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Keynote Presentation
Tuesday 29 September 2015 · 8:20 to 9:00 am 
Location: Steinbeck Forum

Lithography and Mask 
Challenges at the Leading Edge 
Harry J. Levinson  
Senior Director, GLOBALFOUNDRIES Inc. 

Continued scaling using multiple patterning is resulting 
in large increases in mask counts. Mask defect inspection times are 
increasing much faster than write times. Pushing optical lithography to 
its limits necessitates exceedingly tight mask-making process control. 
The use of EUV lithography introduces many new technical challenges 
associated with a mask architecture very different from optical masks. 
Because of higher resolution, smaller defects and LER at higher spatial 
frequencies print with EUV lithography than with optical lithography.

Dr. Levinson spent most of his career working in the field of lithography, 
starting at AMD. He then spent some time at Sierra Semiconductor and 
IBM before returning to AMD – now GLOBALFOUNDRIES – in 1994. 
During the course of his career, Dr. Levinson has applied lithography 
to many different technologies, including bipolar memories, 64Mb and 
256Mb DRAM development, the manufacturing of applications-specific 
integrated circuits, thin film heads for magnetic recording, flash memories 
and advanced logic. He was one of the first users of 5× steppers in Silicon 
Valley and was an early participant in 248 nm and 193 nm lithography.
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Tuesday 
29 September.
Tuesday Lunch
12:30 to 2:00 pm · Location: Marriott, San Carlos Ballroom
Buffet style lunches are served Tuesday, Wednesday, and Thursday. Admission 
is included with your paid Photomask Registration. Extra guest tickets may be 
purchased at the SPIE Registration Desk.

Poster Viewing
10:00 am to 4:00 pm and 6:00 to 7:30 pm 
Location: Exhibition Hall, Serra Grand Ballroom
Poster authors may set up their poster papers between 10:00 am and  
4:00 pm on Tuesday and wi l l  leave them up unt i l  Wednesday  
afternoon. Authors will be present during the Poster Reception 6:00 to 7:30 
pm Tuesday to answer questions and provide in-depth discussion regarding 
their papers.

Poster/Exhibition Reception
6:00 to 7:30 pm · Location: Exhibition Hall, Serra Grand Ballroom
Symposium attendees are 
invited to attend the Post-
er/Exhibition Reception 
on Tuesday evening in the 
Serra Grand Ballroom. The 
reception provides an op-
portunity for attendees 
to meet with colleagues, 
network, view poster pa-
pers and interact with the 
authors, and visit the ex-
hibition. Refreshments will 
be served. 

Attendees are requested to wear their conference registration badges.

3
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Wednesday 
30 September.
Poster Viewing
10:00 am to 3:00 pm  
Location: Exhibition Hall, Serra Grand Ballroom
Poster authors may set up their poster papers between 10:00 am and  
4:00 pm on Tuesday and wi l l  leave them up unt i l  Wednesday  
afternoon. Authors will be present during the Poster Reception 6:00 to 7:30 
pm Tuesday to answer questions and provide in-depth discussion regarding 
their papers.

Wednesday Lunch
12:00 to 1:30 pm · Location: Marriott, San Carlos Ballroom
Buffet style lunches are served Tuesday, Wednesday, and Thursday. Admission 
is included with your paid Photomask Registration. Extra guest tickets may be 
purchased at the SPIE Registration Desk.

Photomask Reception
Don’t Miss the Photomask Reception
6:00 to 8:00 pm · Marriott, San Carlos Ballroom
Make plans to join your colleagues and friends at the annual Photomask Re-
ception. This year’s event focuses on good food, beverages, and plenty of time 
to socialize or talk business with fellow 
conference attendees. Awards, enter-
tainment, and other presentations will 
be included in the evening. 

Admission is included with your paid 
Photomask registration. Extra guest 
tickets may be purchased at the SPIE 
Registration Desk onsite.

BEER/WINE SPONSOR

SPECIAL EVENTS
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Thursday 
1 October.

PANEL DISCUSSION
10:30 am to 12:30 pm · Location: Steinbeck Forum

EUV Mask Readiness: Where Are We?
Moderators: Bryan S. Kasprowicz, Photronics, Inc. and  
Naoya Hayashi, Dai Nippon Printing Co., Ltd. 

Panelists: Laurent Tuo, Taiwan Semiconductor Manufacturing Co. Ltd.;  
Jeff Farnsworth, Intel Corp.; Peter D. Buck, Mentor Graphics Corp.;  
Emily E. Gallagher, IMEC; Jan Hendrik Peters, Carl Zeiss SMT GmbH;  
Yalin Xiong, KLA-Tencor Corp.; Takahiro Onoue, HOYA Corp. 

What mask challenges currently exist to introduce EUV into manufacturing? 
Which are show-stoppers? What are the work arounds while solutions are 
being developed?

Thursday Lunch
12:30 to 2:00 pm · Location: Marriott, San Carlos Ballroom
Buffet style lunches are served Tuesday, Wednesday, and Thursday. Admission 
is included with your paid Photomask Registration. Extra guest tickets may be 
purchased at the SPIE Registration Desk.

SPECIAL EVENTS
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Don’t miss the 2015 Photomask award presentations 
honoring the best in optics and photonics for their 
significant achievements and contributions. 

APHOTOMASK 
AWARDS•
Location: Steinbeck Forum

AWARDS

•
S P I E .O R G /A WA RD

S
•

TUESDAY 29 SEPTEMBER

8:15 to 8:20 am
PRESENTATION OF THE 
2015 BACUS Scholarship
AWARDED TO
You-Owe (Henry) Wang 
Univ. of California at Berkeley

Photomask Japan 
Best Paper Award
Winner will be awarded $1500 
toward travel support.

SPONSORED BY

4:00 to 5:40 pm
NEW STUDENT SESSION

Photronics Best 
BACUS Student Paper 
Finalists Awards
$500 will be awarded to 4 student 
papers. The top paper will receive 
$1000. 

SPONSORED BY

WEDNESDAY 30 SEPTEMBER

6:00 to 8:00 pm
ANNOUNCED AT THE  
PHOTOMASK RECEPTION

BACUS Lifetime 
Achievement Award
This award recognizes an individual 
who has, through inventions or other 
activities over the course of their 
career, made a significant impact on 
the technology of mask making.

ZEISS Award
“In Memorium of  

Dr. Oliver Kienzle” 
The ZEISS Award recognizes talents 
in the Photomask Industry (2015). 
Winner will be awarded $1500.

SPONSORED BY
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The SPIE Photomask Technology 
Exhibition, the mask-making 
industry’s premier event. 

E.
EXHIBITION

Tuesday 29 September 
10:00 am to 4:00 pm

Wednesday 30 September 
10:00 am to 4:00 pm

STAY UP TO DATE ON 
INDUSTRY TRENDS. SEE 
THE LATEST IN: 

WALK THE FLOOR TO 
MEET KEY SUPPLIERS.

