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Roadmap & Challenges ITRS Roadmap 2010
Scaling & Scaling
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ITRS Roadmap : keep scaling

Ragidlx aggroaching a brick wall
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Roadmap & Challenges  from IEDM trend

2008 2009 2010 2011 2012 2013 2014
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Gate Length at IEBM : CMOS Devices and Technology
32nm CMOS : still mainstream at IEDM

Computational litho opportunities growmg
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Complex Photomask  computational Litho.

Computational Mask Correction - more & more complex

conventional early OPC current advanced

** virtual pattern

‘more complex :  #of features

smaller features




O
Complex Photomask Issues

Computational mask correction
- complex photomask data

Linearity # of fractured  pata Inspection
features Handing Repair
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Approaches issues, and more

a) Complex pattern fracturing : too many features
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b) Linearity : small features smaller

Linearity error * ideal shape
Q/ linearity impacted

c) Process bias inconsistency :
process bias induced number doubling
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Complex Photomask

design ideal writing pattern

# of writing features

expected fracturing

without correction

- uncontrollable CD

- unstable linearity

- less Depth of Focus
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Approaches reducing writing time
conventional fracturing

Tonf -
optimized fracturing
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— . litho-check

bias -

MB-MDP*
overlapped shots

t

litho-check
EB writing check

Fewer features

optimal effect

*MB-MDP : Model-Based
Mask Data Preparation

** virtual pattern
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Approaches
conventional fracturing
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simplifying assist features
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reducing writing time

MB-MDP
overlapped shots
with circular shape
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Fewer features
optimal effect
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Approaches supposed environment
, a) Linearity : small features smaller
desig - Linearity-aware Correction

- Mask Process Compensation
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correction
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b) Writing time : too many features

- Litho-aware Correction
- MDP-aware Correction

c) Process bias inconsistency :
process bias induced number doubling

- Bias-aware Correction
- Specific bias

IndeEendent "correction"‘ "MDP" doesn’'t work

measu rement MDP : Mask Data Preparation
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Trials & Examples overlapped fracturing
Ll =

L 4 W

. Conventional
Fracturing

Resist
SEM MFG:75K

—r
"~ MB-MDP
overlapped sh

Courtesy of
D2S, Inc.




Trials & Examples inspection

written with MB-MDP inspected with conventional
overlapped shots fracturing

(‘Ejg _v’ inspection'@)
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Confirmed : No alignment-error, No dimension error
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Trials & Examples repair
defect data shape SEM
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location clipping correction rendering
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Summary

- ArF will be extended more than ITRS expectations

- Photomask data is becoming more complex and intensive

- Successful trials are underway using overlapped shots
with MB-MDP

- Data correction & MDP need to be more closely linked

MDP : Mask Data Preparation
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OO U O
Probe further

- Practical process compensation approach
- Effective inspection & repair

- Linearity improvement as well

- Total load estimation
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