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TrueMask® ILT MWCO: Full-Chip Curvilinear 
ILT in a Day & Full Mask Multi-Beam and VSB 
Writing in 12 hours for 193i
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Full-Chip Curvilinear ILT is Much Faster to Compute and Write 
with VSB Than You Think

TrueMask ILT curvilinear mask designs for 
different pitches & orientations

Corresponding wafer target & simulated 
wafer contours
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ILT with Level-Set Method Started a Decade Ago
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A Different Approach based on GPU Invented by GAUDA, 
Extended by D2S

Target Pattern
(No OPC)

Rule/Model-Based
OPC

Model-Based
OPC + SRAF

Target Pattern Continuous Tone
Fourier ILT Mask

Binary Fourier
ILT Mask
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Why isn’t Curvilinear ILT Used in All Critical Layers?

Source: 2019 eBeam Initiative Perceptions Survey
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Before: ILT Mask Write Time is Too Long
Now: Multi-beam Mask Writers Enable Curvilinear ILT

Conventional VSB mask writer
• Generates too many shots
• Takes too long to write

Multi-beam mask writer
• Designed for curvilinear ILT
• Writes any shape in constant time 



D2S PATENTED TECHNOLOGY 7

Before: Full Chip ILT Run Time is too Long 
Now: TrueMask® ILT Solves ILT Computing Challenges

Split full chip into 
partitions

Ideal ILT generation

Clean mask with 
mask rules

Manhattanization

Re-optimization of 
Manhattan Pattern

Re-do stitching 
boundaries

Curvilinear ILT generation 
with Mask Rule Compliance 

(MRC)
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TrueMask ILT Emulates a Giant CPU/GPU Pair:
No Stitching Errors

TrueMask ILT: The entire chip is updated 
in each iteration, no stitching issues

ç

Blue Contour: 
“Gigantic 

CPU/GPU Pair”

Red Contour: 
Partitions 
processed 

separately and 
then stitched

Conventional ILT: Stitching issues occur 
when partitions are putting together



D2S PATENTED TECHNOLOGY 9

TrueMask ILT Integrates Curvilinear Mask Rules to 
Produce MRC Clean Results 

Without Curvilinear Mask Rules With Curvilinear Mask Rules 
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TrueMask ILT Meets EPE Requirements 
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TrueMask ILT Meets EPE Requirements 
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TrueMask ILT Solutions are Continuous and Symmetric



D2S PATENTED TECHNOLOGY 13

TrueMask ILT Solutions are Continuous and Symmetric
Works On grid

Works Off grid
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TrueMask ILT Solutions are Continuous and Symmetric

Works with Rotation
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The End Result: TrueMask ILT Does Full Chip in a Day and
Meets All Manufacturing Requirements

1-Day
Run Time

MRC
Clean

SymmetryEPEResilient
Masks

No Stitching
Errors
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TrueMask ILT Results on Memory Design with Free-Form 
Source Demonstrated at Micron

TrueMask ILT curvilinear mask designs for 
different pitches & orientations

Corresponding wafer target & simulated 
wafer contours
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different pitches & orientations

Corresponding wafer target & simulated 
wafer contours



D2S PATENTED TECHNOLOGY 18

TrueMask ILT Results on Memory Design with Free-Form 
Source Demonstrated at Micron 

TrueMask ILT curvilinear mask designs for 
different pitches & orientations

Corresponding wafer target & simulated 
wafer contours
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TrueMask ILT Results on Memory Design with Free-Form 
Source Demonstrated at Micron 

TrueMask ILT curvilinear mask designs for 
different pitches & orientations

Corresponding wafer target & simulated 
wafer contours
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Here is the Real Mask and Wafer Print!

TrueMask ILT curvilinear mask SEM 
for different pitches & orientations

Corresponding wafer print SEM

Mask printed on NuFlare MBM-1000
Thanks to ASML for their help to acquire wafer 

images with eP5 platform
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Here is the Real Mask and Wafer Print!

