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Moore’s Law that used to be…

“What lies beneath? 50 years of enabling Moore’s Law”,  
Mike Czerniak, Solid State Technology , Nov. 17, 2015

Moore’s law Graph Source:

All based on Von Neumann Architecture
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Moore’s Law to be
Von Neumann  AND  Non-Von Neumann
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2022-2024 Computing Platforms

Source: “Neuromorphic Computing: From Materials to Systems Architecture” 

https://science.energy.gov/~/media/bes/pdf/reports/2016/NCFMtSA_rpt.pdf

Report of a Roundtable Convened to Consider Neuromorphic Computing Basic Research Needs,  
October 29-30, Gaithersburg, MD, USA, US DOE, Office of Scince
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Von Neumann AND Non-Von Neumann 
already here 

https://www.extremetech.com/computing/256467-intel-unveils-new-
neuromorphic-self-learning-chip-codenamed-loihi
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Loihi simulates a total of 130,000 neurons and 130 million 
synapses, all capable of communicating with each other… 
comparable to some small insects. For example, a common 
fruit fly, an insect studied for AI research, has about 250,000 
neurons and 10 million synapses. …human brain - 100 billion 
neurons, 
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Loihi simulates a total of 130,000 neurons and 130 million 
synapses, all capable of communicating with each other… 
comparable to some small insects. For example, a common 
fruit fly, an insect studied for AI research, has about 250,000 
neurons and 10 million synapses. …human brain - 100 billion 
neurons, 

This is Neuromorphic Part and     
it is (or will be) defect tolerant

This is Control Programming Unit                        
>50% area is defect intolerant
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Big 2017 Story – EUV Ecosystem status gives enough 
confidence to customers to place multiple tools orders

Source: https://staticwww.asml.com/doclib/investor/financial_results/2018/asml_20180107_presentation.pdf
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Foundries – 7nm (+, ++) EUV

Source: ASML 2017 Second-Quarter Results Webcast Presentation
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Stochastic Patterning Failures must be 
eliminated for  EUV HVM
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With 10B Via/Cuts per chip 5σ process 
will kill every chip – zero yield
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Via Patterning with EUV
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0.33 NA Limit

0.55NA Limit

26X32mm die

YB  2/26/2018

NA = 0.33 Illum.
quad with σ=0.2 
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Photon Shot Noise AND Resist Inhomogeneity
produce Stochastic Noise in Litho Channel

16-nm HP contacts ; NA = 0.33 
Illum. - optimized quad (σ=0.1) 

Yan Borodovsky, “The Future isn't what is used to be”, Leti Alternative Lithography Workshop, March 1, 2018, San Jose, CA, USA13



Stochastic Noise in the Channel is 
Significant  - parts per several millions
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Best Focus only
YB
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Via Patterning with EUV

Year Node EUV

2019 ~7nm 1X

2020 5nm 2X

2022 3nm 3X

2026 1.5nm ?

YB

Yan Borodovsky, SPIE Advanced Lithography, February 26,2018, San Jose, CA, USA

26X32mm die
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Source: Features Patterned with NXE 3300
NA=0.33
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Stochastic Nanofailures
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Yield and Stochastic Failures             
5nm Node

Source: Peter De Bisschop, “Stochastic effects in EUV lithography: random, local CD variability, and printing 
failures,” J. Micro/Nanolith. MEMS MOEMS 16(4), 041013 (2017), doi: 10.1117/1.JMM.16.4.041013.
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Defectivity Intolerance of Von Neumann Computing will 
eventually result in end of viable area scaling.

5nm Node and below 
will be progressively 
defect prone due to  
impact of Stochastic 
effects in EUV Litho.
Defects    = Yield
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Bioinspired Computing will be a vehicle to get 
Through Defect Limiting Moore’s Law Wall

“The future of electronics based on memristive systems”
Mohammed A. Zidan, John Paul Strachan & Wei D. Lu

Nature Electronics 1, 22–29 (2018),doi:10.1038/s41928-017-0006-8

Source

Yan Borodovsky, “The Future isn't what is used to be”, Leti Alternative Lithography Workshop, March 1, 2018, San Jose, CA, USA 20



Beyond von Neumann Computing – Opportunity 
for further scaling with 10X defect density

“Challenges and Opportunities for Efficient & Scalable Neuromorphic Systems”, Vivek De, Intel,  DAC54,  6/18-22/2017. Austin, TX USA
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Neuromorphic Circuit – circuit that in its 
structure mimics organization of the brain 

21



Bioinspired Computing might be a vehicle to get 
Through Defect Limiting Moore’s Law Wall

Neuromorphic Circuit mimic in its structure
organization of the brain
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RRAMs, Spin-Torque and other technologies are actively pursued 
as neuromorphic computing fundamental building blocks

