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1965

Gordon Moore

http://www.intel.com/technology/mooreslaw
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Number of Components per Integrated Circuit
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Intel in 2009

65nm Node

2005
45nm Node

2007 32nm Node

2009 22nm Node

30nm Length
(Production ramp-up)

20nm Length

(Development)
15nm Length

(Research) 10nm Length

(Research)

C-nanotube
Prototype
[Research)

RobertChau(Intel), 2004

o, Device Size:
Tens of nanometers
Stanford SUPREM

Nanowire
Prototype
(Researchy

http://www.intel.com/technology/mooreslaw/index. httransistors

Dual-Core Intel® Itanium"® 2 Procesor‘

Intel* Itanium® 2 Processor |

Intel® itanium* PIOCQSSOf‘/

MOORE'S LAW

Intel’ Pentium* 4 Processor ’

Intel* Pentium® Bl Proce&sof‘

Intel* Pentium* Il Processor 4~
Intel* Pentium® Processor ,_~ ”

Intel486™ PPOCESSO“

o

Intel386™ Pmtcssor‘

28'6‘-"

SO?P ‘/"

1970 1975 1980 1985 1990 1995 2000 2005

10,000,000,000

Device Integration:
>2 Billion

Berkeley SPICE
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Berkeley

Simulation Program with Integrated Circuit Emphasis.

from: Larry Nagel, BCTM ‘96
» Started as a class project

* Developed as a teaching tool
S . wla » Quality control: pass Pederson

A. Rohrer § R & . . .
2y e 4\ * Dissemination:
“, . .
%%ge W Naoal » Public domain code
" bonaldo. » Pederson carrl_ed tapes along
Pederson » Students took it along

to industry and academia

» Released 1972
5




Stanford
Stanford University PRocEss Modeling

 Stanford wanted to mimic
Berkeley success

» Combine various existing models

* Dissemination:
» Public domain code
» Community workshops
» Students took it along
to industry and academia




Birth of an Industy

Device Size

Intel Capitalization:

$85B
Total Industry:

Transistors
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Goals - Impact Metrics

e Services:
— Modeling and Simulation Software
— Seminars, tutorials, classes

e Goals:
— Knowledge transfer

 Use in class rooms

— Knowledge generation
« Use in research
« Use by experimentalists

— Economic impact
» Use in Industry

— Professional Development /
Community building
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& Optical
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2 Transitions
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Sensors

Quantum Dots,

{ Wires, Wells

1 Dispersions

PR ] 1 Computing

Atomic Orbitals Structure = Nanoscale Quantum States > Observable Quantities from
size: 0.2nm Millions of Atoms (Artificial Atoms, size ~20nm) Atomistic Quantum Mechanics

Current

End-to-end Computation

0 10 20 30 40 50
Million Atoms
Demonstration / Capability / Impact:

« 52 million atom electronic structure (101nm)3.
« Quantum dots, nanowires, quantum computing...




o‘%"b n%en How do we get QDs? = Stranski-Krastanow Growth
NaNo .org

Self-Assembly Process = InAs deposition on GaAs substrate

InAs (0. 60583 nm)

11111
aeas

GaAs (0.56532 nm)
GaAs
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o%‘b NCN Capping with Intermediate Alloy

nanoHUB.org
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o‘%’b NN Quantitative Quantum Dot Modeling

nanoHUB.org Optical TCAD - Optical Wavelength Tuning

Obijective:
* Optical emission at 1.5um without GaN

» Understand experimental data on QD
spectra in selective overgrowth

17 experimental data points — growths
Tatebayashi, et al, Appl. Phys. Lett., V78. 3469.

Approach: [001]
* Model large structure
g GaAs Substrate
. 60nm X 60nm x 60nm (30nm)
s —POO]

*No changes to the previously

published TB & VFF parameters

Result:

* Theory (red line) matches a sequence
of 17 experiments (black dots/lines)

* Bi-modal In-As,Ga-As bond distrib.
« change in quantum dot aspect ratio
* Quantitative model of complex system

with SRCL

. . no SRCL T
Nanot h Vol. 8, 330 (2009 0 01 02 03 04 05 2\ &
p{IE Nangiegh.el. 6 pp. 330 (2009 | 5. @

Gerhard K meck In Fraction (x)




Overcoming barriers to quantum mechanics simulations
in physics, chemistry, biology, and materials
to migrate nano-science to nano-technology.

Algorithms, Computing, Open, available,
Middleware, Service
by real users

/!

