Network for Computational Nanotechnology (NCN)

Purdue, Norfolk State, Northwestern, MIT, Molecular Foundry, UC Berkeley, Univ. of lllinois, UTEP
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Intel in 2009

65nm Node
2005
45nm Node

2007 32nm Node

(Develapmant|
18nm Length g
(ReS8arCh)  10nm Leny

o | 2009 22nm Node .~
30nm Langth = . o s e
(Praduction ramp-up) | Pl (Re:
20nm Length i .
0 e

Prototype
[Research)

RobertChau(Intel), 2004

Device Size:
Tens of nanometers

Stanford SUPREM

Hanowire '
Frototype
(Ressarchy

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

Dual-Core Intel” 1an

MOORE'S LAW
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1970 1975 1980 1985 1990 1995 2000 2005 2010

10,000,000,000

Device Integration:
100,000,000 >2 Billion
Berkeley SPICE

1,000,000
100,000
10,000

1,000

Berkeley

Simulation Program with Integrated Circuit Emphasis.

Ronald
A. Rohrer

Donald O.
Pederson

from: Larry Nagel, BCTM ‘96

» Started as a class project

* Developed as a teaching tool

* Quality control: pass Pederson

* Dissemination:
» Public domain code
» Pederson carried tapes along
» Students took it along
to industry and academia

» Released 1972
4



Device Size

Transistors

Stanford
Stanford University PRocEss Modeling

» Stanford wanted to mimic

Berkeley success
» Combine various existing models

e Dissemination:
» Public domain code
» Community workshops

» Students took it along
to industry and academia

Birth of an Industy
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Moore’s Law for Other DisciPlines?
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Over 2,100 Resources!

43 courses

1,557 seminars and
ching materials

Total Users

116,000 users worldwide

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

116 classes at 76 institutions in 2009
8,200 users ran 345,000 simulations a0 a0 s e e

Number of Users

g 172 countries Demo>>

10
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A course on nanophotonics

: ONLINE SIMULATION |
g et e
an MCA project ‘ :
Home My HUB Resources  Members Explore  About  Support Help! ®

You are here: Members » Viadimir M. Shalaev » Usage

Viadimir M. Shalaev

Table 1: Overview

ltem
Contributions:
Total "and more" Users Served:

Rank by Contributions:

Introduction to semiconductor nanoHUB.org

device education with ABACUSE

Assembly of Basic Applications for Coordinated Understanding of Semiconductors

= VVhat What is
Is the band structure
silicon crystal structure

Where is
voltage d]"OP =

== s MOSFET
VWhatare highly doped
P/N-junctions

tutorials all lessons main




Advancing Quantum Mechanics
for Engineers with AQ M E

e { e

What is resonant tunneling

Hitys an artificial atom

What is
tha relation ———
— e e—  hETWEED :
il confinement potential and VWhat are MOSFET
the state spectruim subbands

Tool Powered Curricula

“make abstract concepts more concrete”

Advancing Quantum Mechanics
for Engineers with

[ e

ssembly for
Nano Technology Surve courses

 Tool Powerd Curricula Users
Cumulative since
Release in Jan. 2008

Assembly f
CompuTational éi::rzn“l::rs AC UTE

: | 4 §
5 L b |
Introduction to semiconductor
devices with ABACUS .
ssembly of "asic - pplicatins for ~c-ordmated | nderstanding of “ermsconductors | “
. lI|IIIII|

Jun08 Dec08 Jun0g Dec09
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Use in the classroom

In the year 2009:
116 classes; 76 institutions; 23 countries

-
B
o

Institutions
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o o
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o

Courses per semester

——Total

—@—UnderGrad
GfaW‘h
A

# Courses
# Institutions _
R [s) o

- £

0 HB -l Tl

ra
=

Work with Teachers

Educational workshop:

« November 5-6, 2009, Chicago Airport

« 11 faculty

« 11 institutions / 8 primarily serving minorities




Immediate Impact

Hasina Huq UT Pan Am. Tanya Faltens Cal Poly Pomona
UT Pan Am. 11 Simulation users Cal Poly Pomona 53 Simulation users

1E1

B0 P it = | B
1/2009 1/2010 12009 1/2010

Exclusive - Apple VP
OK’ed

e 4
ity [l iy [ e, TR =
Bl -9 -9
O RORNOH
: . e

Public
Library

A e
S
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nanoHUB on iTunes U

EREREIC] Punjabi

Nov 2009 start
350 content items today
55,000 downloads

~10,000 downloads/month

| Fullerene German

Hiyr & vig ¥ Aewmw vy il
wiEmr @@ Al Y 2 Fowz d
fer o g 0 & o 59 St
Cyg , g sams # 503 75, 7 7

