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NEEDS

Goal:
To advance the science of nanodevices
and enable new applications.

Focus:
1) Physics-based compact models for
emerging devices.

2) Infrastructure to support the NEEDS
team and the broader community.




Electronics is in transition

We Will End Disability by Becoming Cyborgs (ﬂﬁ’
Robots Will Pave the Way to Mars o
Make Your Own World With Programmable / g\
Matter L
Digital Actors Go Beyond the Uncanny Valley // ;‘ 2
The Rise of the Personal Power Plant 718

Wearable Computers Will Transform W \
Language \
Driverless Cars: Optional by 2024, Mandatory
by 2044 \/ W
So, Where Are My Robot Servants? ‘

“The Future We Deserve”, IEEE Spectrum, Jan. 2015.



systems and applications

3) SPICE-compatible
“simulation ready”
compact models

1) Physics-based
analytical or Matlab
model

Publish and
disseminate to

the broader
community

2) Experiments and
rigorous simulations

nanoscience of materials and devices 4



NEEDS device science: spintronics

Elemental Modules

Supriyo Datta and Kerem Camsari, Purdue

Transport
Modules

Magnetics
Modules

1-@*2

Non-Magnet (Cu, Si,
graphene)

[}

Rashba Spin
Orbit (GaAs)

I
S O "
7 = m

~

LLG
Solver (magnetization
dynamics)

Ferromagnet (CoFeB,
NiFe)

4
1 2
3
Giant Spin Hall Effect

(Pt, W, Ta)

m

1==>| Magnetic

Tit;—>| Coupling [

Magnetic
Coupling (Exchange,
Dipolar)

Ferromagnet|N
agnet Interfac
(NiFe||Cu)
3
’

T BT Y

Topological Insulator

(BizSeq)

I
SPINPUMP |

Gt
Spin Pumping

New!




NEEDS device science: RF GaN FETS

Device Technology Circuit Design
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Dimitri Antoniadis and Ujwal Radhakrishna , MIT



NEEDS device science: Integrated nanosystems

The carbon-nanotube Compact models: essential, but insufficient alone
computer has arrived

The most compiex elecrronic device yet bullt from carbon nanombes has been
demonstrated. The sysoem is 2 funcrional universal compuzer, and represemts 2
significans advance in the field of emerging dectronic maserials. Sex Lormas ».526

3-D Resistive RAM /8
Massive storage %%

2-D layered materials
Memory Iinterface

Carbon Nanotube FETs »
Processor

H.S.P. Wong and S. Mitra

(ICCAD 2015 Workshop on Variability
Modeling and Characterization)




NEEDS device science: implantable optogenetics
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J. Rogers (UIUC), P. lIrazoqui, T. Fisher, and M. Alam (Purdue)



Specific Infrastructure Goals

Develop a suite of open-source, physics-based
compact models for emerging nanodevices.

Create tools and processes for developing compact
models.

Produce educational resources to support 1) and 2).

Leverage nanoHUB.org to engage a broad community
of device researchers and designers.
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NEWEST COMPACT MODEL RELEASE: Optical Ring Filter (ORF)
Modspec Compact Model and Non-Faradaic Impedance-based
Biosensor Model.

NEEDS announces the public release o
based platform for prototyping compact models and simulation
algorithms.

GET STARTED ON COMPACT MODELING: Take Colin McAndrew's

online workshop.

COMPACT MODELS COMPACT MODELS: COMPACT MODELS: NANOSCIENCE TO SYSTEMS NANOSCIENCE: SEMINARS,
TOOLS RESOURCES FOR DEVELOPERS COURSES, ETC.
SPICE-compatible Tools for devlopers Seminars and tutorials for Physically-detailed simulations NEEDS Seminars, workshops,
Verilog-A format including MAPP & VALint. developing and publishing system level tools nanoHUB-U and more
supporting resources compad models

needs.nanohub.org 10



1) physics-based compact models

Virtual source transistor models for:  Qptical devices:

Si VCSELs
Graphene Si-based modulators
GaN — RF and high-voltage
CNTFETs
etc. MEMS resonators:
_ released
Novel transistors: unreleased
2D TMD
FeFETs
TFETs Energy devices:
Memory devices: solar Ce'I'S _ _
RRAM thermoelectric devices
CBRAM
phase change biosensor models for:
FET-based sensing
Spintronic devices impedimetric sensing

TMJ, etc. mechanical sensing



publish your model with NEEDS

~ NEEDS  S&ie sivutation Nooe < NEEDS HOME  ABOUTUS  RESOURCES  CONTACTUS  NEEDS TEAM

Submit Compact Model >> Start Here @

Resources for deploying NEEDS compact models: Case Studies in Compact Modeling
Checklist for Submitting a NEEDS Compact Model (33 Kb) The MVS Nanotransistor Model: A Case Study in Compact Modeling
by Shaloo Rakheja

Detailed Instructions for Submitting a NEEDS Compact Model (45 Kb)
Compact Model Council’s recommendations for versioning compact models
NEEDS-modified Compact Model Council Standard license for compact models (2 Kb)

Tips for Verilog-A NEEDS Compact Model Release — Lessons Learned from MVS 1.0.0
by Shaloo Rakheja

Guidelines for Writing NEEDS-certified Verilog-A Compact Models
by T. Wang and J. Roychowdhury

Compact Model Council Compact Model QA Specification

Goneraesuron forcompackmodel devlgers digital object identifiers (DOI’ s)

How to Write, Develop and Implement a Real Compact Model

A nlofsos by Gl et Thompson-Reuters Web-of-Science

Basics of Compact Model Development
by Sivakumar Mudanai

How Really Smart People Can Write Really Dumb Models
by Colin McAndrew



Goal 2: tools for developing compact models

Model and Analysis Prototyping Platform

Modspec Model Verilog-A SPICE
(Matlab)