The future of electronics based on memristive systems”
Mohammed A. Zidan, John Paul Strachan & Wei D. Lu

Nature Electronics 1, 22–29 (2018),doi:10.1038/s41928-017-

0006-8
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Neuromorphic computing as enabler to break 
through next Moore’s Law Wall

“Rescuing Memristor-based Neuromorphic Design with  
High Defects”
Chenchen Liu, * Miao Hu, * John Paul Strachan and † Hai
(Helen) Li;  Clarkson University*Hewlett-Packard Labs
†Duke University

Source: Prof. Chenchen Liu Presentation at DAC 17 

Full Paper:  DAC ’17, June 18-22, 2017, Austin, TX, USA
c 2017 ACM. ISBN 978-1-4503-4927-7/17/06. . . $15.00
DOI: http://dx.doi.org/10.1145/3061639.3062310
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Proposed MPU Architecture 

“The future of electronics based on memristive systems”
Mohammed A. Zidan, John Paul Strachan & Wei D. Lu

Nature Electronics 1, 22–29 (2018),doi:10.1038/s41928-017-

0006-8

Source:
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Proposed MPU Architecture shall 
support defect prone IC scaling

From  “Neuromophic device for Automotive” by Yoshifumi Sakamoto, Engineering and Cognitive Innovation, IBM Japan, LTD,  
email: sakay@jp.ibm.com
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Putting it all in Perspective
Von Neumann Computing will eventually hit scaling wall as defectivity required to 
support it will reach < 10-14/die features for overall 10-2/cm2 defects per wafer/per print.

Neuromorphic Computing can tolerate up to 4*10-1 defects per network.

Multiple technologies that were under development and commercialization efforts for 
>10 years but were not adopted for Logic will become viable alternatives to EUV to drive 
parts density and cost as per Moore’s Law

From ”A review of nanoimprint lithography for high-volume semiconductor device 
manufacturing” by Douglas J. Resnick/Jin Choi, 
Advanced Optical Technologies, Volume 6, Issue 3-4, 2017

NIL – OK to support Neuromorphic
parts manufacturing now?

How will it scale during next 10 years?

J-FIL Patterning 30nm half-Pitch at 60WPH

NanoImprint for Logic
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DSA Defectivity – OK to support 
Neuromorphic Products now?

Source:”DSA: How far have we come and how much further 
is left to go?” Darron Jurajda , Brewer Science, 2016 
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2024 - WOW!

From  “Neuromophic device for Automotive” by Yoshifumi Sakamoto, Engineering and Cognitive Innovation, IBM Japan, LTD,  
email: sakay@jp.ibm.com
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Defects – If you cannot beat them –
Join them

https://www.extremetech.com/computing/256467-intel-unveils-new-
neuromorphic-self-learning-chip-codenamed-loihi

Loihi simulates a total of 130,000 neurons and 130 million 
synapses, all capable of communicating with each other… 
comparable to some small insects. For example, a common 
fruit fly, an insect studied for AI research, has about 250,000 
neurons and 10 million synapses. …human brain - 100 billion 
neurons, 

EUV

DSA, NIL

CPU – Defect Intolerant – Traditional Litho
NMU- Defect Tolerant – Minimal Cost Litho 
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Future
Path?
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Defects: If you cannot beat them –
join them

Von Neumann Computing will eventually hit scaling wall as defectivity requirements 
will reach < 10-14/chip features  for overall  0.01/cm2 defects/layer  on a wafer.
Neuromorphic Computing can tolerate up to 4*10-1 defects per network.   
Neuromorphic Computing defect tolerance will enable continuation of Moore’s Law by 
augmenting  Von Neumann Control parts on the same 2 chip part.

Neuromorphic Computing is expected to be Artificial Intelligence workhorse.                

IDC forecasts Global Revenue for Cognitive and AI Systems going from $18B in 2017 to 
$46B in 2020 and Global Cognitive and AI Systems Spending annual growth rate (CAGR) 
of 54.4% through 2020 .  Word of caution: AI is at the top of Gartner Hype Cycle now. 

Collaboration between Technologists and Computer Architects is needed to create 
compelling computing products that take advantage of defect tolerant manufacturing.

Directed Self Assembly and NanoImprint Lithography are in a good position to 
support Neuromorphic Computing parts patterning to provide necessary 
means to enable Moore’s Law beyond capabilities of conventional Lithography
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Thank you for 
your attention!

Time for 
Questions
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Presentation Format

• Most of the information to be presented are from my previous public talks 
approved by my former employer, Intel, for external presentation and 
publications. Those foils will be copied “as is” and will have Intel logo, 
colored background and information on where and when those were 
presented.

• Foils made for this presentation will be on simple white background and 
will have no Intel logo.

• Multiple foils will be using materials presented or published by others 
during 2015-2018 and will have its source shown on the foil. My additions 
to those, if any, will be in italic red.
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