· Mask Making 
· Mask Application  
· Emerging Mask Technologies 
· Mask Business
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THANKS TO THIS YEAR’S CONTRIBUTING SPONSORS

PROMOTIONAL PARTNER
Solid State Technology
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PHOTOMASK DAILY EVENT SCHEDULE

TUESDAY
29 September 

WEDNESDAY
30 September

THURSDAY
1 October

MORNING SESSIONS

Opening Remarks and 
Award Presentation, 
Session Chairs: Naoya 
Hayashi,  Bryan S. 
Kasprowicz, Michael T. 
Postek, 8:15 to 8:20 am

SESSION 1:  
Keynote Session  
8:20 to 9:00 am

KEYNOTE 
PRESENTATION 
Lithography and Mask 
Challenges at the 
Leading Edge,  
Harry J. Levinson

SESSION 6:  
Scanning Beam 
Technologies and 
Applications: 
Joint Session with 
Photomask and 
Scanning Microscopies  
8:30 to 10:10 am, 
(Session Chairs: 
Michael T. Postek, Jan 
Hendrik Peters)

SESSION 10:  
Invited and Best 
Papers,  
8:30 to 9:40 am (Ses-
sion Chairs:  
Uwe F. W. Behringer, 
Brian J. Grenon)

SESSION 2:  
Invited Session: 
Joint Session 
with Photomask 
and Scanning 
Microscopies, 9:00 to 
10:30 am

COFFEE BREAK,  
10:30 to 11:00 am

COFFEE BREAK,  
10:10 to 10:40 am

COFFEE BREAK,  
10:00 to 10:30 am

SESSION 3: Edge 
Placement Error Issue 
and Solutionfor Multi-
Patterning, 11:00 am 
to 12:30 pm (Session 
Chairs: Peter D. Buck, 
Aki Fujimura)

SESSION 7:  
EUV Simulation, 
10:40 am to 12:00 pm 
(Session Chairs: Paul C. 
Allen, Banqiu Wu)

PANEL DISCUSSION:  
EUV Mask Readiness: 
Where are we?  
10:30 am to 12:30 pm, 
Moderators: Bryan S. 
Kasprowicz, Naoya 
Hayashi

= Co-located Sessions with SPIE Scanning Microscopies 2015.
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PHOTOMASK DAILY EVENT SCHEDULE

TUESDAY
29 September 

WEDNESDAY
30 September

THURSDAY
1 October

LUNCH · Buffet lunches are served Tuesday and Thursday - 12:30 to 2:00 
pm, Wednesday - 12:00 to 1:30 pm. Admission is included with your paid 
Photomask registration. Extra guest tickets may be purchased at the SPIE 
registration desk onsite.

AFTERNOON SESSIONS

SESSION 4:  
EUV Mask 
Infrastructure 
Readiness, 2:00 to 
3:30 pm (Session 
Chairs: Emily E. 
Gallagher, Thomas B. 
Faure)

SESSION 8:  
Photomask 
Technology 
for Alternative 
Lithography: NIL, 1:30 
to 3:20 pm (Session 
Chairs: Douglas J. 
Resnick,  
Uwe Dietze)

SESSION 11:  
Metrology and  
Inspection,  
2:00 to 3:20 pm  
(Session Chairs: Mark 
M. Wylie, Mark T. Jee)

COFFEE BREAK,   
3:30 to 4:00 pm

COFFEE BREAK,   
3:20 to 3:50 pm

COFFEE BREAK,   
3:20 to 3:50 pm

SESSION 5:  
Student Session, 4:00 
to 6:00 pm (Session 
Chairs: Bryan S. 
Kasprowicz, Jim N. 
Wiley)

SESSION 9:  
Mask Data 
Preparation and Mask 
Process Correction, 
3:50 to 5:10 pm 
(Session Chairs: Bala 
Thumma, Linyong 
Pang)

SESSION 12:  
Patterning and 
Process,  
3:50 to 5:30 pm 
(Session Chairs: 
Kenichi Saito, Russell 
B. Cinque)

EXHIBITION · 10:00 am TO 4:00 pm

POSTER/EXHIBITION 
RECEPTION 
6:00 to 7:30 pm

PHOTOMASK  
RECEPTION

6:00 to 8:00 pm

One ticket included with 
your Photomask  
registration

DOWNLOAD THE  
SPIE CONFERENCE APP
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CONFERENCE 9635

Tuesday–Thursday 29 September–1 October 2015
Proceedings of SPIE Vol. 9635

Photomask 
Technology 2015
Conference Chair: Naoya Hayashi, Dai Nippon Printing Co., Ltd. 
(Japan) 

Conference Co-Chair: Bryan S. Kasprowicz, Photronics, Inc. 
(USA)

Program Committee: Frank E. Abboud, Intel Corp. (USA);  
Paul W. Ackmann, GLOBALFOUNDRIES Inc. (USA);  
Lucien Bouchard, Photronics, Inc. (USA); Ron R. Bozak, 
RAVE LLC (USA); Russell B. Cinque, JEOL USA Inc. (USA); 
Uwe Dietze, SUSS MicroTec Inc. (USA); Aki Fujimura, D2S, 
Inc. (USA); Emily E. Gallagher, IMEC (USA); Rik Jonckheere, 
IMEC (Belgium); Byung Gook Kim, SAMSUNG Electronics Co., 
Ltd. (Korea, Republic of); Shy-Jay Lin, Taiwan Semiconductor 
Manufacturing Co. Ltd. (Taiwan); Pawitter J. Mangat, 
GLOBALFOUNDRIES Inc. (USA); M. Warren Montgomery, SUNY 
College of Nanoscale Science and Engineering (USA); Linyong 
Pang, D2S, Inc. (USA); Kenichi Saito, NuFlare Technology, 
Inc. (Japan); Thomas Scherübl, Carl Zeiss SMT GmbH 
(Germany); Steffen F. Schulze, Mentor Graphics Corp. (USA); 
Anna Tchikoulaeva, Lasertec U.S.A., Inc. Zweigniederlassung 
Deutschland (Germany); Banqiu Wu, Applied Materials, Inc. 
(USA); Stefan Wurm, SEMATECH Inc. (USA); Mark M. Wylie, 
KLA-Tencor Idaho (USA) 

LOCATION: STEINBECK FORUM
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TUESDAY 29 SEPTEMBER
OPENING REMARKS AND AWARD PRESENTATION

Location: Steinbeck Forum  . . . . . . . . . . . . . 8:15 am to 8:20 am

Session Chairs: Naoya Hayashi, Dai Nippon Printing Co., Ltd. (Japan); 
Bryan S. Kasprowicz, Photronics, Inc. (USA)

 2015 BACUS Scholarship Award
 Presented to

 Yow-Gwo (Henry) Wang 
Univ. of California at Berkeley

KEYNOTE SESSION  1
Location: Steinbeck Forum  . . . . . . . .Tue 8:20 am to 9:00 am

Session Chairs: Naoya Hayashi, Dai Nippon Printing Co., Ltd. (Japan); 
Bryan S. Kasprowicz, Photronics, Inc. (USA)

Lithography and Mask  
Challenges at the Leading Edge 

 Harry J. Levinson, Senior Director  
GLOBALFOUNDRIES Inc.

LOCATION: STEINBECK FORUM
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SESSION  2
Location: Steinbeck Forum  . . . . . . . . Tue 9:00 am to 10:30 am

Invited Session
Joint with Photomask and Scanning Microscopies

Session Chairs: Naoya Hayashi, Dai Nippon Printing Co., Ltd. (Japan); 
Bryan S. Kasprowicz, Photronics, Inc. (USA); Michael T. Postek, National 

Institute of Standards and Technology (USA)

9:00 am: EUV lithography scanner and mask optimization for sub-8nm 
resolution (Invited Paper), Jan van Schoot, Koen van Ingen Schenau, Kars 
Troost, ASML Netherlands B.V. (Netherlands); John D. Zimmerman, ASML 
(USA); Sascha Migura, Jens Timo Neumann, Bernhard Kneer, Winfried 
Kaiser, Carl Zeiss SMT GmbH (Germany) . . . . . . . . . . . . . . . . . . . . . [9635-2]

9:30 am: Advances in FIB ex situ lift out specimen preparation  
(Invited Paper), Lucille A. Giannuzzi, EXpressLO LLC (USA) . . . . . . . [9636-2]

10:00 am: How to make EUV work! (Invited Paper), Hermann Gerlinger, 
Carl Zeiss SMT GmbH (Germany) . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-3]

Coffee Break . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Tue 10:30 am to 11:00 am

SESSION  3
Location: Steinbeck Forum  . . . . . . . Tue 11:00 am to 12:30 pm

Edge Placement Error Issue and Solution for 
Multi-Patterning

Session Chairs: Peter D. Buck, Mentor Graphics Corp. (USA);  
Aki Fujimura, D2S, Inc. (USA)