TrueMask ILT curvilinear mask SEM 
for different pitches & orientations

Corresponding wafer print SEM

Mask printed on NuFlare MBM-1000
Thanks to ASML for their help to acquire wafer 

images with eP5 platform
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Wafer Results Show TrueMask ILT Produces Much Larger 
Process Windows than OPC

TrueMask ILT Wafer Print for the 
Same Process Conditions

OPC Wafer Print at Different 
Process Conditions

40nm 
Contact
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Wafer Results Show TrueMask ILT Produces Much Larger 
Process Windows than OPC

TrueMask ILT Process WindowOPC Process Window

62.8nm Random Contact Green: <10% CD Variation

-60nm -40nm  -20nm  0nm     20nm    40nm   60nm -60nm -40nm  -20nm  0nm     20nm    40nm   60nm

93.3%

95.6%

97.8%

100%

102.2%

104.4%

106.7%
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Wafer Results Show TrueMask ILT Produces Much Larger 
Process Windows than OPC

TrueMask ILT Process WindowOPC Process Window

62.8nm Random Contact

Best Focus 
Norm Dose

60nm Defocus 
Norm Dose

60nm Defocus 
93.33% Dose

Best Focus 
Norm Dose

60nm Defocus 
Norm Dose

60nm Defocus 
93.33% Dose

Green: <10% CD Variation
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Is Curvilinear ILT for VSB Mask Writers Hopeless? 
Or Can Overlapping Shots & Simulation Save the Day? 

VSB Conventional Shots
557 Shots

VSB Overlapping Shots
103 Shots

Majority of shots in this case are SRAFs, not main features
SRAFs have little impact on wafer EPE
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Mask Wafer Co-Optimization (MWCO) Is the Key
Curvilinear ILT generation 

with Mask Rule Compliance 
(MRC)

Generate Overlapped Shots 
for VSB

MWCO: Optimize shots 
for wafer EPE

Output shots for VSB writer

Curvilinear ILT generation 
with Mask Rule Compliance 

(MRC)
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Small Jogs on Mask Filtered by Band-limited 193i Scanner
-Use Bigger Shots & Simulation to Reduce Shot Count
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Overlapping = Fewer Shots for Same Wafer EPE
- Use Overlapping Shots and Simulation to Reduce Shot Count

Conventional shots
120 shots, wafer EPE = 0

Overlapping shots
64 shots, wafer EPE = 0

Mask shots

Simulated wafer

Jog size = 200nm
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Balance Shots for Write Time & Mask-Pattern Fidelity
Main Features: Conventional, SRAFs: Overlapping
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MWCO: The Key is to Minimize and Move Shots based on 
Simulation & Wafer EPE, not Mask Shape

Generate Shots based on Mask EPE

Wafer target
Simulated wafer

Shots

2nm EPE
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MWCO: The Key is to Minimize and Move Shots based on 
Simulation & Wafer EPE, not Mask Shape

Wafer target
Simulated wafer

Shots

Moving Shots to minimize wafer EPE

2nm EPE 0nm EPE
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MWCO: The Key is to Minimize and Move Shots based on 
Simulation & Wafer EPE, not Mask Shape

Wafer target
Simulated wafer

ShotsOptimize Shots based on wafer EPE

0nm EPE
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VSB Writes Faster than Multi-Beam
When Shot Density is Below 36 shots/um2

Based on this NuFlare chart, 
if we want VSB writer to 

write a mask in less than 12 
hours, the average shot 
density should be <36 

shots/um2
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Let’s Evaluate Reduced Shot Count of MWCO Across 
Entire Chip Design Space – From Dense to Isolated
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Full Curvilinear ILT Mask w’ MWCO can be Written within 
12 Hrs on VSB Writer – Less Write Time than Multi-Beam
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Below this line 
write time < 12 hrs

Dominated by main features

Dominated by SRAFs

Lower pattern density

*Only array area used in shot 
density calculation
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TrueMask® ILT MWCO: Full-Chip Curvilinear ILT in a Day & 
VSB Writing in 12 hours for 193i

TrueMask ILT curvilinear mask VSB shots 
for different pitches & orientations

Corresponding simulated wafer 
print
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TrueMask ILT curvilinear mask VSB shots 
for different pitches & orientations

Corresponding simulated wafer 
print
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TrueMask® ILT MWCO: Full-Chip Curvilinear ILT in a Day & 
Full Mask Multi-Beam and VSB Writing in 12 hrs for 193i

TrueMask ILT curvilinear mask VSB shots 
for different pitches & orientations

Corresponding simulated wafer 
print
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TrueMask® ILT MWCO: Full-Chip Curvilinear ILT in a Day & 
Full Mask Multi-Beam and VSB Writing in 12 hrs for 193i

TrueMask ILT curvilinear mask VSB shots 
for different pitches & orientations

Corresponding simulated wafer 
print
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TrueMask® ILT MWCO: Full-Chip Curvilinear ILT in a Day & 
Full Mask Multi-Beam and VSB Writing in 12 hrs for 193i

TrueMask ILT curvilinear mask VSB shots 
for different pitches & orientations

Corresponding simulated wafer 
print



Thanks to ASML for their help to acquire wafer 
images with eP5 platform

Thanks to NuFlare for their help to write the 
curvilinear masks with MBM-1000


