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Wafer Lens Mask Lightsource

INTRODUCTION

PRINCIPLES OF PHOTOLITHOGRAPHY

Vivek Singh (NVIDIA): “Accelerating Computational Lithography” (GTC Spring 2023)@38C3



PRINCIPLES OF PHOTOLITHOGRAPHY

Semiconductor: “300mm silicon wafer manufactoring process” (https://www.youtube.com/watch?v=jnnXZa_hWq4)

Ultra pure quartz mining

Silikon ingot crystal growing

Ingot polishing and slicing

Wafer chemical and mechanical processing

SILICON WAFER PRODUCTION

© SIBELCO Corporation
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ZEISS: “How Chips Are Made” (https://www.youtube.com/watch?v=bUJiMJweI8M&t=85s)

https://www.youtube.com/watch?v=bUJiMJweI8M&t=85s


PRINCIPLES OF PHOTOLITHOGRAPHY

PHOTOMASK
▸ Electron beam printing 

▸ Zero defects 

▸ X: 33mm/13nm = 2.5x106 pixel 

▸ Y: 26mm/13nm = 2x106 pixel 

▸ 5T Pixel Screen

How it started…

© Intel Corporation

Asianometry, “The History of the Semiconductor Photomask” (https://www.youtube.com/watch?v=Pt9NEnWmyMo) 
ZEISS Group, “How Extreme Ultraviolet Lithography works II” (https://www.youtube.com/watch?v=wKWKq7TJSoU)

…and how it’s going.

© Intel Corporation
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PRINCIPLES OF PHOTOLITHOGRAPHY

PHOTOMASK
▸ Electron beam printing 

▸ Zero defects 

▸ X: 33mm/13nm = 2.5x106 pixel 

▸ Y: 26mm/13nm = 2x106 pixel 

▸ 5T Pixel Screen

Intel Core i7 Layout
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Asianometry, “The History of the Semiconductor Photomask” (https://www.youtube.com/watch?v=Pt9NEnWmyMo) 
ZEISS Group, “How Extreme Ultraviolet Lithography works II” (https://www.youtube.com/watch?v=wKWKq7TJSoU)

…and how it’s going. HDTV
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PRINCIPLES OF PHOTOLITHOGRAPHY

Cadence Design Systems, “Introduction to Electronic Design Automation” (https://www.youtube.com/watch?v=HkT363NUOBA) 
Synopsis, “World of Chips” (https://www.youtube.com/watch?v=o31uckqYchE)

ELECTRONIC DESIGN AUTOMATION
▸ NVIDIA ‘Hopper’: 80B Transistors 

▸ Designed in about 2 years  

▸ ‘100M transistors per day’ 

▸ 1-Layer Photomask File: 150GB 

▸ About 100 Layers in latest 3nm Process
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PRINCIPLES OF PHOTOLITHOGRAPHY

Cadence Design Systems, “Introduction to Electronic Design Automation” (https://www.youtube.com/watch?v=HkT363NUOBA) 
Synopsis, “World of Chips” (https://www.youtube.com/watch?v=o31uckqYchE)

ELECTRONIC DESIGN AUTOMATION
▸ NVIDIA ‘Hopper’: 80B Transistors 

▸ Designed in about 2 years  

▸ ‘100M transistors per day’ 

▸ 1-Layer Photomask File: 150GB 

▸ About 100 Layers in latest 3nm Process

≈100% market share

Prototyping on FPGAs

Thermal Simulations

Layout Optimization

Process Node
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PRINCIPLES OF PHOTOLITHOGRAPHY

Huygens Optics, ‘Imaging at ASML’ (https://www.youtube.com/watch?v=rdlZ8KYVtPU) 
Nan Fu et al. "EUV Lithography: State-of-the-Art Review” (http://www.jommpublish.org/p/29/)

DIFFRACTION
Smallest Feature Size =

Wavelength

Numerical Aperture

k1 factor
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DIFFRACTION
Smallest Feature Size =