11:00 am: Expanded view of characterization and mitigation of edge 
placement errors in full-chip computational lithography (Invited Paper), 
John L. Sturtevant, Rachit Gupta, Shumay Shang, Vladislav Liubich,  
James Word, Ahmed Seoud, Mentor Graphics Corp. (USA)  . . . . . . [9635-4]

11:30 am: Accurate mask registration on tilted lines for 6F2 DRAM 
manufacturing, K.D. Roeth, KLA Tencor MIE GmbH (Germany);  
Youngmo Lee, Sangpyo Kim, Donggyu Yim, Wonseok Choi, SK Hynix, Inc. 
(Korea, Republic of); Frank Laske, Michael Ferber, KLA Tencor MIE GmbH 
(Germany); Mehdi Daneshpanah, KLA Tencor Inc (USA); Eric Kwon, KLA 
Tencor Korea (Korea, Republic of)  . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-5]

LOCATION: STEINBECK FORUMCONFERENCE 9635
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11:50 am: Higher order feed-forward control of reticle writing error 
fingerprints, Richard J. F. van Haren, ASML Netherlands B.V.  
(Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-6]

12:10 pm: Exploring the origin of pattern positioning errors induced by 
the charging effect in mask making using e-beam writers, Chien-Cheng 
Chen, Tzu-Ling Liu, Shao-Wen Chang, Chia-Jen Chen, Chih-Cheng Lin, 
Hsin-Chang Lee, Anthony Yen, Taiwan Semiconductor Manufacturing Co. 
Ltd. (Taiwan)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-7]

Lunch/Exhibition Break . . . . . . . . . . . . . . . . . . . . . Tue 12:30 pm to 2:00 pm

SESSION  4
Location: Steinbeck Forum  . . . . . . . . . Tue 2:00 pm to 3:30 pm

EUV Mask Infrastructure Readiness
Session Chairs: Emily E. Gallagher, IMEC (Belgium);  
Thomas B. Faure, GLOBALFOUNDRIES Inc. (USA)

2:00 pm: EUV mask infrastructure readiness and gaps for TD and HVM 
(Invited Paper), Ted Liang, Brittany McClinton, John Magana, Guojing 
Zhang, Kishore Chakravorty, Eric Panning, Rajesh Nagpal, Intel Corp. 
 (USA)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-8]

2:30 pm: Fabrication of a full-size EUV pellicle based on silicon nitride, 
Dario L. Goldfarb, IBM Thomas J. Watson Research Ctr. (USA)  . . . [9635-9]

2:50 pm: Detection capability enhancement with a learning system 
for PEM mask inspection tool, Ryoichi Hirano, EUVL Infrastructure 
Development Ctr., Inc. (Japan); Masahiro Hatakeyama, Kenji Terao, EBARA 
Corp. (Japan); Hidehiro Watanabe, EUVL Infrastructure Development Ctr., 
Inc. (Japan)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-10]

3:10 pm: Film loss-free cleaning chemicals for EUV mask lifetime 
elongation developed through combinatorial chemical screening, 
Jaehyuck Choi, SAMSUNG Electronics Co., Ltd. (Korea,  
Republic of) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-11]

Coffee Break . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tue 3:30 pm to 4:00 pm

LOCATION: STEINBECK FORUMCONFERENCE 9635
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SESSION  5
Location: Steinbeck Forum  . . . . . . . . . Tue 4:00 pm to 5:40 pm

Student Session
Session Chairs: Bryan S. Kasprowicz, Photronics, Inc. (USA);  

Jim N. Wiley, ASML US, Inc. (USA);  
Thomas Scheruebl, Carl Zeiss SMT GmbH (Germany)

The Best Student Paper finalists will be announced.
SPONSORED BY:  

4:00 pm: The study of mask shadowing induced phase on absorber 
defect to improve EUV actinic pattern inspection, Yow-Gwo Wang, 
Univ. of California, Berkeley (USA) and Lawrence Berkeley National Lab. 
(USA); Andrew R. Neureuther, Univ. of California, Berkeley (USA); Patrick P. 
Naulleau, Lawrence Berkeley National Lab. (USA) . . . . . . . . . . . . . [9635-12]

4:20 pm: ILP-based co-optimization of cut-mask layout, dummy fill, 
and timing for sub-14nm BEOL technology, Kwangsoo Han, Andrew B. 
Kahng, Hyein Lee, Lutong Wang, Univ. of California, San Diego  
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-13]

4:40 pm: Phase retrieval algorithms for patterned mask metrology in 
EUV, Rene A. Claus, Yow-Gwo Wang, Univ. of California, Berkeley (USA); 
Antoine J. Wojdyla, Markus P. Benk, Kenneth A. Goldberg, Lawrence 
Berkeley National Lab. (USA); Andrew R. Neureuther, Univ. of California, 
Berkeley (USA); Patrick P. Naulleau, Lawrence Berkeley National Lab. 
(USA); Laura Waller, Univ. of California, Berkeley (USA) . . . . . . . . . [9635-14]

5:00 pm: Absorption dependence of phase edge effects in OMOG 
masks, Aamod Shanker, Univ. of California, Berkeley (USA); Martin 
Sczyrba, Falk Lange, Advanced Mask Technology Ctr. GmbH Co. KG 
(Germany); Brid Connolly, Toppan Photomasks, Inc. (Germany);  
Laura Waller, Andrew R. Neureuther, Univ. of California, Berkeley  
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-15]

5:20 pm: PMJ Best Student Paper: Extreme ultraviolet mask 
observations using a coherent extreme ultraviolet scatterometry 
microscope with a high-harmonic-generation source, Takahiro Fujino, 
Yusuke Tanaka, Tetsuo Harada, Univ. of Hyogo (Japan); Yutaka Nagata, 
RIKEN (Japan); Takeo Watanabe, Hiroo Kinoshita, Univ. of Hyogo  
(Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-16]

LOCATION: SERRA GRAND BALLROOMCONFERENCE 9635
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Poster/Exhibition Reception

Location: Serra Grand Ballroom  . . . . . Tue 6:00 pm to 7:30 pm

Symposium attendees are invited to attend the Poster/Exhibition 
Reception on Tuesday evening in the Serra Grand Ballroom. The reception 

provides an opportunity for attendees to meet with colleagues, network, 
view poster papers and interact with the authors, and visit the exhibition 

booths. Refreshments will be served. 

Additional Poster Viewing:

Tuesday 29 September  . . . . . . . . . . . . . . . . 10:00 am to 4:00 pm 

Wednesday 30 September  . . . . . . . . . . . . . 10:00 am to 3:00 pm

All attendees and authors are requested to wear their 
conference registration badges.

