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Upcoming DL session today

The self-driving photomask (Invited Paper)
Time: 11:05 AM - 11:30 AM
Author(s): James P. Shiely, Synopsys, Inc. (United States)

Fracture time predictor in mask data preparation using machine learning
Time: 11:30 AM - 11:50 AM
Author(s): Diego Palma, Daniel Calderon, Synopsys Chile Ltda. (Chile)

Deep learning in DFM applications
Time: 11:50 AM - 12:10 PM
Author(s): Tetsuaki Matsunawa, Shigeki Nojima, Toshiba Corp. (Japan)
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Architecture Inspired by Brain

Information Signal Movement
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Brain Information Movement Neural Networks Information Movement

Source:
https://www.theodysseyonline.com/asmr-brain-improve-mood
https://blogs.systweak.com/2018/03/will-capsule-networks-replace-traditional-neural-networks/



Deep Learning Matters To You!!
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Impossible became Possible - Recognition

Cat / Dog Recognition
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Fruit Recognition

Source:
https://neurohive.io/ru/osnovy-data-science/perseptron-rozenblatta-mashina-kotoraja-smogla-obuchatsja/
https://www.spindox.it/it/blog/reti-neurali-convoluzionali-il-deep-learning-ispirato-alla-corteccia-visiva

- Impossible Before 2012
- Now better accuracy than human
- Even high schooler does with ~95% accuracy



Impossible became Possible - Recommendation
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Source:
https://www.geekwire.com/2014/walmart-com-borrows-ideas-amazon-offering-product-recommendations-fast-check-outs/
https://bits.blogs.nytimes.com/2009/09/21/netflix-awards-1-million-prize-and-starts-a-new-contest/



Impossible became Possible - Art

Neural Style Transfer
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https://towardsdatascience.com/artistic-style-transfer-b7566a216431

Picture of Dog Style: Starry Night of Vincent van Gogh New Artwork



Impossible became Possible - Game
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https://giphy.com/gifs/qz-7pQ5H5FXlNcf6

AlphaGo – Win over Lee Sedol in Go game



Impossible became Possible - Driving

Self Driving Car
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Source:
https://gfycat.com/gifs/detail/EnormousRichKentrosaurus



Deep Learning Scales Infinitely - Automatically
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2015 2016 2017

7 ExaFLOPS
60 Million Parameters
8 Layers -> 150 Layers

20 ExaFLOPS
300 Million Parameters
Complex Architecture

100 ExaFLOPS
8.7 Billion Parameters
Even More Complex 

Architecture

Source: scaledml



Deep Learning Flips Programming

Program
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Mask Manufacturing Problems are a bit different …

ImageNet:

14.2M images
▪ 1.2TB for complete dataset

3 𝜎 accuracy is considered great

Better than human is sufficient

Masks:

540TB in 10nm pixels to write a mask
▪ One Mask > 450 x ImageNet dataset

>7 𝜎 accuracy required
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Deep Learning has Multiple Types

Supervised 
Learning

Unsupervised 
Learning

Reinforcement 
Learning
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Semiconductor manufacturing problems benefit from all types



Supervised Learning

Labeled Data is available. 

Example

In Semiconductor Manufacturing
▪ Help predicting OPC mask shape based 

on target layout
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Source
https://themarketmogul.com/boosting-algo-0_v2-1/
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Supervised Learning in Computational Lithography

© Copyright 2018 Center for Deep Learning in Electronics Manufacturing, Inc. 18

Conventional ILT

Accelerate Iterative Optimization

Target

Optimized
Mask

Iterative
Optimization ~100X

Target

Optimized
Mask

Iterative
Optimization ~30X

Deep 
Learning 

Initial 
Embedding

ILT w/Deep Learning

Accelerate Accurate (Slow) Models

Optics
Model

Resist
Model

Mask

Layout

Deep Learn
Model

Fast
Model

Mask

Layout



Unsupervised Learning
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Source: 
https://medium.com/@ekrem.hatipoglu/machine-learning-clustering-k%C3%BCmeleme-k-means-algorithm-part-13-be33aeef4fc8

Model
Evaluate

Error
Input

Update
ModelNO Labeled Data is available. 

Example

In Semiconductor Manufacturing
▪ Fault detection &

recommender system

▪ Learn from historical faults and 
recommend for new ones

Products UsersRecommendation 
Engine



Unsupervised Learning in EM Violation Waiver 
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Source: 
https://ieeexplore.ieee.org/document/8297359/

EM Waiver Recommender

EM (ElectroMigration) Violations Waiver 
Recommender in Semiconductor Design



Reinforcement Learning

Actions based Rewards to maximize next Action 

Similar to training your dog – action has good or 
bad rewards

Example

In Semiconductor Manufacturing
▪ Need to find one ☺
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Deep Learning is Just Beginning
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Deep Learning is changing every Business 
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Deep Learning is changing every Business 

Yours too!!




