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Advanced lithography such as double exposure techniques, self-aligned processes
realizes a tiny circuit pattern on a wafer but requires various physical design technologies to realize
high performance integrated circuits efficiently. In this research, various physical design technologies
for advanced lithography such as pattern decomposition algorithm, shortest path algorithm with turn
prohibition constraints, and intensity distribution estimation algorithm are developed.



o

@
2
SAQP(Self-Aligned Quadruple Patterning)
SAQP
SAQP

®



*

o

@

SAQP

®

2 SAQP

SAQP

(4) EW

30
Yukihide Kohira, Chikaaki Kodama,
Tomomi Matsui, Atsushi Takahashi,
Shigeki Nojima, and Satoshi Tanaka.
Yield-aware mask assignment by
positive semidefinite relaxation in
triple patterning using cut process.
Journal of Micro/Nanolithography,
MEMS, and MOEMS (JIM3), , 15,
2016, 1-7
DO1:10.1117/1.JMM.15.2.021207
http://t2r2_star.titech.ac.jp/rrws/
file/CTT100703816/ATD100000413/

Ahmed Awad, Atsushi Takahashi, and
Chikaaki Kodama. A Fast
Manufacturability Aware  Optical
Proximity Correction (OPC) Algorithm
with Adaptive Wafer Image Estimation.
Proc. Design, Automation and Test in
Europe (DATE2016), , 2016
2016, 49-54
http://ieeexplore.ieee.org/xpls/abs
_all_jsp?arnumber=7459279

Takeshi lhara, Toshiyuki Hongo,
Atsushi Takahashi, and Chikaaki
Kodama. Grid-based Self-Aligned
Quadruple Patterning Aware Two
Dimensional Routing Pattern. Proc.
Design, Automation and Test in Europe
(DATE2016), , 2016 , 2016,
241-244
http://ieeexplore.ieee.org/xpls/abs
_all_jsp?arnumber=7459312

Chikaaki Kodama, Hirotaka Ichikawa,
Koichi Nakayama, Fumiharu Nakajima,
Shigeki Nojima, Toshiya Kotani,
Takeshi Thara, and Atsushi Takahashi .
Self-Aligned Double and Quadruple
Patterning Aware Grid Routing Method.
IEEE Transactions on Computer-Aided
Design of Integrated Circuits and
Systems (TCAD), , 34 , 2015,




753-765
DOI:10.1109/TCAD.2015.2404878

Takeshi lhara, Atsushi Takahashi, and
Chikaaki Kodama. Effective
Two-Dimensional Pattern Generation
for Self-Aligned Double Patterning.
Proc. International Symposium on
Circuits and Systems (I1SCAS2015),
, 2015 ,2015, 2141-2144

DOI:10.1109/1SCAS.2015.7169103

Yukihide Kohira, Chikaaki Kodama,
Tomomi Matsui, Atsushi Takahashi,
Shigeki Nojima, and Satoshi Tanaka.
Yield-aware mask assignment using
positive semidefinite relaxation in
LELECUT triple patterning. Proc. SPIE
Design-Process-Technology

Co-optimization for
Manufacturability IX, , 9427
, 2015, 1-9

DO1:10.1117/12.2085285
http://t2r2_star.titech.ac.jp/rrws/
Tile/CTT100684777/ATD100000413/

Yukihide Kohira, Tomomi Matsui, Yoko
Yokoyama, Chikaaki Kodama, Atsushi
Takahashi, Shigeki Nojima, and
Satoshi Tanaka. Fast Mask Assignment
using Positive Semidefinite
Relaxation in LELECUT  Triple
Patterning Lithography. Proc. Asia
and South Pacific Design Automation
Conference 2015 (ASP-DAC2015),
, 2015 , 2015, 665-670
DOI:10.1109/ASPDAC.2015.7059084

Tomomi  Matsui, Yukihide Kohira,
Chikaaki Kodama, and Atsushi
Takahashi. Positive Semidefinite
Relaxation and Approximation
Algorithm for Triple Patterning

Lithography. Algorithms and
computation, Lecture Notes in
Computer Science, , 8889 ,

