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Mix of Lithography Technologies for 10nm node
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Next 3 Years — Key Lithography Technologies
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Track is key tool in center of DSA process flow

Patterned using 193i
POR resist/ ARC, P, = 100nm

i

B Hardening

Flood exposure
PEB

i

W Neutralize

Orientation materials (PGMEA)
Coat/ Bake

B Liftoff

TMAH / Water

\/
PS-PMMA (PGMEA), Ppsa=25nm
- Coat/ Bake
02-RIE
Cheng SFIE 2009

Sanders SPIE 2010
Cheng ACS Nano, 2010
Sanders JPhotopolymerSciTech, 2010

SKD-120711(L1)

DSA Track



DSA Process Development on SOKUDO Track Platforms

2010 2011 2012 AONRS

300mm DSA
Pilot Line
SOKUDO
Track
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DSA Process Development on SOKUDO Track Platforms

2010 2011 2012 AONRS
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2010 ... Initial SOKUDO DSA Process Start

Litho Workshop 2010 (IEEE), “ Patterning for 15nm half-pitch (NAND Focus),”

Chris Bencher, Advanced Patterning Group, Maydan Technology Center, Applied Materials
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2011 ... 300mm Full-Wafer DSA Process Demo

Chris Bencher, et.al. “ Self-Assembly Patterning for sub-15nm Half Pitch: A Transition from Lab to Fab,”

Alternative Lithographic Technologies lll, Proc. of SPIE Vol. 7970 © 2011 SPIE
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2012 ... Year of DSA Process Defect Study

Zero-Level Marks introduction in DSA metrology

With sub-micron wafer registration
defect inspection and review was scaled to full 300mm wafer

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,”
Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE
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Chemo-Epitaxy Pre-Pattern CD <& DSA Defect Density

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,” Applied Materials
Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE SEMVision™ G4
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Detailed SEM Review found few dislocations

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,” Applied Materials
Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE ‘ SEMVision™ G4
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Contact Hole DSA Shrink Process ...

65~80nm CH 20~24nm CH

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,”
Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE
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Contact Hole DSA Shrink Defect Study

1. Phase Separation CD-SEM Measurements
CD & Overla
| VeaY 2 5 PMMA Dry-Etch CD-SEM Measurements
In SPIE paper : : .

) 3. Hole-in-hole registration accuracy
4. Missing Via Defect Rate

7

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,”
Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE

15  SKD-120711(L1)

DSA Track



550 Million Vias inspected on 300mm wafer

# of Dies Scanned 17
Total Area Scanned 16million ym?
Total # of Vias Within ~ 550,000,000
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Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,” Applied Materials
Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE uVision™ 3
16  SKD-120711(L1) DSA Track




Key Focus ... Missing Vias (DSA)

|

Solutions Known DSA Specific

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,” Applied Materials
SEMVision™ G4

Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE
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DSA Defect Density: 1 per 25 million (4 x 109)

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,” Applied Materials

Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE l SEMVision™ G4
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Extensive Metrology Required for DSA Study

Chris Bencher, et.al. “Directed Self-Assembly Defectivity Assessment,”

Alternative Lithographic Technologies IV, Proc. of SPIE Vol. 8323 © 2012 SPIE
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SOKUDO DUO DSA Track Conclusions

¢ “Defect Free” DSA Track process achievable

— Now transitioning to dedicated DSA process tools
“*SOKUDO DUO DSA Track”

¢ “Stand-Alone” SOKUDO DUO DSA Track niche
— New application opens market share growth opportunity
— Pilot DSA tracks 2012->2013
— HVM production systems 2014+

¢ Partnership Sites help establish DSA baseline

Qll freriai3.
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