\ NCN / nanoHUB.org

Develop & Deploy
Methods, Tools, and Training
atomistic =» mesoscopic =» systems

'4 N\

Impact on Research Impact on Education




Example: NEMO3D -

3 » R

Atomic Orbitals Structure
size: 0.2nm + Millions of Atoms (A
NanoElectronic Modeling

2,800 users worldwide

o me; Wwroae Te A
TeraGrid" ;

NCN / nanoHUB.org
nelﬂlggnlujhgonsand more Develop & Deploy
Methods, Tools, and Training
atomistic =» mesoscopic = systems

NEMO3D

&
¥
8 million atoms g
AS i 500 Lanzcos iterations )
g ‘ A,
\\‘ S A

Towards Peta-Apps

e§pPthetoms on o
nanoHUB H/W NEMO 3-D at 7 tutorials

. 8,192 cores IBM B/G and Cray XT3/4 SC05, SC06. SC07, TGO6, TG7,
Nano08, NMDC06, NEMS07,

Number of Cores >1 30 educators

(s)

Walltime

|




Electronic Structure &
Electron Quantum
Transport Simulations

NEMO & OMEN

Runs on fastest computer
in the world

Runs 6 tools in nanoHUB
>6,700 users
>100k SImS I l 4 parallel levels =

‘
'l > (v \Voltage 20x
' NN Momentum 30x
Energy 400x-1400x
Space 9x

Machine Clock 2.6GHz
RAM/core 1.33GB

11,070 55,350 221,400
Number of Cores

Walltime (s)
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Over 190 tools online!




Over 2,300 Resources!

43 courses

— 1,700 seminars and
teaching materials




It Happens Here

"

JO.0OI C FOR NANOTECHNOLOGY
» 0N papar

Resowrces Members Explore About Support

SIMULATE with over 1 ‘ P

nanoHUB was crested by the NSF-funded

now on
1 RESEARCH & COLLABORATI
ifunes U

TEACH & LEARN

Network for Computational Nanotechnology

SHARE & PUBUSH

RESOURCES FEATURED NOTABLE QUOTE

NEW IN RESOURCES

Upload your own content!




Nano App Store

Total Users

170,000 users worldwide

As much traffic as www.purdue.edu
Users at all Top 50 US Engr Schools
19% of all .edu domains

Number of Users




Nano App Store

Total Users

170,000 users worldwide

As much traffic as www.purdue.edu
Users at all Top 50 US Engr Schools
19% of all .edu domains

Number of Users

0 -

172 countries




Sociology

How do Users Behave?

e Questions:
— How many students in the class?
Which tools?
Intensity of use
Sustained use
Percentage of service: Education vs. Research use

e Some Statistics
— 8,600 users ran 345,000 simulations Academic Year 2009/2010
— 116 classes / 97 institutions in Academic Year 2009/2010
 Info Obtained from self-registration, manual follow-up
— 575 citations in the literature
* Info obtained from Google Scholar and manual analysis




Sociology

How do Users Behave?

e Questions:
How many students in the class?
Which tools?
Intensity of use
Sustained use
Percentage of service: Education vs. Research use

e Can we get answers? Automatically?

=> |[mprove Services
— Better tool classification

— Customize web page for users, customize learning experience
— Computational resource provisioning

e Broaden user base




nanoHub User Behavior

The nanoHUB Matrix

—> Users

> Time (days)
Each dot represents simulation activity on a particular day
The color of the dot indicates a particular tool

We will look backwards into history
for each user in the past 12 months
And plot ALL their activities

2010-06-30 6 users 1 days of history




The nanoHUB Matrix

Formal Education vs. Research

single tool,
single use /
homework

single tool,
sustained,
MGCHEE

multiple tools,
sustained,

Proof of use in EDUCATION!
Knowledge Transfer out of Research
150 Courses
120 institutions, 95% outside NCN
Voluntary / Viral Use

—> Users




Device Size
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62 11% cyber

20 3% edu/nano
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7419 nanoHUB Citations

Academy of
Engineering
Member

Faculty
member

10 3 years
after PhD @
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Research: Publish or Perish

575 nano

HUB citations

>3,200 se

condary citations




Industry Impact_

Device Size

Transistors




Papers by Industrial Authors

8.7%

%

\

].
,{" ’ * 46 papers total
- * 41 papers in hano




Mark Stettler, PhD.
Mgr. TCAD, Oregon

e

Runs on fastest computer
in the world

Perfect scaling to

222,720 cores r

Dmitri 1N
Mgr. Strateglc Research, CA




Texas Instruments
=> Patent

Dr. R. Chris Bowen

Gate Length

Texas Instruments B

Top Oxide
Channel

| used the tool in a mode ... far away from the L
original intent of the simulator. ... The insight that —
"nanoFET Lab" provided was convincing enough

for me to begin more detailed simulations at Texas

Instruments and to ultimately develop a patent
application.

300 H

Material Settings >

200 nanoFET Lab

100 -

0_| R T _l.—ly—-l-l B

1/2005 1/2006 1/2007 1/2008

M Simulation Runs M Web Visits




W)J 3 AFM Manufacturers:
M_ﬁ;# * Training / Virtual Instrument
f"l'r i « Research

-
. June 2008 n '

Poveren Aenett: VEDL: A webbesad simad excimanont
S dvesswic ammic farce micnsongy

{ | have been using VEDA ...

