x.com/IEEEorg?utm_source=dhtml_text&utm_medium=hp&utm_campaign=kramer-socials-x&hp_pos=2)
>Facebook (https://www.facebook.com/IEEE.org/?utm_source=dhtml_text&utm_medium=hp&utm_campaign=kramer-socials-fb&hp_pos=2)
>Instagram (https://www.instagram.com/ieeeorg/?utm_source=dhtml_text&utm_medium=hp&utm_campaign=kramer-socials-insta&hp_pos=2)

>LinkedIn (https://www.linkedin.com/company/ieee/?utm_source=dhtml_text&utm_medium=hp&utm_campaign=kramer-socials-linkedin&hp_pos=2)

IEEE Tech4Good project funding

(https://htb.ieee.org/funding-opportunities/tech4good/?utm_source=dhtml_image&utm_medium=hp&utm_campaign=tech4good&hp_pos=7)

>IEEE members can submit a Tech4Good project proposal to use technology to address a local challenge. Apply by 23 March. (https://htb.ieee.org/funding-
opportunities/tech4good/?utm_source=dhtml_text&utm_medium=hp&utm_campaign=tech4good&hp_pos=7)

New from IEEE Climate Change

https://www.ieee.org 8/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(https://climate-change.ieee.org/news/technological-innovation-for-climate-change/?

utm_source=whatshappening_image&utm_medium=hp&utm_campaign=climate-change&hp_pos=8)

>From predictive analytics to smart infrastructure, Al and ICT are playing critical roles in helping societies adapt to a changing climate (https://climate-
change.ieee.org/news/technological-innovation-for-climate-change/?utm_source=whatshappening_text&utm_medium=hp&utm_campaign=climate-
change&hp_pos=8)

Member discounts

https://www.ieee.org 9/19
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3/7/25, 10:56 AM |IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(/membership/discounts/index.html?utm_source=dhtml_image&utm_medium=hp&utm_campaign=member-discounts2021&hp_pos=9)
>See all discounts for IEEE members (/membership/discounts/index.html?utm_source=dhtml_text&utm_medium=hp&utm_campaign=member-
discounts2021&hp_pos=9)

Newsroom

https://www.ieee.org 10/19
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3/7/25, 10:56 AM |IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(/about/news/index.html?utm_source=whatshappening_image&utm_medium=hp&utm_campaign=newsroom&hp_pos=10)
>Read the latest in the IEEE newsroom (/about/news/index.html?
utm_source=whatshappening_text&utm_medium=hp&utm_campaign=newsroom&hp_pos=10)

IEEE Spectrum

https://www.ieee.org 11/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(https://spectrum.ieee.org/ev-charging-2671242103?utm_source=dhtml_image&utm_medium=hp&utm_campaign=sp-ev-charge&hp_pos=11)
>Find out why you're charging your car wrong (https://spectrum.ieee.org/ev-charging-26712421037?
utm_source=dhtml_text&utm_medium=hp&utm_campaign=sp-ev-charge&hp_pos=11)

The Institute

https://www.ieee.org 12/19
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3/7/25, 10:56 AM IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(https://spectrum.ieee.org/ai-expert-meta-video-recommendations?utm_source=dhtml_image&utm_medium=hp&utm_campaign=ti-dharwadker&hp_pos=12)
>Learn how this Al expert engineered Meta’s video recommendations (https://spectrum.ieee.org/ai-expert-meta-video-recommendations?
utm_source=dhtml_text&utm_medium=hp&utm_campaign=ti-dharwadker&hp_pos=12)

IEEE Societies

https://www.ieee.org 13/19
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3/7/25, 10:56 AM |IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.

(/communities/societies/index.html?utm_source=whatshappening_image&utm_medium=hp&utm_campaign=societies&hp_pos=13)
>Stay current, network, and invest in your career with IEEE Societies (/communities/societies/index.html?
utm_source=whatshappening_text&utm_medium=hp&utm_campaign=societies&hp_pos=13)

IEEE is your professional home

https://www.ieee.org 14/19
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3/7/25, 10:56 AM |IEEE - The world's largest technical professional organization dedicated to advancing technology for the benefit of humanity.
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2004 — The Year of 90-nm: A Review of 90 nm Devices

Dick James
Chipworks Inc.
3685 Richmond Road, Ottawa, Ontario, Canada K2H 5B7
(email: djames@chipworks.com)

Abstract

The year 2004 saw the introduction of the first 90-nm
process node devices into the marketplace. This node is
notable not only for the expected reduction in feature sizes,
but also for the more general adoption of low-k dielectric
layers, and the first use of nickel silicide and strained
silicon.