EUV Masks
Automatic defect review for EUV photomask reticles by atomic force 
microscope, Ardavan Zandiatashbar, Byong Kim, Young-kook Yoo, 
Keibock Lee, Park Systems Inc. (USA); Ahjin Jo, Ju Suk Lee, Sang-Joon 
Cho, Sang-il Park, Park Systems Corp. (Korea, Republic of) . . . . . [9635-46]

Ruthenium capping layer preservation for 100X clean through pH 
driven effects, Davide Dattilo, SUSS MicroTec Photomask Equipment 
GmbH & Co. KG (Germany); Jyh-Wei Hsu, SUSS MicroTec (Taiwan) Co., 
Ltd. (Taiwan); Uwe Dietze, SUSS MicroTec Inc. (USA) . . . . . . . . . . [9635-47]

Process capability of etched multilayer EUV mask, Kosuke Takai, 
Takashi Kamo, Noriko Iida, Toshiba Corp. (Japan); Yasutaka Morikawa, 
Naoya Hayashi, Dai Nippon Printing Co., Ltd. (Japan) . . . . . . . . . . [9635-48]

Actinic review of EUV masks: status and recent results of the AIMSTM 
EUV System, Sascha Perlitz, Markus R. Weiss, Dirk Hellweg, Renzo 
Capelli, Krister Magnusson, Jan Hendrik Peters, Carl Zeiss SMT GmbH 
(Germany); Vibhu Jindal, SUNY Poly SEMATECH (USA)  . . . . . . . . [9635-75]

Phase imaging results of phase defect using the lensless EUV 
microscope, Tetsuo Harada, Hiraku Hashimoto, Yusuke Tanaka, Univ. of 
Hyogo (Japan); Tsuyoshi Amano, EUVL Infrastructure Development Ctr., 
Inc. (Japan); Takeo Watanabe, Hiroo Kinoshita, Univ. of Hyogo  
(Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-76]
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Mask Data Preparation
Optical proximity correction for extreme-ultraviolet mask with pellicle, 
Soo Yeon Mo, In-Seon Kim, Hye-Keun Oh, Hanyang Univ. (Korea, Republic 
of); Juhwan Kim, Mentor Graphics Corp. (USA) . . . . . . . . . . . . . . . [9635-49]

Mask process simulation for mask quality improvement, Dai Tsunoda, 
Nobuyasu Takahashi, So Goto, Nippon Control System Corp. (Japan); 
So-Eun Shin, Sukho Lee, Jungwook Shon, Jisoong Park, SAMSUNG 
Electronics Co., Ltd. (Korea, Republic of) . . . . . . . . . . . . . . . . . . . . [9635-50]

Rule-based OPC and MPC interaction for implant layers , Nan Fu, 
GLOBALFOUNDRIES Dresden Module One LLC & Co. KG (Germany);  
Guo Xiang Ning, GLOBALFOUNDRIES Dresden Module Two, GmbH & 
Co. KG (Germany); Florian Werle, GLOBALFOUNDRIES Dresden Module 
One LLC & Co. KG (Germany); Stefan Roling, GLOBALFOUNDRIES 
Dresden Module Two, GmbH & Co. KG (Germany); Sandra Hecker, 
GLOBALFOUNDRIES Dresden (Germany); Paul W. Ackmann, 
GLOBALFOUNDRIES Inc. (USA); Christian Buergel, Advanced Mask 
Technology Ctr. GmbH Co. KG (Germany) . . . . . . . . . . . . . . . . . . . [9635-52]

Material and Process
Attenuated phase-shift mask (PSM) blanks for flat panel display, 
Kagehiro Kageyama, Satoru Mochizuki, Hiroyuki Yamakawa, Shigeru 
Uchida, ULVAC Coating Corp. (Japan) . . . . . . . . . . . . . . . . . . . . . . [9635-53]

Advanced repair solution of clear defects on HTPSM by using 
nanomachining tool, Hyemi Lee, MunSik Kim, Hoyong Jung, Sangpyo 
Kim, Donggyu Yim, SK Hynix, Inc. (Korea, Republic of) . . . . . . . . . [9635-54]

Exposure characterizations of polymer type electron beam resists  
with various molecular weights for next-generation photomask, 
Tomohiro Takayama, Hironori Asada, Yukiko Kishimura, Yamaguchi  
Univ. (Japan); Ryoichi Hoshino, Atsushi Kawata, Gluon Lab., LLC  
(Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-55]

New grade of 9-inch size mask blanks for 450mm wafer process (2015), 
Noriyuki Harashima, ULVAC Coating Corp. (Japan) . . . . . . . . . . . . [9635-56]

Printability evaluation of programmed defects on OMOG masks, Irene 
Shi, Eric Guo, Max Lu, Catherine Ren, Bojan Yan, Rivan Li, Eric Tian, 
Semiconductor Manufacturing International Corp. (China) . . . . . . . [9635-57]

Mask repair and verification for the next generation, Vic Kley, Åttoscopy, 
Inc. (USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-58]

Investigation of scum type growing defects on attenuated PSM and 
its prevention, Jihwan Choi, Yongho Kim, Dong-Wook Lee, Hoyong Jung, 
Snagpyo Kim, Donggyu Yim, SK Hynix, Inc. (Korea, Republic of)  . [9635-59]
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Photomask repair using low-energetic electrons, Klaus Edinger, Karsten 
Wolff, Petra Spies, Timo Luchs, Horst Schneider, Nicole Auth, Carl Zeiss 
SMT GmbH (Germany); Ch. Felix Hermanns, ZEISS (Germany) and Carl 
Zeiss SMT GmbH (Germany); Markus Waiblinger, Carl Zeiss SMT GmbH 
(Germany)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-77]

Metrology
Accurate defect die placement and nuisance defect reduction for 
reticle die-to-die inspections, Liang Rong Huang, Taiwan Semiconductor 
Manufacturing Co. Ltd. (Taiwan); David Wu, KLA-Tencor Taiwan  
(Taiwan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-38]

A study of in die mask overlay control for 14nm double-patterning 
lithography, Chin-kuei Chang, William Chou, J. K. Wu, Chain Ting Huang, 
Ming Jui Chen, Simon C. C. Hsu, Y. C. Pai, United Microelectronics Corp. 
(Taiwan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-60]

Reduction of in-lot overlay variation with integrated metrology, and a 
holistic control strategy, Hong-Goo Lee, Sang-Jun Han, Won Kwang Ma, 
Young-Sik Kim, Noh-Jung Kwak, SK Hynix, Inc. (Korea, Republic of); Paul 
Böcker, David Deckers, Kevin Ryan, Elliott McNamara, ASML Netherlands 
B.V. (Netherlands); Gyu-Hyun Shin, Kyu-Tae Sun, ASML Korea Co., Ltd. 
(Korea, Republic of); Young-Wan Lim, ASML Netherlands B.V. (Korea, 
Republic of); Jin-Moo Byun, Jung-Joon Suh, ASML Korea Co., Ltd. (Korea, 
Republic of) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-61]

Novel CD control of HTPSM by advanced process for sub-20nm tech, 
Sang Jin Jo, Chunseon Choi, Sunghyun Oh, Tae-Joong Ha, Youngmo Lee, 
Sangpyo Kim, Donggyu Yim, SK Hynix, Inc. (Korea, Republic of)  . [9635-62]

A study of reticle CD behavior for inter-area pattern loading difference, 
Sungjin Kim, Kweonjae Lee, Jongsuk Yim, Hyunjoong Kim, Sukwhan 
Kim, Sukho Shin, Woosun Choi, Jinhee Jung, Kyungwha Chun, Inja Lee, 
Jooyoung Lee, Hyeongsun Hong, Gyoyoung Jin, SAMSUNG Electronics 
Co., Ltd. (Korea, Republic of)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-63]

Wafer weak point detection based on aerial images or WLCD, Guo 
Xiang Ning, GLOBALFOUNDRIES Inc. (USA); Peter Philipp, Advanced 
Mask Technology Ctr. GmbH Co. KG (Germany); Lloyd C. Litt, Paul W. 
Ackmann, GLOBALFOUNDRIES Inc. (USA); Crell Christian, Advanced 
Mask Technology Ctr. GmbH Co. KG (Germany); Norman Chen, 
GLOBALFOUNDRIES Inc. (USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-64]

Automatic classification and defect verification based on inspection 
technology with lithography simulation, Masaya Kato, Hideki Inuzuka, 
Takeshi Kosuge, Shingo Yoshikawa, Kayoko Kanno, Hidemichi Imai, 
Hiroyuki Miyashita, Dai Nippon Printing Co., Ltd. (Japan); Anthony D. Vacca, 
Peter J. Fiekowsky, Daniel I. Fiekowsky, AVI-Photomask (USA)  . . [9635-66]
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The capability of lithography simulation based on MVM-SEM system, 
Shingo Yoshikawa, Nobuaki Fujii, Kayoko Kanno, Hidemichi Imai,  
Katsuya Hayano, Hiroyuki Miyashita, Dai Nippon Printing Co., Ltd. (Japan); 
Soichi Shida, Tsutomu Murakawa, Masayuki Kuribara, Jun Matsumoto, 
Takayuki Nakamura, Advantest Corp. (Japan); Shohei Matsushita,  
Daisuke Hara, D2S K.K. (Japan); Linyong Pang, D2S, Inc. (USA) . . [9635-67]