Dalla grafite al Cgg imaresi  |tglian

Nai palimeri, le molecole organiche classiche sono compos]
azoto, cloro e zolfo). Essi sono ottenuti dalla benzina & sp
parte di queste molecole sono isolanti quando superanc fa
conduttivo, in particolasa la grafite (recuperata dal carbone
& un semi-metalio, una categoria compresa fra metalli e ses
atomo. Fra ogni foglio, le interazioni sono abbastanza debo]
L'adatiamento dei f
nanometriche rimand
chimici hanno espl
che potrebbero ess:
interstellari dove il o
Smaliey (Rice Univ
vapotizzala mediant
eluster contenenti s
dl B0 atomi. Harry K
una geomelria poss

Als ve (Einzahl: Fulleren) werdan
sphérische Molekiile aus Kohlenstoffatomen
(mit hoher Symmetrie, z. B. f-S8ymmetrie
fiir Cop) bezeichnet, weiche weitere
Modifikationen des chemischen Elements
Kohlenstoff (neben Diamant und Graphit)
darsteilen,

Inhaltsverzeichnis [Varbargen]

4,1 Nomenklatur
42 Stulur und Swbilitdt
43 Reaktonen von Ceg
5 Literatur
& Weblinks

Denominati buckmi

7 Einzelnachweise

16 animations deployed Jan 2010 on ~30 pages
Brings 2,000 visitors for 3,300 visits monthly

RN [ PONE PP 1[I [ITPTTrrr
07

{i]

1/2008 1/2009

ptating view of Buckminster fullerene

lllni'ii"M

172010
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575 nanoHUB Citations
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575 nanoHUB citations
469 in nano research

each dot is a paper
line is

common

author

142 30% expt. data
55 12% experimentalists

575 nanoHUB Citations

1000 N

\M Lundstrom

Secondary Citations

Research: Publi

575 nano
>3,200 se

h-index: ?

sh or Perish

HUB citations
condary citations

27
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Number of Users

MNumber of Downloads
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n
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s
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Use by Experimentalists:
Schred

TCAD simulations using SCHRED [15] or
ISE, ...., were used to support our analysis
and compute the inversion carrier profiles in
the devices.

Effect of channel positioning on the 1/f noise in
silicon-on-insulator metal-oxide-semiconductor

M von Haartman, M Oestling,
Journal of Applied Physics, 2007 - link.aip.org...

Dual Use
in Research and Education

Simulation Users |

CAD simulations using SCHRED [15] or
371 Users =
Last 12 months

User Interfaces are
absolutely critical!

Jan03 Jan05
Source Download

» Same behavior across all similar converted tools
» User’s don’t have to download/install software

26

6/23/2010
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Device Size

Researchers
Careers
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Next Generation Faculty:

¥1 Usage at SIUC

o e ;leméliimlgglhlm.

1
112005 112006 172007 112008 172008 112010
) -
imulation Tools Authored by Shaikh S. Ahmed (6,183 Usc il Q Post Doc | Faculty at
g
6,183 users at Purdue @ SIUC j
8 tools I N '! i

¢ Infused nanoHUB into
existing classes

* Built a new nanoelectro
curriculum

* Used nanoHUB for rese.

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

14
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Applied &
Research;
Innovation

“Valley of Death”

15
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5 Criteria

for Successful
Science Gateways

1: Outstanding Science

“Stuff the world wants”

Research;
Invention

16
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2: Commitment to Dissemination

“faculty that want to give it away”

46 faculty

+ 6 site leads

106 grad students

b e

Research:

Invention )
Applied

Research;
Innovation

“Valley of Death”

17



Students

Courses - Textbooks

Knowledge
IP Publication

Information | Sim. Tools Problems: e
_ Data * REALLY LONG stove pipe

Instruments »Web content: afterthaught

=>usually stale .

« Data shared by email

Research Mod & Simulation * Tools spread by hiring
Team

Students |

Courses - Textbooks

IP Publication

Seminar

t

NCN proje
l L A
| Sim. Tools |Pr0blems: .
Data * REALLY LONG stove pipe

=>usually stale
i. Data shared by email

I Research Mod & Simulation : * Tools spread by hiring

|
Michael I Team
McLennan>>

: Instruments *Web content: afterthought
|

6/23/2010
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3: Technology for Dissemination

“simple and utterly dependable

”

$1M/year
operation and
bridge building

IndianaCTsi E 4
FPHARMAMUEB
@—n— (%) CCHUB e :

* Feb 2007: 1 hub

* Feb 2008: 5 hubs
* Feb 2009: 8 hubs
* Feb 2010: 21 hubs

HUBzero Consortium - Fach hub has its own

PURDUE III\\IH.\\\ USIVERSIT 45,100 inding stream
' @ e Jtside institutions:
WISCONSIN o - )
S 2/ A NYSTAR, Rice

PURDUE I FpNCN g

19
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4: Tech Transfer Processes

“dedicated technical site leads”

Content Creation and Support
$2.2M

““walley of Death™

Knowledge Transfer Research

“educational research team”

““walley of Death™

20
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5: Open Assessment / Incentlves

“gather, understand, dlssemmate w"‘ﬁ .

Total Users

116,000 users worldwide

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

116 classes at 76 institutions in 2009
8,200 users ran 345,000 simulations a0 a0 s e e

Number of Users

172 countries

42
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