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Resolution of
Noninvasive Brain Scanning

Logarithmic Plot

“The Moore’s Law of Brain Scanning”
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Cost of Sequencing One Human Genome
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The Moore’s Law of DNA Sequencing

1.5x / year
To 10x / year

’ (Sometimes the

exponent changes)

[Church]
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Will the Real Moore’s Law Please Stand Up? (Please stand up)
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The Actual Moore’s Law
(About transistor size.)

Gate length (nm)
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[ International Technology Roadmap for Semiconductors, 2011]
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Redux:
The Moore’s Law of DNA Sequencing

1.5x / year
To 10x / year

& Because it touched the
real Moore’s Law!
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Why
Moore’s Law?



Market Motivations

Consumer products (biggest driver of semi),
automotive, aerospace, etc
$T’s

Semiconductor Industry $300B
= Custom

Big = Mixed- .+ (analog, RF,
Digital = signal  * memory,
= = std cell)

Electronic Design
Automation $5B

«Custom

Big
Digital



Market Motivations

Pressures:

*Time to
market

Semiconductor Industry $300B

: = « Custom
Big . Mixed- < (analog, RF,
Digital s signal f memory, ‘Performance
. ! std cell) :ég"svtpo""er

Electronic Design
Automation $5B
=Custom

...drive the challenges
and opportunities

Big
Digital



Computer-aided design (CAD) tools
cognitively enhance designers’ abilities

Examples:
 Predict the effect of manufacturing
* Visualize circuit behavior
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Computer-aided design (CAD) tools
cognitively enhance designers’ abilities

Then we build a chip.
We can use those chips to design on. It bootstraps!




The Bootstrap

Gate length (nm)
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[ITRS, 2011]



(Temporary)
Barriers to Moore’s Law



Barrier #1:
Complexity at the very top (1G+ devices)



SvstemC Environment
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Processor 1 (OVP VMI) |3
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Barrier #2:
Complexity at the very bottom:
variation a.k.a. physics gone mad



Transistors Are Shrinking...
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Transistors are shrinking
But atoms aren’t!

traditional 22nm sub 10 nm (2020)

A. Asenov, "Statistical Nano CMOS Variability and Its Impact on SRAM", Chapter 3, A. Singhee and R. Rutenbar, Eds.,
Extreme Statistics in Nanoscale Memory Design, Springer, 2010



Variation = atoms out of place

...Propagating from devices to performance & yield
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Variability-Related Circuit Design Challenges
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How to verify a memory with 1 billion bits? (Gbit)
How to improve the design?
(with variation gone wild)

How to verify a PLL with 3375 PVT corners?
How to improve the design?
(with variation gone wild)

To get lower power, lower delay, lower area, all in less time?
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Barrier #2:
Complexity at the very bottom:
variation a.k.a. physics gone mad

Solution:
Traditional CAD tools?



Q: Can (traditional) Computer-aided design (CAD)
tools solve the variability problem?

A: No. Our brains cannot process all the
information needed for design. (It's been tried).



Barrier #2:
Complexity at the very bottom:
variation a.k.a. physics gone mad

Solution:
Artificial Intelligence (Al)?



Al-driven Computer-aided design (CAD) tools

Solution: Al-driven CAD tool
Al gets faster when the Si substrate faster.
No more human bottleneck!



Example: Al-Driven Variability-Aware Memory Design

1. Generate (but don’t simulate) 1B
Monte Carlo samples

2. Order the 1B samples:

* Choose initial samples, & simulate
* Build model that predicts order

e Order the samples using model
3. Simulate in that order

« Until tail found / all failures found

11

e ————— O {{SC 1

Simulation order

Interesting: many parallels with web search page-ranking



Example: Al-driven “corners” analysis

TSMC 28nm, VCO of a PLL

Specs: 48.3 < duty cycle<51.7 %, 3 < Gain < 4.4GHz/V

Traditional: 3375 PVT corners to simulate (temp, V,;, 44 Vavdar Vavag, @and 15 model sets)
With Al: 275 corners to simulate, as thorough as before
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Example: Al-based whitebox models of circuits
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Example: Al to synthesize analog circuit topologies
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Example: Al to generate decision trees
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Some Al tools that | use for circuit design
(and where else they’re used)

Classification — Layout analysis, high-sigma analysis, Fraud detection, spam
filtering ...

Regression — Circuit optimization, fast design sweep, high-sigma analysis,
Stock prediction, sensitivity analysis ...

Whitebox regression — Behavioral modeling / system level simulation, Scientific
discovery ...

Optimization — Worst-case PVT analysis, circuit cell optimization, airfoil design,
circuit simulation ...

Structural synthesis — Analog topology synthesis, robotics ...
System identification — Behavioral modeling, Scientific discovery ...
Ranking — High-sigma analysis, Web search, ad serving, social discovery ...

Control — Behavioral modeling, Auto-driving autos, spacecraft trajectories ...



Gate length (nm)

The Bootstrap, on Al steroids

Each of these steps is clocked by how
fast we can go through the cycle.
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