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A Talk in 3 Disruptions (3 Chips)
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Disruption #1

~1980
• 𝜆 = 4µm 
• Depletion-mode NMOS
• Single metal
• 503 transistors
• 200KHz
• Fabbed by General Motors
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Disruption #1

• Multiply-Add Circuit • Technology

4000nm node ( ~½-CMOS )< 100 gates



Disruption #1:  Mead & Conway

Before this book:

Only chip designers 
were in corporations

M&C let academics
do chips –then EDA



~1980 Design 
Methodology & 
Toolchain

• Ladder
• Line-printer
• Masking tape
• Sharpie
• DRC checker
• BSD Unix ”vi” editor

Takeaway:  EDA matters…



Disruption #2
2

1988
3µm CMOS

OTA opamp

2-Stage opamp



Disruption #2:  Algorithmic Analog EDA
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First synthesized circuits
from the CMU analog tools



Broader Disruption:  Algorithmic EDA

Twin disruptions of 1980s, 90s

• Moore’s law 
• Exponentially better, cheaper hardware

• Rise of algorithms
• Model problems formally, with principled goals
• Measure, approximate circuit results, inside algorithms
• Focus on accuracy, complexity & efficiency
• We apply ideas from optimization



Synthesis = Algorithms + Optimization

• Smart models & engines to support principled search 
for best design to meet designer constraints
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Analog EDA:  Fundamental Debate
• Nope – it’s optimization:  
big hard optimization
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• Analog – it’s art, mysterious, 
all patterns in my head



Landscape of “Core” Analog Tools
Gain 60dB
UGF  111MHz
Phase  60deg
Slew  2V/us
CMRR: 60dB
PSRR: 70dB
THD:  1%
...
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Two (Historical) Analog Examples
• Practical Spice-in-the-Loop 

optimizers for sizing/biasing
• Automatic layouts with both 

aesthetics & performance
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Looking Back….
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What did we get right?
We did we get wrong?



Simplify All EDA into 2-Dim Space

• Claim*:  There are only 2 kinds of EDA tools

INSURANCE PAIN RELIEF



Optimization works well here

Analog EDA on Pain/Fear Plot
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Optimization works well here

Analog EDA on Pain/Fear Plot
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Optimization works well here



Aside:  Enduring Role of MODGEN
250nm
Place ~ floorplan

14nm
Place ~ fixed grid

In either case,
nobody wants to
draw device shapes
all by hand



Teaser for Final Part of Talk
• Analog – expert • Analog – optimizer
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Disruption #3
3

• TSMC 16nm FFC
• ~2M gates, 450MHz
• Part of a larger SOC experiment at 

Harvard called SM5: ML for IOT 

2020



PGMA vs Arm53 vs eFPGA (on SOC)
• PGMA:  1000X+ throughput vs CPU;   6X+ ops/W vs eFPGA
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Key Takeaways

• The world changed
fundamentally in 2012

• AI is invading everything, 
everywhere (even Rob…)

• Even EDA… NIPS 2012



Quantifying AI in EDA:  DAC22

DAC22 program:  Count every
talk, tutorial, poster, slot, that

mentions AI, ML, deep nets…

SalSlotses

NOT AI

AI

836 DAC 
event slots

~28%



AI = Statistical regression, 
in high-dimensional spaces…

…to find low-dimensional patterns



“cat”



“bug”



Analog and AI, Revisited
• Analog – expert • Analog – optimizer
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Analog as “Operationalized Patterns”

”This is ugly"

“This is not what
I had in mind”

Fundamental truth about analog:
Aesthetics often a surrogate for correctness



“A physical law must possess
mathematical beauty”

—Paul  Dirac



AI Meets “Core” Analog Tools…?
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Digital Ex:  AI Meets Floorplanning



Bonus Disruption…

1 2 3 4



VLSI CAD MOOCs

• Since 2013, I’m running 
MOOCs on VLSI CAD 
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Thanks!


