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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
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Disruption #1:  Mead & Conway

Before this book:

Only chip designers 
inside corporations

M&C let academics
do chips –then EDA
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~My 1980 Design 
Methodology & 
Toolchain

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

Takeaway:  EDA matters…
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Disruption #2
2

1988
3µm CMOS

OTA opamp

2-Stage opamp
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Disruption #2:  Algorithmic Analog EDA

2

First synthesized circuits
from the CMU analog tools
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Aside:   Timeline…

1986 - 1998 1998 - 2004 2004 - today
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Aside:   Timeline…

Maintain Design Intent 
Through Your Design Cycle

The Virtuoso Analog Design 
Environment product suite provides 
all the capabilities required to fully 
explore, analyze, and verify a design 
against your desired goals, allowing 
you to maintain design intent 
throughout the design cycle. As the 
industry’s leading solution for analog 
simulation control and management, 
it allows you to flexibly select the tier 
that best supports your design goals 
as they move through the design flow. 
Virtuoso Analog Design Environment 
L provides a quick entry into the 
analysis process with easy execution 
of simulations. Virtuoso Analog 
Design Environment XL extends the 
L tier capabilities, providing multiple 
test support, analysis over sweeps, 
corners, and Monte Carlo simula-
tions; supporting easy review of all 
results directly; and generating spec-
comparison sheets and datasheets 
as needed. Virtuoso Analog Design 
Environment GXL builds on L and XL 
capabilities by providing targeted tools 
that aid with key design challenges 
with early parasitic analysis, design 
centering, and designing in multi-
technologies. 

Virtuoso Analog Design 
Environment GXL Overview 

Virtuoso Analog Design Environment 
GXL uses the same advanced design 
and simulation cockpit as Virtuoso 
Analog Design Environment XL, and 
includes extended analysis capabilities 
for more detailed design exploration. 
A user can choose to launch Virtuoso 
Analog Design Environment GXL 
directly or just access the additional 
analysis capabilities from Virtuoso 
Analog Design Environment XL. 

Benefits 

•	 Features extensive design 
exploration with sensitivity and 
mismatch variation contribution 
analyses 

•	 Manual tuning and advanced 
optimization algorithms improve 
design centering within multiple 
specifications

•	 Built-in parasitic estimation flow 
helps design convergence by making 
it possible to quickly identify and 
analyze parasitic sensitivities prior 
to layout 

•	 Support for multiple technologies 
facilitates multi-power domain 
design analysis 

•	 Generates worst-case corners for 
your design, including deriving 
specific corner cases from statistical 
simulation data

•	 Schematic migration tool plus 
optimization helps you quickly 
retarget your design from one 
process to another 

•	 High-yield estimation tool provides 
you with accurate estimations of 
four, five, or six-sigma distributions 
for your circuits

Features 

Extensive design exploration 

To further understand the behavior 
of a design, you can run sensitivity 
analysis to identify weaknesses in 
a design to process variations and 
for design sizing. You can then 
automat¬ically create design-specific 
corners for signoff-level simulation. 

Built upon the statistical analysis 
capabilities in Virtuoso Analog Design 
Environment XL, the tool provides 
mismatch analysis capabilities that 

Cadence® Virtuoso® Analog Design Environment GXL provides all the capabilities of Virtuoso 
Analog Design Environment L and XL for thorough exploration and validation of a design. 
Additionally, Virtuoso Analog Design Environment GXL enables you to explore parasitic effects 
and sensitivities to improve yield; create design-specific worst-case corners; and find the optimum 
design over nominal, corner, or target yield. A flexible licensing methodology further ensures a 
cost-effective application of the tool’s capabilities.

Virtuoso Analog Design Environment GXL
Variation analysis simplified

Neolinear tools became Virtuoso ADE-GXL 
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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
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Synthesis = Algorithms + Optimization

• Smart models & engines to support principled search 
for best design to meet designer constraints

Evaluated
Performance

Candidate 
Design

Optimization
Engine

Evaluation
Engine
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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
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Landscape of “Core” Analog Tools
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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….

©  Rob A. Rutenbar 2015

-
+

What did we get right?
What did we get wrong?
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Simplify All EDA into 2-Dim Space

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

INSURANCE PAIN RELIEF
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Optimization works well here

Analog EDA on Pain/Fear Plot

FEAR

PAIN

lo hi

lo

hi

(Let's plot all my tools,
first at Neolinear, and
then how they migrated
into Cadence environment)
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Optimization works well here

Analog EDA on Pain/Fear Plot

(After connection
with more customers
at large scale…)
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Aside:  20+ Yrs of Moore’s Law…
250nm
Place ~ floorplan

14nm
Place ~ fixed grid

In either case,
nobody wants to
draw device shapes
all by hand
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Teaser for Final Part of Talk
• Analog – expert • Analog – optimizer

Evaluated
Performance

Candidate 
Design

Optimization
Engine

Evaluation
Engine

© Rob A. Rutenbar, U. Pittsburgh



Disruption #3
3

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

Harvard called SM5: ML for IOT 

2020
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PGMA vs Arm53 vs eFPGA (on SOC)
• PGMA:  1000X+ throughput vs CPU;   6X+ ops/W vs eFPGA

A53

A53

eFPGA
eFPGA

PGMA

PGMA
Performance Performance/Watt
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Key Takeaways

• The world changed
fundamentally in 2012

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

• Even EDA… NIPS 2012
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Quantifying AI in EDA:  ICCAD22

ICCAD22 program:  Count every
talk, tutorial, workshop, slot, that

mentions AI, ML, deep nets…

SalSlotses

NOT AI

AI

172 ICCAD 
event slots

~41%
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BTW – Same for DAC22

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

mentions AI, ML, deep nets…

SalSlotses

NOT AI

AI

836 DAC 
event slots

~28%
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AI = Statistical regression, 
in high-dimensional spaces…

…to find low-dimensional patterns
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“cat”
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“bug”
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Analog and AI, Revisited
• Analog – expert • Analog – optimizer

Evaluated
Performance

Candidate 
Design

Optimization
Engine

Evaluation
EnginePatterns in 

my head

& deep patterns

Now, we can operationalize
“deep patterns” in tools!
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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
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“A physical law must possess
mathematical beauty”

—Paul  Dirac
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AI Meets “Core” Analog Tools…?
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Digital Ex:  AI Meets Floorplanning
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Bonus Disruption…

1 2 3 4
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VLSI CAD MOOCs

• Since 2013, I’m running 
MOOCs on VLSI CAD 
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Hypothesis:  COVID is
responsible for more global

Interest in EDA than anything
we’ve seen – since this book
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ICCAD & 
SIGDA:

Thank You!
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