A study on the factors that affect the advanced mask defect 
verification, Sungha Woo, Heeyeon Jang, Youngmo Lee, Sangpyo Kim, 
Donggyu Yim, SK Hynix, Inc. (Korea, Republic of) . . . . . . . . . . . . . [9635-68]

Contour-based two-dimension mask pattern metrology, Eric Tian, 
Semiconductor Manufacturing International Corp. (China); Jianwei Wang, 
Hideaki Bandoh, Holon Co., Ltd. (Japan); Eric Guo, Max Lu, Semiconductor 
Manufacturing International Corp. (China)  . . . . . . . . . . . . . . . . . . . [9635-69]

Improvement accuracy of defect size measurement by automatic 
defect classification, Bhamidipati Samir, Sankaranarayanan Paninjath 
Ayyappan, Mentor Graphics (India) Pvt. Ltd. (India); Hong-Yul Jung, Gi-
Sung Yoon, Dong-Hoon Chung, Chan-Uk Jeon, Samsung Electronics Co., 
Ltd. (Korea, Republic of); Mark Pereira, Mentor Graphics (India) Pvt. Ltd. 
(India) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-70]

Best practices for leveling, vibration, particle, and humidity 
measurements in reticle mask environments, Allyn Jackson, 
CyberOptics Corp. (USA)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-79]

Patterning
Model-based multiple patterning layout decomposition, Daifeng Guo, 
Haitong Tian, Martin D. F. Wong, Univ. of Illinois at Urbana-Champaign 
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-73]

Experimental verification of SWHL physical concept and mask 
size optimization methods, Vitaly Chernik, Alexey Shamaev, Vadim I. 
Rakhovsky, Michael Borisov, Dmitriy A. Chelyubeev, Petr A. Mikheev, 
Nanotech SWHL (Russian Federation) . . . . . . . . . . . . . . . . . . . . . . [9635-74]
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WEDNESDAY 30 SEPTEMBER
SESSION  6

Location: Steinbeck Forum  . . . . . . . .Wed 8:30 am to 10:10 am

Scanning Beam Technologies and Applications
Joint Session with Photomask and Scanning Microscopies

Session Chairs: Michael T. Postek, National Institute of Standards and 
Technology (USA); Jan Hendrik Peters, Carl Zeiss SMS GmbH (Germany)

8:30 am: Very-high energy (300-400 keV) SEM imaging of Cu 
interconnects (Invited Paper), Lynne Gignac, Christopher M. Breslin, 
Jemima Gonsalves, Franco Stellari, Chung-Ching Lin, IBM Thomas J. 
Watson Research Ctr. (USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9636-12]

9:00 am: Quantitative analysis of CD error induced by the fogging effect 
in e-beam lithography, Shao-Wen Chang, Tzu-Yi Wang, Ta Cheng Lien, 
Chia-Jen Chen, Chih-Cheng Lin, Shin-Chang Lee, Anthony Yen, Taiwan 
Semiconductor Manufacturing Co. Ltd. (Taiwan) . . . . . . . . . . . . . . [9635-72]

9:30 am: Application of gas field ion source to photomask repairs 
(Invited Paper), Fumio Aramaki, Tomokazu Kozakai, Osamu Matsuda, 
Hiroshi Oba, Yasuhiko Sugiyama, Kazuo Aita, Anto Yasaka, Hitachi High-
Tech Science Corp. (Japan)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9636-13]

9:50 am: The reparability of various pattern and material for 10nm 
lithography mask and beyond, Shingo Yoshikawa, Takeshi Kosuge, 
Takao Nishiguchi, Koichi Kanno, Hidemichi Imai, Masaaki Kurihara, Hiroyuki 
Miyashita, Naoya Hayashi, Dai Nippon Printing Co., Ltd. (Japan)  . [9635-19]

Coffee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wed 10:10 am to 10:40 am

SESSION  7
Location: Steinbeck Forum  . . . . . . .Wed 10:40 am to 12:00 pm

EUV Simulation
Session Chairs: Paul C. Allen, Toppan Photomasks, Inc. (USA);  

Banqiu Wu, Applied Materials, Inc. (USA)

10:40 am: Imaging enhancement by reduction of mask topography 
induced phase aberrations for horizontal 1D spaces under D90Y 
illumination, Thorsten Last, Laurens C. de Winter, Jo Finders, ASML 
Netherlands B.V. (Netherlands) . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-20]
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11:00 am: EUV photomask defects: What prints, what doesn’t, and what 
is required for HVM, Jed H. Rankin, Zhengqing John Qi, Mark Lawliss, 
GLOBALFOUNDRIES Inc. (USA); Eisuke Narita, Kazunori Seki, Toppan 
Photomasks, Inc. (USA); Karen D. Badger, GLOBALFOUNDRIES Inc. 
(USA); Ravi K. Bonam, Scott D. Halle, IBM Corp. (USA); Christina Turley, 
GLOBALFOUNDRIES, Inc. (USA) . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-21]

11:20 am: New method of detection and classification of yield-
impacting EUV mask defects, Ioana C. Graur, Dmitry A. Vengertsev, 
Ananthan Raghunathan, Ian Stobert, Jed H. Rankin,  
GLOBALFOUNDRIES Inc. (USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-22]

11:40 am: Viability of pattern shift for defect-free EUV photomasks at 
the 7nm node, Zhengqing John Qi, Jed H. Rankin, GLOBALFOUNDRIES 
Inc. (USA); Eisuke Narita, Masayuki Kagawa, Toppan Photomasks, Inc. 
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-23]

Lunch/Exhibition Break . . . . . . . . . . . . . . . . . . . . .Wed 12:00 pm to 1:30 pm

SESSION  8
Location: Steinbeck Forum  . . . . . . . . .Wed 1:30 pm to 3:20 pm

Photomask Technology for Alternative 
Lithography: NIL

Session Chairs: Douglas J. Resnick, Canon Nanotechnologies, Inc. (USA); 
Uwe Dietze, SUSS MicroTec Inc. (USA)

1:30 pm: Device fabrication using nanoimprint lithography and 
challenges for template process technologies (Invited Paper), Tatsuhiko 
Higashiki, Toshiba Corp. (Japan)  . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-24]

2:00 pm: Nanoimprint system development and status for high-volume 
semiconductor manufacturing, Kazunori Iwamoto, Takehiko Iwanaga, 
Canon Inc. (Japan); S. V. Sreenivasan, Canon Nanotechnologies, Inc.  
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-25]

2:20 pm: Nanoimprint lithography template readiness for HVM,  
Naoya Hayashi, Koji Ichimura, Masaaki Kurihara, Dai Nippon Printing Co., 
Ltd. (Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-26]

2:40 pm: DUV inspection tool application for beyond optical resolution 
limit pattern, Nobutaka Kikuiri, Hiromu Inoue, Hideo Tsuchiya,  
Ikunao Isomura, Riki Ogawa, NuFlare Technology, Inc. (Japan); Takashi 
Hirano, Ryoji Yoshikawa, Toshiba Corp. (Japan)  . . . . . . . . . . . . . . [9635-27]
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3:00 pm: Optical simulations for fractional fluorine terminated coatings 
on nanoimprint lithography masks, Thomas E. Seidel, Seitek50 (USA); 
Alex Goldberg, Mathew D. Halls, Schrödinger, LLC (USA) . . . . . . . [9635-28]

Coffee Break . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Wed 3:20 pm to 3:50 pm