... found it to be extremely useful. ...
... enabled us to make better choices in designing new probes.
... used VEDA as a check on other calculations
Roger Proksch
Asylum Research



New Partnership

Fund tool development

Virtual Atomistic | Molecular Dynamics
Tip and Surface (virtual surfaces)

L}

VEDA
(Virtual AFM)




Community Building .

Professional .
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Next Generation Publications
Research Incentives

Tool Usage » reading papers

Computational Electronics

Users

ve

300 -

o o
Cumulat

200 -

sers of ation Tools Authored by Dragica Vasileska (7,835 Users . - SemiCIaSSical and Quantum
s' T Device Modeling and Simulation

2004 2005 2006
Months / Years

17 tools
=» 7,835 users
=» 115 citations Sl

Dragica Vasileska - Stephen M. Goodnick - Gerhard Klimeck




Next Generation Faculty:

Usage at SIUC

-— %
— 1E2;
1 ' i |

S ha i kh Ah med 1/2005 172006 172007 1/2008 1/2009 112010

¢ Simulation Tools Authored by Shaikh S. Ahmed (6,183 Use Ml Post Doc Faculty at
' at Purdue | SIUC

6,183 users J| ‘gl

8 tools _ - * Infused nanoHUB into
existing classes |
* Built a new nanoelectro

pilleral

W

<

L=4

<o
miulative Us

$.h §  curriculum s
| 20000 g}\-  Used nanoHUB for research |
\ IR

g

' Recently Dr. Ahmed was promoted to tenured Associate
Professor. | would like to emphasize that Dr. Ahmed's use
of nanoHUB in education and research, which earned him
national and international visibility, did play a significant

positive role in his early promotion case.
Glafkos Galanos

Chair, Dept. of Electr. and Comp. Eng, SIUC




nanoHUB on iTunes U

Nov 2009 start
350 content items today
55,000 downloads

~10,000 downloads/month




Wikipedia Contributions

o Fullerene
PRECGICH Punjabi German
Als Fullerene (Einzahl: Fulleren) werden

3&zanla 7 d&qwuiaet , fewoa | Dalla grafite al Cgp (moaica) Italian spharische Molekiile aus Kohlenstoffatomen
M eveg te devsm e ufdwy . . (mit hoher Symmetrie, z. B. l,-Symmetrie
went 2 I3 =83 @ 33093 ) Nei polimeri, le molecole organiche classiche sono compos fiir Cgp) bezeichnet, welche weitere

ezt fomret 9 89 @ oft 591 =@ azoto, f:loro e zolfo). Essi son9 ottenL.Jti dalla benzina e spi Modifikationen des chemischen Elements
Ceo » fir ufras A 793 75, T parte di queste molecole sono isolanti quando superano la |
conduttivo, in particolare la grafite (recuperata dal carbone

& un semi-metallo, una categoria compresa fra metalli e ser
atomo. Fra ogni foglio, le interazioni sono abbastanza debo

Kohlenstoff (neben Diamant und Graphit)
darstellen.

Inhaltsverzeichnis [Verbergen]
L'adattamento del fo

nanometriche riman
chimici hanno esplo|
che potrebbero esse
interstellari dove il ¢ 4 Eigenschaften

Smalley (Rice Univ 4.1 Nomenklatur
vaporizzata medianj 4.2 Struktur und Stabilitat

_ - : i|| clustercontenenti s 4.3 Reaktionen von Cgq
SRiifD Seuis Con B oo figma o §|| i 60 atomi. Harry Kf | 5 Literatur

1 Geschichte
2 Name
3 Herstellung

una geometria poss 6 Weblinks
Denominati buckmir] | 7 Einzelnachweise

Veduta ruotante di cristallo C60 di

oggetti furono rapid
Fullerene Buckminister. P

Geschichte (seameten)

Nanotubi di ca

Brings 2,200 visitors for 4,000 visits monthly

Image garatated wih Crystal Vie

otating view of Buckminster fullerene

80-

16 animations deployed Jan 2010 on ~30 pages “'

0 - _la-,_n__--_-_Illilllli-ill--nl-----l'lll"i
1/2006 1/2007 1/2008 1/2009 1/2010




The World’s Largest Nano Userfacility

e Services:
— Modeling and Simulation Software
— Seminars, tutorials, classes

e Achievements:
— Knowledge transfer

 Use in class rooms

— Knowledge generation
« Use in research
« Use by experimentalists

— Economic impact
» Use in Industry

— Professional Development /
Community building




Requirements

Success Criteria
presentation today
Lynn Zentner

¥

Vibrant and Impactful VO




The World’s Largest Nano Userfacility

Total Users

170,000 users worldwide

» Knowledge transfer

« Knowledge generation

« Economic impact

» Professional Development /
Community building

Number of Users