Chipworks, as a supplier of competitive intelligence to the
semiconductor and electronics industries, monitors the
evolution of chip processes as they come into commercial
production. Chipworks has obtained parts from leading
edge manufacturers, and performed structural analyses to
examine the features and manufacturing processes of the
devices.

The paper shows how “90nm” has been interpreted by
various vendors, details the physical transistor structures
we have analyzed, and comments on the introduction of
strain into CMOS processing.

INTRODUCTION — WHAT IS 90 NM?

We continually see parts labeled as “130 nm” or “90 nm”.
To the uninitiated, this must seem to be some form of code,
but it is actually just industry jargon for a process
generation or ‘node’.

The 1994 NTRS (National Technology Roadmap for

Semiconductors) predicted a minimum feature size of 130
nm in 2004, with a 90 nm feature size in 2008. It is a
reflection of the frenetic pace of process development that
we are currently seeing feature sizes of less than 50 nm,
and metal pitches ~230 nm.

Table 1 shows a comparison of the metal 1 half-pitch and
minimum gate dimensions that we found in the samples
analyzed by Chipworks. As can be seen, no manufacturer
meets the actual ITRS numbers — Intel is closest in M1
dimensions, and Fujitsu the closest in gate length.

90-NM TRANSISTORS

Sony/Toshiba CXD9797GB from Sony PSX

Toshiba was the first off the mark in January, with the Sony
PSX chip, which combined the Sony graphics synthesizer
with their Emotion Engine™ on one die. The process used
five layers of copper + one aluminium, two low-k layers at
metal 2 and metal 3 (M2 and M3), and a 45 nm minimum
gate.

Figure 1 shows a SEM image of NMOS transistors stained
to show the source/drains. Figure 2 is a TEM image; the
structure of the sidewall spacers can be seen. In essence,
this seems to be a dimensional shrink from the previous
generation.

Table I. Comparison of Published and Found Dimensions with ITRS 2003 Dimensions for the 90nm Node

Metal 1 Half-Pitch (nm) Minimum Gate Length (nm)
Published Found Published Found

ITRS 2003 (MPU/ASIC) 107 37

Sony/Toshiba 120 130 65 45
Texas Instruments 165 165 52 47
Intel 110 120 50 45
IBM 158 135 46 45
UMC (Xilinx) 240 240 70 55
TSMC (Altera) 120 125 59 55
Fujitsu (Transmeta) 140 145 40 40
AMD N/A 130 N/A 49

0-7803-8996-1/05/$20.00 ©IEEE 1 2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference
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Figure 4. TEM Electron Diffraction Image of Ti
Transistor Channel Region (Inset — Intel
Figure 1. SEM Cross-Section of NMOS Transistors in Prescott, <110> Channel Direction)
Sony PSX

Texas Instruments TMX320C6416T 1 GHz DSP

The TI DSP is a 7-metal part, with low-k at M1 — M4. The
transistor again appears to be a shrink down to a 47 nm gate
length, with a nitride liner on the side of the gate electrode.
Figure 3 is a TEM image of the transistor cross-section.

The distinguishing feature of the TI process revealed itself
in an electron diffraction image (Figure 4). This showed
that the channel was oriented in the <100> direction,
compared with the more normal <110> direction. This
orientation gives higher PMOS mobility.

Intel Prescott

Intel first announced their 90-nm P1262 process in March
2002. Process details such as the use of strained silicon and
nickel silicide were given later in the year and at the 2002
IEDM [1], and at IEDM 2003 Intel showed the different
strain techniques for NMOS and PMOS transistors [2]. The
Prescott die analysed by Chipworks had seven metal levels,
with five low-k layers at M2 — M7.

An NMOS transistor is imaged in Figure 5. Localized
tensile stress is applied to the channels of NMOS devices
5 by a highly stressed nitride sealant layer, in undercut
BT 4 regions under the edges of the sidewall spacers. This
increases electron mobility by ~10%. The gate oxide
thickness is ~1.3 nm.