Illumination Tricks Physics and Geometry
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COMPUTATIONAL LITHOGRAPHY

Wafer Lens Mask Lightsource

PRINCIPLES OF PHOTOLITHOGRAPHY

Vivek Singh (NVIDIA): “Accelerating Computational Lithography” (GTC Spring 2023)@38C3



COMPUTATIONAL LITHOGRAPHY

COMPUTATIONAL LITHOGRAPHY

Wafer Mask LightsourceNumerical Optimization

Vivek Singh (NVIDIA): “Accelerating Computational Lithography” (GTC Spring 2023)@38C3



COMPUTATIONAL LITHOGRAPHY
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ASML, "Computational lithography" (https://www.youtube.com/watch?v=9RZreu5z_Gc)@38C3
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ASML TwinScan NXT:1980Di
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COMPUTATIONAL LITHOGRAPHY

Vivek Singh (NVIDIA): “Accelerating Computational Lithography” (GTC Spring 2023)

COMPUTATIONAL DEMANDS IN CHIP DESIGN
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Vivek Singh (NVIDIA): “Accelerating Computational Lithography” (GTC Spring 2023)
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COMPUTATIONAL LITHOGRAPHY

Vivek Singh (NVIDIA): “Accelerating Computational Lithography” (GTC Spring 2023)
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Main-Pulse
(CO2)

EUV LITHOGRAPHY

THE EUV LIGHT SOURCE
▸ Droplet Size: 27 µm

▸ Droplet Frequency: 50kHz 

▸ Droplet Speed: 280km/h

▸ Droplet Distance: 1.6mm

▸ CO2 Drive Laser Power: 30kW

SemiSlides: “ASML EUV Light Source” (https://www.youtube.com/watch?v=LnsuCp1xt3w)

Pre-Pulse
(CO2)

Flight Path

Tin Droplets
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13.4nm EUV Light Main-Pulse
(CO2)

EUV LITHOGRAPHY

THE EUV LIGHT SOURCE
▸ Droplet Size: 27 µm

▸ Droplet Frequency: 50kHz 

▸ Droplet Speed: 280km/h

▸ Droplet Distance: 1.6mm

▸ CO2 Drive Laser Power: 30kW

▸ Plasma Temperature: 220k K

▸ EUV Wavelength: 13.4nm

SemiSlides: “ASML EUV Light Source” (https://www.youtube.com/watch?v=LnsuCp1xt3w)

Pre-Pulse
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Flight Path

Tin Droplets
Plasma
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(CO2)

EUV LITHOGRAPHY

THE EUV LIGHT SOURCE
▸ Droplet Size: 27 µm

▸ Droplet Frequency: 50kHz 

▸ Droplet Speed: 280km/h
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▸ CO2 Drive Laser Power: 30kW

▸ Plasma Temperature: 220k K
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EXTREME ULTRAVIOLET LITHOGRAPHY

EUV MIRRORS BY ZEISS
▸ EUV gets absorbed by matter

▸ Lenses => Bragg Mirrors 

▸ Single atom layer deposition

Mirror  
Substrate

Si
Mo

Constructive 
Interference

R=0.7 
A=0.3

ZEISS Group, “How Extreme Ultraviolet Lithography works III” (https://www.youtube.com/watch?v=_JCAmQXpdDs&t=8s) 
ZEISS Group: “High NA EUV optics preparing lithography for the next big step”

© ZEISS

© ZEISS
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EXTREME ULTRAVIOLET LITHOGRAPHY

EUV MIRRORS BY ZEISS
▸ EUV gets absorbed by matter

▸ Lenses => Bragg Mirrors 

▸ Single atom layer deposition

▸ Position control < 1nm
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EXTREME ULTRAVIOLET LITHOGRAPHY