SESSION  9
Location: Steinbeck Forum  . . . . . . . . .Wed 3:50 pm to 5:10 pm

Mask Data Preparation and Mask Process 
Correction

Session Chairs: Bala Thumma, Synopsys, Inc. (USA);  
Linyong Pang, D2S, Inc. (USA)

3:50 pm: Mask process matching using a model-based data 
preparation solution, Brian Dillon, Christopher J. Progler, Photronics, Inc. 
(USA); Thiago Figueiro, Mohamed Saib, Paolo Petroni, Patrick Schiavone, 
Aselta Nanographics (France) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-29]

4:10 pm: A fully model-based MPC solution including VSB shot dose 
assignment and shape correction, Ingo Bork, Peter D. Buck, Mentor 
Graphics Corp. (USA); Murali M. Reddy, Mentor Graphics (India) Pvt. Ltd. 
(India) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-30]

4:30 pm: MPC model validation using reverse analysis method, Sukho 
Lee, So-Eun Shin, Jungwook Shon, Jisoong Park, Inkyun Shin, Chan-Uk 
Jeon, SAMSUNG Electronics Co., Ltd. (Korea, Republic of)  . . . . . [9635-32]

4:50 pm: Accurate mask model implementation in OPC model for 
14nm node and beyond, Nacer Zine El Abidine, STMicroelectronics 
(France) and IMEP-LAHC (France); Frank Sundermann, Emek Yesilada, 
STMicroelectronics (France); Frederic Huguennet, Mentor Graphics Corp. 
(France); Ingo Bork, Mentor Graphics Corp. (USA); Michael Chomat, Mentor 
Graphics Corp. (France); Peter D. Buck, Mentor Graphics Corp. (USA); 
Isabelle Schanan, IMEP-LAHC (France) . . . . . . . . . . . . . . . . . . . . . [9635-33]
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THURSDAY 1 OCTOBER
SESSION  10

Location: Steinbeck Forum  . . . . . . . . Thu 8:30 am to 10:00 am

Invited and Best Papers
Session Chairs: Uwe F. W. Behringer, UBC Microelectronics (Germany); 

Brian J. Grenon, Grenon Consulting, Inc. (USA)

8:30 am: Properties and performance of EUVL pellicle membranes 
(Invited Paper), Emily E. Gallagher, Johannes Vanpaemel, Ivan Pollentier, 
Houman Zahedmanesh, Cedric Huyghebaert, Christoph Adelmann,  
Rik Jonckheere, IMEC (Belgium) . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-34]

9:00 am: PMJ Best Paper: Pattern inspection of etched multilayer EUV 
masks, Susumu Iida, EUVL Infrastructure Development Ctr., Inc.  
(Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-35]

9:20 am: Experimental validation of novel mask technology to reduce 
mask 3D effects, Lieve Van Look, Vicky Philipsen, Eric Hendrickx, IMEC 
(Belgium); Natalia V. Davydova, Friso Wittebrood, Robert C. de Kruif, Anton 
B. van Oosten, ASML Netherlands B.V. (Netherlands); Junji Miyazaki, 
ASML Japan Co., Ltd. (Japan); Timon F. Fliervoet, Jan van Schoot, ASML 
Netherlands B.V. (Netherlands); Jens Timo Neumann, Carl Zeiss SMT 
GmbH (Germany). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-36]

9:40 am: PMJ 2015 Panel Discussion Overview: EUV or 193i: Who wins 
the center stage for 7nm-node HVM in 2018?, Yoshinori Nagaoka, KLA-
Tencor Japan (Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-78]

Coffee Break . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Thu 10:00 am to 10:30 am
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LOCATION: STEINBECK FORUMCONFERENCE 9635

PANEL DISCUSSION
 Location: Steinbeck Forum  . . . . . . . . . . 10:30 am to 12:30 pm

EUV Mask Readiness: 
Do We Finally Kick the Ball?

Moderators:
Bryan S. Kasprowicz, Photronics, Inc.; 

Naoya Hayashi, Dai Nippon Printing Co., Ltd.

 Panelists:
Peter Chang, Taiwan Semiconductor Manufacturing Co. Ltd.;  

Jeff Farnsworth, Intel Corp., Peter D. Buck, Mentor Graphics Corp.;  
Emily E. Gallagher, IMEC; Jan Hendrik Peters, Carl Zeiss SMT GmbH; 

Yalin Xiong, KLA-Tencor Corp.; Takahiro Onoue, HOYA Corp.

For years, Charlie Brown lined up time and time again to try and kick the 
football that was being held by the devilish Lucy. He would run as fast as 
he could to put a good wallop on it, yet much to his dismay, during each 
attempt she would pull that ball away at just the last second causing him 
to look foolish as he landed on his backside.

For years, designers, lithographers and mask makers have played the 
role of Charlie Brown, getting ready to introduce EUV as a manufacturing 
option, only to have that ball pulled away for various technical reasons. 
Today we are closer than we have ever been and may even have a 
chance to finally get a kick away. Recent progress in source power, resist 
performance and blank defectivity have given confidence that equipment 
orders are now being placed.

As we look to prepare for a new paradigm, new challenges and old 
will inevitably present themselves. This esteemed panel will help us 
understand how ready the mask industry is to support manufacturing of 
EUV masks, where what mask challenges exist and might be expected as 
we look to “finally” introduce EUV into the lithography flow.

Lunch Break  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Thu 12:30 pm to 2:00 pm
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SESSION  11
Location: Steinbeck Forum  . . . . . . . . . Thu 2:00 pm to 3:20 pm

Metrology and Inspection
Session Chairs: Mark M. Wylie, KLA-Tencor Idaho (USA);  

Mark T. Jee, HOYA Corp. USA (USA)

2:00 pm: From nightmares to sweet dreams: inspection of aggressive 
OPC on 14nm reticles (and beyond) using a novel high-NA and low-NA 
dual method, Karen D. Badger, Michael S. Hibbs, GLOBALFOUNDRIES 
Inc. (USA); Kazunori Seki, Toppan Photomasks, Inc. (USA); William H. 
Broadbent Jr., Vincent A. Redding, Trent Hutchinson, KLA-Tencor Corp. 
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-37]

2:20 pm: Study of various pattern impact for registration and overlay, 
Shingo Yoshikawa, Nobuaki Fujii, Takashi Yamada, Issei Sakai, Katsuya 
Hayano, Hidemichi Imai, Hiroyuki Miyashita, Dai Nippon Printing Co., Ltd. 
(Japan); Takashi Sayano, Carl Zeiss Co., Ltd. (Japan); Sven Heisig,  
Dirk Beyer, Carl Zeiss SMT GmbH (Germany)  . . . . . . . . . . . . . . . . [9635-65]

2:40 pm: Variations in programmed phase defect size and its impact 
on defect detection signal intensity using at-wavelength inspection 
system, Tsuyoshi Amano, Noriaki Takagi, EUVL Infrastructure  
Development Ctr., Inc. (Japan); Tsukasa Abe, Dai Nippon Printing Co., Ltd. 
(Japan) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-39]

3:00 pm: EUV actinic brightfield mask microscopy for predicting defect 
aerial images, Kenneth A. Goldberg, Markus P. Benk, Antoine J. Wojdyla, 
Lawrence Berkeley National Lab. (USA); Erik A. Verduijn, IMEC (Belgium); 
Obert R. Wood II, Pawitter J. Mangat, GLOBALFOUNDRIES Inc.  
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-40]

Coffee Break . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Thu 3:20 pm to 3:50 pm

LOCATION: STEINBECK FORUMCONFERENCE 9635
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SESSION  12
Location: Steinbeck Forum  . . . . . . . . . Thu 3:50 pm to 5:30 pm

Patterning and Process
Session Chairs: Kenichi Saito, NuFlare Technology, Inc. (Japan);  

Russell B. Cinque, JEOL USA Inc. (USA)