Open-source

Xyce

MAPP ——————

DC/AC/TRAN _

(Matlab) Commercial
MAPP

Led by Jaijeet Roychowdhury, U.C. Berkeley
First public release: Dec. 2014 13



VAlint (Xufeng Wang, Coram, and McAndrew)

mastertest.va

{ariginal)

Pretty Print Check Syntax

55 | " MPRcc( fc )

0.9 L ) 0.0, 0.99, "depletion capacitance linearization factor")
56 |"MPRco( cj0 , 1.0e-12 ,"F" ) 0.0, inf, "zero-bias depletion capacitance")
57 | MPRoo{ pj , 0.9 "y , 0.0, inf, "built-in potential for cj")
581 . . 0.0, 1.0, "grading coefficient for c3j")
59
60 |analog hegin : vaTestlModel
61
62 real vj, gjCalc, cjDdx, cjCalc;
63
64 round, | “ranch ¢

65| if (vj > fc*pi)

// missing begin/fend, trailing space
66 cjCale = cj0*pow(l-fc,-mj); // 1 should be 1.0
67 else // missing begin/end
68 cjtalc = cjO*pow(l-vi/pj.-mj); // 1 should be 1.0

69 qjCalc= cj0*qj(vj, pj, mj, fc, -1); // 1 should

shon LC

he 1.0, unaligned on =

76 |end // analog

17 endnole a lint for Verilog-A code
ot | e o * Based on ADMS

license Missing NEEDS license

waming | 19 | vanamesmsemecros * Checks for “bad praCl'iCE"
. emor

L=

64 Referencing to global gro

waming |66 mriaareaLctpe * “Pretty prints” Verilog-A codes.

waming 68 INT 1 and REAL vj type | .
wamng || 65| IPsutementiaois begt @ Pyplic beta release: 10/29/15
70 Referencing to g!obal gmur_ld n_ode is _forbidden!

14
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PUQ: Open source tools for UQ

NNSA Center for Prediction
‘ of Reliabilty, Integrity and nanoHUB.orq
Survivability of Microsystems

I | searcn I 0104 ner (ion »

/PRISM S3NCN

PUQ - PRISM UNCERTAINTY QUANTIFICATION FRAMEWORK

Contents:

* Overview http://c-primed.github.io/puqg/

o Goals
o Future Plans
e User's Guide and Tutorial
o Getting Started
s Requirements
o Monte Carlo Sampling
» Extending the Sample Size
o Latin Hypercube Sampling
o Smolyak Sparse Grid Algorithm
o Modifying Smolyak Sweeps
s Extending
s Modifying Parameters & Reusing Response Surfaces
o Calibration of Input Variables
s Using PUQ for Calibration
s Example

15



Automatic UQ in nanoHUB.org

Inputs can be specified

Basic Model Configuration ] Advanced Model Configuration ] Simulate | new input parameters .
o) as single values or

Temperature: @=0|300K _l : )
— Press Simulate to view results. . . .
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education for 218t Century Electronics

] o]
NANOHUB
=

— _> http://nanohub.org/u

Lessons from Nanoscience:
Lecture Note Series

Lessons from

“S E E C ” 1 9 6 0 ’ S Nanoelectronics

Richard Adler, MIT

web.mit.edu/klund/www/books/seec.html nanohub.org/wiki/LessonsfromNanoscience 17



nanoHUB.org/u

PURDUE nanoHUB.org

FRIvERRITY

9 self-paced courses
5845 students enrolled
3 144,684 YouTube views

12 ~7,000 1,000 166

Courses Offered Learners Universities Companies




Principles of Electronic
Biosensors

Nanotechnology: Fundamentals
of Nanotransistors

Fundamentals of
Nanoelectronics: Basic
Concepts

Fundamentals of
Nanoelectronics, Part B:
Quantum Transport

Starts: October 8, 2015 Starts: March 26, 2015

EEEEEEEE

Organic Electronic Devices

Starts: February 12, 2015

PURDUE

U NI Va9t S 1" 5 Y

PurdueX

Back to schools and partn

Fundamentals of
Nanoelectronics:

9447 students
20 USA
22% India
129 countries
Ave. age. 26
“This course challenged me to

think deeply about things | had
never been exposed to before.”

“I may start a new career as a
result of this course.” 19

ers



- Fundamentals of Nanoelectronics,
Part B: Quantum Transport

PURDUE

About this course

®

What you'll learn

4 ~24,000 884 141

Courses Offered Learners Universities Countries
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NEWEST COMPACT MODEL RELEASE: Optical Ring Filter (ORF)
Modspec Compact Model and Non-Faradaic Impedance-based
Biosensor Model.

NEEDS announces the public release o
based platform for prototyping compact models and simulation
algorithms.

GET STARTED ON COMPACT MODELING: Take Colin McAndrew's

online workshop.

COMPACT MODELS COMPACT MODELS: COMPACT MODELS: NANOSCIENCE TO SYSTEMS NANOSCIENCE: SEMINARS,
TOOLS RESOURCES FOR DEVELOPERS COURSES, ETC.
SPICE-compatible Tools for devlopers Seminars and tutorials for Physically-detailed simulations NEEDS Seminars, workshops,
Verilog-A format including MAPP & VALint. developing and publishing system level tools nanoHUB-U and more
supporting resources compad models

21
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NEEDS

Driven by problems and applications

NEEDS

nanoHUB.org
needs.nanohub.org

R and D accelerated by tools, cyberinfrastructure, educatizcgn