EUV MIRRORS BY ZEISS
▸ EUV gets absorbed by matter

▸ Lenses => Bragg Mirrors 

▸ Single atom layer deposition

▸ Position control < 1nm

© ZEISS

Angular stability: hit golf ball on moon

© China Daily
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ZEISS Group, “How Extreme Ultraviolet Lithography works III” (https://www.youtube.com/watch?v=_JCAmQXpdDs&t=8s) 
ZEISS Group: “High NA EUV optics preparing lithography for the next big step”

© ZEISS
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EXTREME ULTRAVIOLET LITHOGRAPHY

EUV MIRRORS - 100PM ACCEPTABLE SURFACE DEVIATION
450mm 100pm

450km 100µm

@38C3



PRINCIPLES OF PHOTOLITHOGRAPHYASML TWINSCAN EXE:5000 - HIGH NUMERICAL APERTURE EUV

PRICE: $350M

ASML, “Unveiling High NA EUV” (https://www.youtube.com/watch?v=h_zgURwr6nA)

https://www.youtube.com/watch?v=h_zgURwr6nA


ASML headquarter in 1984

ASML headquarter in 2024

ECONOMICS OF SEMICONDUCTOR FABRICATION

https://www.asml.com 
statista.com

ASML
▸ Founded by Philipps in 1984 

▸ Today worth $400B  

▸ Lithography market share ≈ 90% 

▸ Single source for EUV technology

@38C3
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https://www.asml.com 
statista.com

ASML
▸ Founded by Philipps in 1984 

▸ Today worth $400B  

▸ Lithography market share ≈ 90% 

▸ Single source for EUV technology

ASML R&D Budget (Euro)

ASML System Sales (Euro)

CERN  
Budget
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ECONOMICS OF SEMICONDUCTOR FABRICATION

https://www.asml.com 
statista.com

ASML
▸ Founded by Philipps in 1984 

▸ Today worth $400B  

▸ Lithography market share ≈ 90% 

▸ Single source for EUV technology

ASML R&D Budget (Euro)

CERN  
Budget

Lithography Market Share
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© TSMC



https://www.nextplatform.com/2023/10/25/tsmc-makes-the-best-of-a-tough-chip-situation/ 
https://www.acquired.fm/episodes/tsmc 

https://clausaasholm.substack.com/p/the-state-of-the-foundry-market-before

FAB 21, Arizona, USA

ECONOMICS OF SEMICONDUCTOR FABRICATION

TSMC
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https://www.nextplatform.com/2023/10/25/tsmc-makes-the-best-of-a-tough-chip-situation/ 
https://www.acquired.fm/episodes/tsmc 

https://clausaasholm.substack.com/p/the-state-of-the-foundry-market-before

FAB 18, Tainan, Taiwan FAB 14, Tainan, Taiwan

ECONOMICS OF SEMICONDUCTOR FABRICATION

TSMC - GIGAFABS™
FAB 20, Hsinchu, Taiwan

▸ FAB Cost: $20B 

▸ FAB Power Consumption: 1GW 

▸ FAB Water Consumption: 8M l/day 

▸ FAB Output: 120k Wafer per month
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ECONOMICS OF SEMICONDUCTOR FABRICATION

TSMC - DOMINATING GLOBAL CHIP SUPPLY
▸ 60% market share of all chips 

▸ 92% market share of advanced chips 

▸ Capital Expenditure ≈ $30B / year 

▸ R&D budget ≈ $6B / year

https://www.nextplatform.com/2023/10/25/tsmc-makes-the-best-of-a-tough-chip-situation/ 
https://www.acquired.fm/episodes/tsmc 

https://clausaasholm.substack.com/p/the-state-of-the-foundry-market-before 
Bain/IC Insights/Gartner 

Azeem Azhar, Bloomberg 
TechAltar, "The fight for TSMC is heating up" (https://www.youtube.com/watch?v=qmn46KrztJ0) 

https://thenewglobalorder.com/world-news/the-disillusion-of-the-silicon-shield-myth/

FAB 20, Hsinchu, Taiwan
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