2014, 365-375
DOI:10.1007%2F978-3-319-13075-0_29

Ahmed Awad, Atsushi Takahashi,
Satoshi Tanaka, and Chikaaki Kodama.
A Fast Process Variation and Pattern
Fidelity Aware Mask Optimization
Algorithm.  Proc. IEEE/ACM 2014
International Conference on
Computer-Aided Design (ICCAD2014),
, 2014 , 2014, 238-245
DOI:10.1109/1CCAD.2014.7001358

Yukihide Kohira, Yoko Yokoyama,

Chikaaki Kodama, Atsushi Takahashi,
Shigeki Nojima, and Satoshi Tanaka.
Yield-aware decomposition for LELE
double  patterning. Proc.  SPIE
Design-Process-Technology

Co-optimization for
Manufacturability VIII, , 9053
, 2014, 1-10

DO1:10.1117/12.2046263
http://t2r2_star.titech.ac.jp/rrws/
file/CTT100668909/ATD100000413/

Yoko Yokoyama, Keishi Sakanushi,
Yukihide Kohira, Atsushi Takahashi,
Chikaaki Kodama, Satoshi Tanaka, and
Shigeki Nojima. Localization concept
of re-decomposition area to fix
hotspots for LELE process. Proc. SPIE
Design-Process-Technology

Co-optimization for
Manufacturability VIII, , 9053
, 2014, 1-8

DO1:10.1117/12.2046180
http://t2r2_star.titech.ac.jp/rrws/
file/CTT100668908/ATD100000413/

36
Ahmed Awad, Atsushi Takahashi, and
Chikaaki Kodama. A Fast

Manufacturability Aware  Optical
Proximity Correction (OPC) Algorithm
with Adaptive Wafer Image Estimation.
Design, Automation and Test in Europe
(DATE2016), 2016 3 15 ,

( )

Takeshi lhara, Toshiyuki Hongo,
Atsushi Takahashi, and Chikaaki
Kodama.  Grid-based Self-Aligned
Quadruple Patterning Aware Two
Dimensional Routing Pattern. Design,
Automation and Test in Europe
(DATE2016), 2016 3 15 ,

( )

Ahmed Awad, Atsushi Takahashi, and
Chikaaki Kodama. A Fast Lithographic
Mask Manufacturing Cost Aware Optical
Proximity Correction (OPC) Algorithm
With Process Variability
Consideration. IEEE/ACM the Workshop
on Variability Modeling and
Characterization (VMC2015), 2015

1 5 ,

Takeshi Ihara, Atsushi Takahashi, and
Chikaaki Kodama. Effective Routing
Pattern Generation for Self-Aligned
Quadruple Patterning. Design
Automation Conference 2015 (DAC2015),




2015 6 10 , KOHIRA YUKIHIDE

Takeshi Ihara, Atsushi Takahashi, and 00549298
Chikaaki Kodama. Effective
two-dimensional pattern generation
for self-aligned double patterning.
IEEE International Symposium on
Circuits and Systems (ISCAS2015),
2005 5 27 ,

Yukihide Kohira, Yoko Yokoyama,
Chikaaki Kodama, Atsushi Takahashi,
Shigeki Nojima, and Satoshi Tanaka.
Yield-aware decomposition for LELE

double patterning. SPIE
Design-Process-Technology
Co-optimization for
Manufacturability VI11, 2014 2
27,

Yoko Yokoyama, Keishi Sakanushi,
Yukihide Kohira, Atsushi Takahashi,
Chikaaki Kodama, Satoshi Tanaka, and
Shigeki Nojima. Localization concept
of re-decomposition area to fix
hotspots for LELE process. SPIE
Design-Process-Technology

Co-optimization for
Manufacturability VIII, 2014 2
27,

Yukihide Kohira, Yoko Takekawa,
Chikaaki Kodama, Atsushi Takahashi,
Shigeki Nojima, and Satoshi Tanaka.
Minimum Cost Stitch Selection in LELE
Double  Patterning. Design for
Manufacturability and Yield 2013
(DFM&Y2013), 2013 6 3 ,

Yoko Takekawa, Chikaaki Kodama,
Atsushi Takahashi, Yukihide Kohira,
Satoshi Tanaka, Keishi Sakanushi,
Jiro Higuchi, and Shigeki Nojima. A
Study of Robust Stitch Design for
Litho-etch-litho-etch Double
Patterning. Design for
Manufacturability and Yield 2013
(DFM&Y2013), 2013 6 3 ,

o
TAKAHASHI  ATSUSHI

30236260

@