The PMOS transistors (Figure 6) use epitaxial SiGe
source/drains to create compressive stress — this improves
hole mobility by as much as 50%. The substrate is etched
out in the source/drain regions, and local epi-SiGe (~17%
73 Ge) is deposited into the cavities. Crystalline facets form
raised source/drains, reducing the series resistance. The
tensile stress from the nitride layer is counteracted by the
compressive effect.

SO el The strain has induced dislocations at the SiGe/Si interface.
Figure 3. Transistor in TI DSP The SiGe was likely in-situ boron-doped, and also
' implanted with the polysilicon gate implant. The boron

2 2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference
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Stressed nitride
layer

/

Figure 5. NMOS Transistor in Intel Prescott

Figure 6. Intel PMOS Transistor

out-diffuses from the SiGe into the silicon to neutralize the
potential leakage caused by the dislocations. Nickel
silicide was chosen because it consumes less silicon and
forms at a lower temperature, making it more compatible
with the SiGe.

Figure 7 is a longitudinal section of a PMOS source/drain,
clearly showing a stacking fault extending from the
epitaxial interface to the silicide layer.

IBM PowerPC PC970FX

The IBM PowerPC is built on a 45 nm-thick SOI layer,
with a 45 nm gate length with a 1.5 nm gate oxide
thickness. The part has ten metal levels with a hybrid
FSG/USG dielectric structure.

IBM had stated that the part would use strain technology,
and press reports in the spring of 2004 speculated that the
“Strained Silicon Directly on Insulator” (SSDOI)
technique, which was announced at IEDM 2003 [3], would
be used.

The device appears to use a stressed nitride layer to

Figure 7. Longitudinal Section of Intel PMOS
Source/Drain

Stressed nitride
layer

}

Fiaure 8. NMOS Transistor in IBM PPC970FX

Figure 9. PMOS Transistor in IBM PPC970FX

enhance the NMOS transistors. Figure 8 is a TEM image
of a NMOS transistor, and it can be seen that the sidewall
spacers are very slim, and it is only ~20 nm from the gate
edge to the cobalt silicide of the source/drain. Comparison
with a PMOS transistor (Figure 9) illustrates that the

3 2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference
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(a)

(b)

(c)

Figure 10. Transistors in (a) Xilinx Spartan-3, (b) Altera Stratix-ll, (c) Transmeta Efficeon-2

NMOS spacers have indeed been etched back in order to
reduce series resistance, and place the stressed nitride layer
closer to the gate edge. Electron diffraction studies on the
SOI body confirmed <110>-channel orientation, and there
was no indication of a SSDOI substrate. The IEDM
SSDOI paper indicated that ~1.5% lattice distortion was
required to give useful mobility enhancement.

It is interesting to note that at IEDM 2004, IBM and AMD
presented a joint paper [4] on “dual stress liner”
technology, which uses stressed nitride layers optimized to
apply tensile stress to NMOS transistors, and compressive
stress to PMOS devices.

This technique is to be integrated into 90-nm product in the
first half of 2005. There was no mention of the use of
SSDOI substrates.

UMC (Xilinx Spartan-3)

The Xilinx part was the first 90-nm part from a pure
foundry analyzed by Chipworks. The transistor structure
was very similar to the 130-nm node device, with the gate
shrunk to 55 nm (Figure 10(a)). The gate length was
smaller that the UMC-published value of 70 nm, but in
other respects the part was manufactured using a more
conservative process; FSG was used as the inter-metal
dielectric, with seven copper + one aluminium metal levels
(although UMC states that low-k dielectrics are available as
an option).

There does not appear to be any use of strain to enhance
mobility — the nitride layer is thinner that those used in
strained devices, and there seems to be no structural
changes to move the nitride contact zone closer to the gate
edge. However, the gate edge/silicide distance is a
respectably small 45 —50 nm.

TSMC (Altera Stratix™-II)

The other major foundry to launch a 90nm process in 2004
was TSMC. The product analyzed by Chipworks was the
Altera Stratix™-II FPGA. This displayed a gate length of
55 nm, similar to UMC, although closer to the published 59

nm physical gate length of the Nexsys™ process. This is
another ten-metal part (9 Cu + 1 Al), using low-k at M1 _
M6.

