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Digital Twins for Curvilinear World
- Everyone Here Needs a Curvilinear ILT Digital Twin
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Curvilinear Data is Here Today and Just Going to Increase 

D2S TrueMask® ILT curvilinear mask 
SEM for different pitches & orientations

Corresponding wafer print SEM

Mask printed on NuFlare MBM-1000, mask & wafer SEM courtesy of Micron, wafer data collected by ASML eP5 
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Ecosystem Needs Curvilinear Data for Testing

MDP              Mask Writer      Mask CD SEM   Mask Inspection Mask Review    Mask Repair

eBeam Wafer Inspection      Wafer CD SEM             Wafer Review SEM
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How Do You Get Access to Curvilinear Data?  

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)

TrueMask® ILT

Conventional ILT TrueMask ILT



You Need a Digital Twin of ILT
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What is a Digital Twin?

Dynamic, virtual representation of a 
physical asset, product, process, or 
system

Digitally models the properties, 
condition, and attributes of the real-
world counterpart

Used for 
• Training

• Prediction

• Generate input

Real System and Its Digital Twin
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Deep Learning Generates Curvilinear ILT Digital Twin: 
Fast & Cost Effective Way to Create Curvilinear ILT

Deep Learning Neural Network 
Trained with TrueMask ILT

Wafer Target Pattern
ILT Mask Pattern Generated by 

TrueMask DLK Digital Twin
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TrueMask ILT and Its Digital Twin

TrueMask DLK Digital Twin                 TrueMask ILT                 
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TrueMask ILT and Its Digital Twin

TrueMask DLK Digital Twin                 TrueMask ILT                 
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TrueMask ILT and Its Digital Twin

CAUTION: DL-based Digital Twin Not Good Enough for Wafer Print!

TrueMask DLK Digital Twin                 TrueMask ILT                 
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Together with SEM Digital Twin You can Generate 
Data to Train Your Deep Learning Networks

11

Simulated Mask Pattern SEM image by Digital Twin Real SEM image
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The Adoption of Curvilinear Masks has Started 

Mask Data 
Preparation

• MDP

• MPC

• Mask 
Verification

Mask 
Writing

• VSB

• Multi-beam

Mask 
Metrology

• CD SEM

• Wafer Plane 
Analysis

Mask 
Inspection

• MPI

• WPI

Mask 
Review

• AIMS

Mask 
Repair

• eBeam

• Atomic 
force
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Mask Inspection is Ready for Curvilinear ILT Masks

Courtesy of Dr. Sterling 
Watson at KLA
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Mask Review is Ready for Curvilinear ILT Masks

✔

Source: 

“Computational 
Lithography & Inspection 
(CLI) and its Applications 
in Mask
Inspection, Metrology, 
Review, and Repair”

Article in Proceedings of 
SPIE - The International 
Society for Optical 
Engineering · September 
2010

DOI: 10.1117/12.868034
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Mask Repair is Ready for Curvilinear ILT Masks

✔

Source: 

“Computational 
Lithography & Inspection 
(CLI) and its Applications 
in Mask
Inspection, Metrology, 
Review, and Repair”

Article in Proceedings of 
SPIE - The International 
Society for Optical 
Engineering · September 
2010

DOI: 10.1117/12.868034
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Mask Shops & Equipment Makers Can Use Curvilinear ILT 
Digital Twin to Test for High Volume Manufacturing

Mask Data 
Preparation

• MDP

• MPC

• Mask 
Verification

Mask 
Writing

• VSB: 
Overlapped 
shots

• Multi-beam

Mask 
Metrology

• CD SEM: 
Contour and 
EPE

• Wafer Plane 
Analysis

Mask 
Inspection

• Contour 
based

• MPI and 
WPI

Mask 
Review

• AIMS

• Analysis: 
D2D, D2DB

Mask 
Repair

• eBeam

• Tool: 
Reference 
Pattern 
Generation

✔ ✔ ✔ ✔ ✔ ✔
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Next Year You can Expect to See Curvilinear Data 
Everywhere