3:50 pm: Sensitivity analysis for the high-accuracy proximity effect 
correction, Kang-Hoon Choi, Fraunhofer-Institut für Photonische 
Mikrosysteme (Germany); Clyde H. Browning, Thiago Figueiro, 
Aselta Nanographics (France); Christoph K. Hohle, Fraunhofer-
Institut für Photonische Mikrosysteme (Germany) and Fraunhofer-Ctr. 
Nanoelektronische Technologien (Germany); Mohamed Saib, Patrick 
Schiavone, Aselta Nanographics (France); Xaver Thrun, Fraunhofer-Ctr. 
Nanoelektronische Technologien (Germany) and Fraunhofer-Institut für 
Photonische Mikrosysteme (Germany) . . . . . . . . . . . . . . . . . . . . . . [9635-41]

4:10 pm: Photomask etch process for 10nm technology node and 
beyond, Madhavi R. Chandrachood, Michael Grimbergen, Keven Yu, Toi-
Yue B. Leung, Jeffrey X. Tran, Jeff Chen, Darin D. Bivens, Rao Yalamanchili, 
Applied Materials, Inc. (USA); Richard E. Wistrom, Thomas B. Faure, Peter 
Bartlau, Shawn Crawford, GLOBALFOUNDRIES, Inc. (USA); Yoshifumi 
Sakamoto, Toppan Printing Co., Ltd. (USA) . . . . . . . . . . . . . . . . . . [9635-42]

4:30 pm: High-durability phase-shift film with variable transmittance, 
Osamu Nozawa, HOYA Corp. (Japan)  . . . . . . . . . . . . . . . . . . . . . . [9635-43]

4:50 pm: Evaluation of multilayer defect repair viability and protection 
techniques for EUV masks, Takeshi Isogawa, Kazunori Seki, Toppan 
Photomasks, Inc. (USA); Mark Lawliss, Zhengqing John Qi, Jed H. Rankin, 
GLOBALFOUNDRIES Inc. (USA); Shinji Akima, Toppan Photomasks, Inc. 
(USA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-44]

5:10 pm: Relationship between mask surface wettability and cleaning 
effectiveness, Chen-Yang Lin, Taiwan Semiconductor Manufacturing Co. 
Ltd. (Taiwan)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [9635-45]

LOCATION: STEINBECK FORUMCONFERENCE 9635
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ONLINE PROCEEDINGS
Paid meeting registration includes on-
line access to all 2015 SPIE Photomask 
Technology proceedings via the SPIE 
Digital Library. See below for details.
Access will be ongoing using your 
SPIE login credentials. Attendees will 
have online access to all proceedings 
papers related to this event as they 
are published; expected publication 
date is 31 October 2015. Papers can 
be accessed online through the SPIE 
Digital Library, and all downloaded 
PDFs of papers are yours to keep.
To access the proceedings:
•  If you already have an SPIE account, 

sign in at  www.spiedigitallibrary.org 
(click SIGN IN, upper right corner) to 
gain access to the conference papers. 
If you do not have an account, create 
one using the email address you used 
to register for the conference.

•  Once you have signed in, use the 
Browse Proceedings By Conference 
link and scroll to the Photomask 
Technology conference.

Note: If your organization subscribes 
to the SPIE Digital Library, you can 
also access this content via your or-
ganization’s account when logging on 
through your institution’s network.

Should you need any assistance, 
please contact us at:
Email: SPIEDLsupport@spie.org
Phone (North America):  
+1 888 902 0894
Phone (Rest of World):  
+1 360 685 5580

ONLINE PROCEEDINGS  
FOR STUDENTS

SPIE Photomask Technology 
2016 and Scanning 
Microscopies 2015
Product Code: DLC587
Included Volumes: 9635, 9636

PRINTED PROCEEDINGS
You can purchase printed proceedings 
for an additional fee. Printed proceed-
ings will be available 8-10 weeks after 
the conference. Shipping is additional.

VOL#  TITLE (EDITOR)  PRICE

9635 Photomask Technology 
2015 . . . . . . . . . . . . . $100

 (Naoya Hayashi, Bryan S. 
Kasprowicz)

9636 Scanning Microscopies 
2015 . . . . . . . . . . . . . . $80

 (Michael T. Postek, Dale E. 
Newbury, S. Frank Platek, 
Tim K. Maugel)
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CONCISE, FOCUSED, AND PEER REVIEWED

New eBook Series

Series Editor: Robert D. Fiete

Write a how-to lesson, short  
tutorial, or overview in the area of

Photomask Technologies

We want to hear from you. 
Visit the Bookstore for information, or go to  
www.spie.org/spotlights

TOPICS OF INTEREST INCLUDE:

MASK UTILIZATION AND 
APPLICATIONS
• Resolution Enhancement 

Techniques and Optical 
Proximity Correction 

• Source-Mask Optimization
• Multi-patterning
• Flat Panel Display 

Manufacturing

MASK BUSINESS 
• Mask Manufacturing Control
• Shop Management 
• Infrastructure

MASK MANUFACTURING 
• Simulation 
• Data Preparation
• Substrates and Materials
• Patterning 
• Etching
• Metrology and Inspection
• Repair 
• Cleaning 

EMERGING MASK 
TECHNOLOGIES
• Extreme-UV (EUV) Mask 

Manufacturing, Inspection, and 
Repair

• 450mm Mask Technologies
• Nanoimprint Masks and 

Applications
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REGISTRATION
Onsite Registration and Badge Pick-Up Hours 
Portola Lobby

Monday 28 September . . . . . . . . . . . . . . . . . . . . . . 12:00 pm to 5:00 pm

Tuesday 29 September. . . . . . . . . . . . . . . . . . . . . . . .7:15 am to 4:00 pm

Wednesday 30 September . . . . . . . . . . . . . . . . . . . 7:30 am to 4:00 pm

Thursday 1 October . . . . . . . . . . . . . . . . . . . . . . . . . 8:00 am to 10:30 am

PHOTOMASK CONFERENCE REGISTRATION 
Includes admission to all conference sessions, Keynote, Panel Discussion, 
Poster Reception, admission to the Exhibition, morning breakfast breads, 
coffee breaks, lunches Tuesday through Thursday , afternoon dessert snacks, 
and online proceedings. Student pricing does not include proceedings, 
lunches, or Photomask Reception. Photomask Reception—Guest tickets can 
be purchased onsite.

EXHIBITION REGISTRATION
Exhibition-Only visitor registration is complimentary.

SPIE MEMBER, SPIE STUDENT MEMBER, AND 
STUDENT PRICING
•  SPIE Members receive conference and course registration discounts. Dis-

counts are applied at the time of registration.
•  SPIE Student Members receive a 50% discount on all courses.
•  Student registration rates are available only to undergraduate and graduate 

students who are enrolled full time and have not yet received their Ph.D. 
Post-docs may not register as students. A student ID number or proof of 
student status is required with your registration.

GENERAL INFORMATION
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PRESS REGISTRATION
For credentialed press and media representatives only. Please email contact 
information, title, and organization to media@spie.org.

SPIE Cashier
Registration Area
Open during registration hours
Registration Payments 
If you are paying by cash or check as part of your onsite registration, wish 
to add a special event requiring payment, or have questions regarding your 
registration, visit the SPIE Cashier.

Receipts and Certificate of Attendance
Preregistered attendees who did not receive a receipt or attendees who need 
a Certificate of Attendance may obtain those from the SPIE Cashier.

Badge Corrections
Badge corrections can be made by the SPIE Cashier. Please have your badge 
removed from the badge holder and marked with your changes before ap-
proaching the counter.

Refund Information
There is a $50 service charge for processing refunds. Requests for refunds 
must be received by 17 September 2015; all registration fees will be forfeited 
after this date. Membership dues, SPIE Digital Library subscriptions or Special 
Events purchased are not refundable.