The transistor structure (Figure 10(b)) is not a direct shrink
from the 130nm node; it has been modified to change the
sidewall spacer structure from the typical L-shaped spacer
of previous process generations. Again, the nitride layer
appears to be too thin to be used as a stress layer for
mobility enhancement. Gate/silicide spacing is ~55 nm.

The other major feature of the TSMC 90-nm process is its
evolution towards a second-generation low-k dielectric
process — the trench and via etching are noticeably cleaner
than at the 130-nm node, and the cap layer has changed to a
SiCO (rather than SiCN) composition.

Fujitsu (Transmeta Efficeon-2)

Transmeta announced shipment of its Efficeon-2 in
September, fabricated by Fujitsu at their Akiruno Advanced
Technology Center. This part also seems to use a strained
nitride layer. Figure 10(c) displays what is becoming a
characteristically thick nitride sealant layer, which
combined with the heavily etched sidewall spacers, leads us
to conclude that nitride stress is being used.

Fujitsu had announced the use of nitride strain for the 65-
nm node at VLSI 2003 and 2004 [5][6], and they seem to
have used the technique in their nominal 90-nm process.
Given that the gate length is an impressively small 40 nm,
and the gate length for the 65-nm process is quoted at 35
nm, this part could be regarded as an interim step to 65-nm.
(They also published a dual-stress process at [IEDM ‘04 [7])

In addition, electron diffraction shows that the channels are
oriented in the <100> direction, so Fujitsu is the first
manufacturer to combine channel re-orientation and strain
to optimise mobility.

The dielectric layers are also advanced, using Novellus
Coral low-k (not SiLK!) with SiCO copper-cap and etch-
stop layers at M1 — M5. It is an eight-metal part, again
with a top aluminium layer.

4 2005 IEEE/SEMI Advanced Semiconductor Manufacturing Conference
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AMD Athlon 64 Mobile

AMD continued their use of “double spacer” technology at
the 90-nm node, with a gate shrink to ~50 nm. The NMOS
device (Figure 11) consistently has dislocations under the
inner spacer, presumably caused by the drain extension
implant. These do not appear in the PMOS transistors
(Figure 12), which likely have a different amorphisation
implant to fix the drain extension.

There is no evidence of either nitride strain or substrate
strain in this part; the nitride is relatively thick, and the
double spacer places the contact zone further from the gate.
The joint AMD/IBM “dual stress liner” paper [4] showed
an Athlon fabricated with the technique, and announced
production in 2005.

AMD have also evolved their interconnect structure for the
90-nm node, compared with the 130 nm; the metallisation
(9 Cu + 1 Al) is now predominantly dual-damascene,
although whilst the dielectric structure is still a hybrid low-
k/FSG.

SUMMARY AND DISCUSSION

We have seen eight examples of 90-nm processes in this
review, with transistor gate lengths ranging from 40 — 55
nm. Intel, IBM, and Fujitsu have introduced strain for
mobility enhancement, and notably Intel has taken the extra
steps of embedded SiGe strain for PMOS, and nickel
silicide. Texas Instruments and Fujitsu have also used re-
orientation of the substrates to improve mobility.

It appears that 90-nm is the node at which strained silicon
is coming into production, although not by using epitaxially
strained substrates. The strain method of choice has been
localised uni-axial strain, as opposed to the bi-axial strain
created by strained SiGe layers.

It is perhaps ironic that stress in silicon nitride layers, a
problem in previous process generations, has now been
harnessed to apply strain. So far, it has been used only to
provide tensile stress to enhance NMOS performance (at
least in the three examples we have shown), but the dual-
stress approach announced by IBM/AMD and Fujitsu
indicates that the layer can also be tuned to provide
compressive stress to improve hole mobility for PMOS
devices. This technique has the noteworthy convenience
that it can be accomplished by process tuning, and involves
no extra cost for either capital equipment or special
substrates.

It remains to be seen if the embedded SiGe approach used
by Intel will become the dominant method of applying
compressive stress for PMOS. Texas Instruments has
indicated that it will be using local SiGe strain and nickel
silicide in its 65-nm process [8], so Intel will not be alone.

All in all, 2004 was an important year in CMOS process
evolution, with significant developments in transistor
engineering, and further improvement in low-k dielectric
usage. We will see what 2005 brings!

Figure 11. NMOS Transistor in AMD Athlon

Figure 12. PMOS Transistor in AMD Athlon
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