is paper describes objective technical results and analysis. Any subjective views or opinions that might be expres
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Governm

From Electrical Measurement Data To CompazhRsnitda Merlsls
F'SAND2019- 9190C
Karthik V. Aadithya @ Paul A. Kuberry Eric R. Keiter
| Org. 1355 Org. 1442 Org. 1355
- ‘}l ]
Pavel B. Bochev r; Alan A. Mar g Ting Mei
Org. 1442 Org. 5445 Org. 1355
e Photo \
Biliana S. Paskaleva - Kenneth M. Leeson
|| Org. 1356 ~4 Org. 1356

Machine Learning and Deep
Learning Conference 2019

Sand'a (‘” U.S. DEPARTMENT OF v b(ﬂ'
National | 1©; ENERGY NN SH
Laboratories o Mo oy imbiorwion

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia LLC, a wholly
owned subsidiary of Honeywell International Inc. for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA003525. 4 1/15



Overview of this talk

Part 1.
Circuit design basics.

a 2/15 b



Overview of this talk

Part 1.
Circuit design basics.

Part 2.
Compact models: what they are, why they're needed.

< 2/15 >



Overview of this talk

Part 1.
Circuit design basics.

Part 2.
Compact models: what they are, why they're needed.

Part 3.
Developing compact models is hard.

< 2/15 >



Overview of this talk
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Circuit design basics.

Part 2.
Compact models: what they are, why they're needed.

Part 3.
Developing compact models is hard.

Rart 4.

Our solution: use machine learning to create compact models.
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Problem

Designing circuits
(e.g., amplifiers)
that meet Sandia’s
stringent specs

Lego-style circuit design et

N

Build complex circuits

by connecting together E
simpler devices

(e.g., diodes, BJTs)

Design philosophy 8

Each device performs a specific function

p-—»NBM—m Impediment. Limit current
in a circuit branch.

Resistor
Gatekeeper. Allow current
P : " one way, block it the other
Diode

way.

2
p—i—n
Capacitor

C

BT

Reservoir. Store charge,
convert it into current
later.

Switch. When B is +ve, allow
current between C and E;
disallow when B is -ve.
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Modern circuit design = Heavily computer-aided

Modern circuits are huge, cannot be built by hand

9.6B transistors, 14nm 2B transistors, 20nm

Complex designs

® |ots of inputs, outputs, and internal states
® Digital, analog, and mixed-signal functionality
® Wide range of operating environments

EDA/CAD software tools used for every step in design cycle
Extensive circuit simulation to validate, test designs pre-fab

UTspice ,
"y Xyce  ocappspice

A~ sPcEopUs  Spyce  MAPP
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Circuit simulators need to be told how devices behave
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Compact models: some simple examples
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“Real” compact models: the BSIM family
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“Real” compact models: the BSIM family

5,444 lines of code

Pages and pages of
equations (644 in all)

Several PhD students over
20+ years; this is just
the current group.

Developing a compact model: NOT an easy undertaking!
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Results (1/2)

1N4148 diode data: ipn vs vpn a . . . .
““1 ® We designed a full-wave rectifier circuit using
: data-driven compact models for a 1N4148 diode.
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1N4148 diode data: ipn vs vpn

® \We designed a full-wave rectifier circuit using
data-driven compact models for a 1N4148 diode.
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VW Full-wave rectifier: TRAN simulations with neural network, GMLS diodes
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Neural ) = vout: TensorFlow + Spyce
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2M2222: IC vs vCB at const vEB

2N2222: iE vs vCB at const vES

|
=l

2N2222: IC v VEB at const vCB

A
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2N2222: IE v VEB at const CB

Data-driven
Compact Model

Results (2/2)

® We designed a differential-pair amplifier using a

data-driven compact model for a 2N2222 BJT.
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Results (2/2)

® We designed a differential-pair amplifier using a
data-driven compact model for a 2N2222 BJT.
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Results (2/2)

| & 7‘{; ® We designed a differential-pair amplifier using a
1 T data-driven compact model for a 2N2222 BJT.
| p J
E f, Differential-pair amplifier: TRAN simulation with 2D-spline BJTs
2D splines
via SciPy
Data-driven

Compact Model
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Challenges

® |earning g is harder than learning f

Compact model: i 6({ K}) + F({ :
dt i

® \We have techniques to learn f from DC data
® We are working on how to learn ¢ from small-signal impedance data
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Challenges

® Learning ¢ is harder than learning f

Compact model: i 6([ K}) + F({ :
dt i

® \We have techniques to learn f from DC data
® We are working on how to learn ¢ from small-signal impedance data

® Newton-Raphson often fails with data-driven compact models

® |dea 1. Construct models with better monotonicity
® |dea 2. Limit oscillations with Predictor/Corrector Newton-Raphson
® |dea 3. Extrapolation heuristics for GMLS

® The compact model form above may not be general enough

® Cannot handle “dead delays”, transmission lines
® \We may need to generalize it further
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