U.S. Government Credit Cards
U.S. Government credit card users: have your purchasing officer contact the 
credit card company and get prior authorization before attempting to register. 
Advise your purchasing agent that SPIE is considered a 5968 company for 
authorization purposes.

GENERAL INFORMATION
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AUTHOR / PRESENTER 
INFORMATION 
Speaker Check-In and Preview Station
Steinbeck Lobby
Open during Registration Hours
The computers at the Internet Stations are available to preview speakers’ 
presentations. They are identical to the computer in the conference room. 
Speakers may use their own computer to present and may test their presen-
tations in the conference room before, after or during breaks in the conference 
schedule. If experiencing any difficulties with a presentation, please visit the 
SPIE Registration Desk.

Exhibition/Poster Reception
Exhibition Hall

Tuesday 29 September. . . . . . . . . . . . . . . . . . . . . . . . . . 6:00 to 7:30 pm
Symposium attendees are invited to attend the Exhibition/Poster Reception on 
Tuesday evening in the Serra Grand Ballroom. The reception provides an oppor-
tunity for attendees to meet with colleagues, network, view poster papers and 
interact with the authors, and visit the exhibition booths.  Refreshments will be 
served. Attendees are requested to wear their conference registration badges.

Poster Viewing 
Exhibition Hall

Tuesday 29 September. . . . . . . . . . . . . . . . . . . . ..10:00 am to 4:00 pm,  
and 6:00 to 7:30 pm

Wednesday 30 September . . . . . . . . . . . . . . . . . .10:00 am to 3:00 pm
Poster authors may set up their poster papers between 10 am and 4 pm on 
Tuesday and will leave them up until Wednesday afternoon. Authors will be 
present during the Poster Reception 6:00 to 7:30 pm Tuesday to answer ques-
tions and provide in-depth discussion regarding their papers.

GENERAL INFORMATION
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ONSITE SERVICES 
Internet Access
Steinbeck Lobby – Internet Stations
SPONSORED BY:  

Complimentary wired Internet access is available; attendees can hook up their 
laptops or use provided workstations. 

WiFi
WiFi available in the Monterey Conference Center
SPONSORED BY:  

Complimentary wireless access is available; instructions will be posted onsite.

Business Center 
Monterey Marriott
Attendees may use their hotel room key at the Monterey Marriott to access the 
onsite Business Center, which offers use of the free online computers.  Copy 
and fax machines are available at the front desk.  Copies are free for the first 
20 copies, 10 cents per page after.  The fax machine is $1 per page for domestic 
usage and $3 per page for international usage.

Urgent Message Line
An urgent message line is available during registration hours: 831.646.5312

Lost and Found
SPIE Cashier
Registration Hours
Found items will be kept at SPIE Cashier until the close of Registration each 
day and then turned over to Inact Protective Services, 831.763.2594. At the 
end of the meeting, all found items will be turned over to Monterey Conference 
Center, 831.646.3770.

GENERAL INFORMATION
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FOOD AND BEVERAGE 
SERVICES
Breakfast Breads
Steinbeck Lobby

SPONSORED BY:       

Complimentary coffee and breakfast breads will be served Tuesday through 
Thursday 7:30 to 8:30 am.

Coffee Breaks 
SPONSORED BY:

               

Complimentary coffee will be served Tuesday through Thursday in the fol-
lowing locations.

Tuesday 29 September. . . . . . . . . . . . . . . . . . . . 10:30 am and 3:20 pm
Serra Grand Ballroom – Exhibition Hall

Wednesday 30 September . . . . . . . . . . . . . . . . . 10:10 am and 3:00 pm
Serra Grand Ballroom – Exhibition Hall

Thursday 1 October . . . . . . . . . . . . . . . . . . . . . . . 10:00 am and 3:20 pm
Steinbeck Lobby

SPECIAL EVENTS
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SPIE-Hosted Lunches
San Carlos Ballroom – Marriott
CO-SPONSORED BY:    

Hosted lunches will be served at the lunch break Tuesday through Thursday 
in the San Carlos Ballroom at the Monterey Marriott.

Complimentary lunch tickets will be included for full conference registrants 
attending the Photomask Meeting. NOTE: Scanning attendees, exhibitors and 
students may purchase tickets in the SPIE registration area in the Portola Lobby. 

Desserts
Complimentary tickets for dessert snacks are included in conference attendee 
and exhibitor registration packets, and served in the exhibition hall during the 
afternoon coffee break.

SPECIAL EVENTS



OFFSITE SERVICES
FedEx Kinkos is located at 799 Lighthouse Ave., Suite A, Monterey, Calif., 93940, 
Phone 831.373.2298.  It is located 1.3 miles from the Monterey Marriott.  Go 
north on Calle Principal, left onto Del Monte Avenue, right onto Pacific St., right 
onto ramp to merge onto Lighthouse Avenue.

Child Care Services
The Monterey Marriott suggests the following childcare service companies: 

Parents Time Out. Phone: 831.375.9269 VIP 

Babysitting Solutions Inc. (in-room hotel babysitting services).  
Phone: 800.838.2787

SPIE does not imply endorsement or recommendation for these services. Infor-
mation provided as “information only” for your further analysis and decision. 
Other services may be available.

Car Rental
Hertz Car Rental has been selected as the official car rental 
agency for SPIE Photomask Technology. To reserve a car, iden-
tify yourself as a conference attendee using the Hertz Meeting 

Code CV#029B0020. When booking from international Hertz locations, the 
CV# must be entered with the letter CV before the number, i.e. CV029B0020.

•  In the United States call 1-800-654-2240

•  Book online www.hertz.com

GENERAL INFORMATION

SPIE GREEN INITIATIVE
As host to events that bring together scientists and engineers from around the 
globe, SPIE is committed to making our symposia as environmentally friendly 
as possible.

Ongoing efforts of SPIE include using non-disposable materials such as glass 
plates and metal flatware as often as possible, and encouraging facilities to donate 
surplus meals to soup kitchens. Many partnering facilities have robust recycling 
programs for paper, plastic, and aluminum products. SPIE continues to collaborate 
with venues, hotels, suppliers and the local Chambers of Commerce to assess 
and ease the conference’s environmental impact. SPIE is currently working to 
implement solutions from the Green Meetings Industry Council guidelines with 
a goal to take our environmental efficiency to a whole new level.

When at this event, SPIE encourages you to take advantage of recycling bins, to 
reuse towels at your hotel, and to carpool whenever transportation is required 
during your stay in Monterey.



ADVANCED 
LITHOGRAPHY•
Present and publish your work at 
the world’s premier semiconductor 
lithography event. 

Conferences: 21–25 February 2016
Exhibition: 23–24 February 2016
San Jose Marriott and San Jose Convention Center 
San Jose, California, USA 

Call for Papers
WWW.SPIE.ORG/al2016
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Light-based technologies respond  
to the needs of humankind

Join us in celebrating the  
International Year of Light
The International Year of Light is a global initiative 
highlighting to the citizens of the world the importance 
of light and light-based technologies in their lives, for 
their futures, and for the development of society.  

We hope that the International Year of Light will 
increase global awareness of the central role of light 
in human activities and that the brightest young minds 
continue to be attracted to careers in this field. 

For more information on how you and 
your organization can participate, visit 
www.spie.org/IYL 



The paper you present will live far beyond the 
conference room
All proceedings from this event will be published in the SPIE Digital Library, 
promoting breakthrough results, ideas, and organizations to millions of key 
researchers from around the world.

www.SPIEDigitalLibrary.org

Helping engineers  
and scientists stay  

current and competitive



Conferences: 12–14 September 2016
Exhibition: 13–14 September 2016
San Jose, California, USA

Plan to Attend
WWW.SPIE.ORG/PM2016

The premier international technical 
meeting for the photomask industry.
Co-located with SPIE Scanning Microscopies.  
One registration fee, two conferences.

PHOTOMASK 
TECHNOLOGY•


