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ronoHUB.

Network for Computational Nanotechnology (NCN)

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

nanoHUB.org:
Future Cyberinfrastructure
serving over 150,000 Users TODAY

Gerhard Klimeck
Director
Network for Computational Nanotechnology (NCN)

Professor

n C n Electrical and Computer Engineering

nonoHUB.org gekco@purdue.edu

Gerhard Klimeck
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65nm Node

2005
45nm Node
2007 32nm Mode
; 2009 22nm Node

som Length "ok " \ - ‘_.':_ 7 [Rr:;::lrc" \‘. Devlce S|Ze:

(Production ramp-up)
Tl el =M  Tens of nanometers
~ » K Stanford SUPREM

Prototyps e
(Research) Nanowire
Prot

RobertChau(Intel), 2004

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

10,000,000,000

O — Device Integration:

1.000,000.000

—— >2 Billion
oo Berkeley SPICE

1,000,000

MOORE'S LAW

100,000

1972 Berkeley SPICE

Simulation Program with Integrated Circuit Emphasis.

from: Larry Nagel, BCTM ‘96

» Started as a class project

» Developed as a teaching tool

* Quality control: pass Pederson

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




Device Size

Transistors

1973/4 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
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Device Size
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Over 170 tools online!
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e Graphene

e Quantum dots

e Gate Tunneling in Transistors

Build a better switch

Experimental Partner:
MIT MSD Focus Center

D.H. Kim et. al, IEDM 07, EDL 08

Drain Current [A/m]

INAIAS Y ---sid. 2 terminal simulation

0 0.2
Gate Voltage [V]
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OMEN-hfet

OMEN-based heterojunction field effect transistor simulator

Build a better switch

Experimental Partner:
MIT MSD Focus Center

D.H. Kim et. al, IEDM 07, EDL 08

¥ ---sid. 2 terminal simulation

0 0.2
Gate Voltage [V]

Drain Current [A/m]

InAlAs
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Flow Visualization

Integrated seamlessly

nanoVIS rendering server
Developed by
Insoo Woo, Karl Ostmo, David S. Ebert
PURPL Lab, Purdue University

Build a better switch

Experimental Partner:
MIT MSD Focus Center

D.H. Kim et. al, IEDM 07, EDL 08

Drain Current [A/m]

INAIAS Y ---sid. 2 terminal simulation

0 0.2
Gate Voltage [V]




Quantative Agreement

-

INAIAS

InGaAs

<
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Powered by OMEN

e New community code

e Engine for...
— OMEN-hfet
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NCN Simulation-Driven Research

OMEN

Seeded 2006
Intel supported
Peta-Apps Award in 2007

13 journal, 11 proceedings

Runs on fastest computer

in the world
Scaling Results fi n
- - - . ar at Oak Ridge National Lab < 1000
- - o, ~ o
— AR \/ o
b7 il -
J “"";*j E
Runs 5 tools in nanoHUB J 100 %
>3,500 users P
i z
. AEd T ‘ N
R . 3 A" (44:,, 10
- ; SHe i
o -
1392 5568 54 222,720
Number of Cores

43 courses

1,557 seminars and
teaching materials
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Nano App Store

Total Users

153,000 users worldwide g

120000

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

100000
80000
0000

Number of Users

40000
20000

0
Feb00 Feb02 Feb04 Feb0E FebD8  Feb1O

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 last 12 month
— 116 classes / 97 institutions in 09/10
« Info Obtained from self-registration, manual follow-up
— 575 citations in the literature
* Info obtained from Google Scholar and manual analysis

11
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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?
=> Improve Services
— Better tool classification
— Customize web page for users, customize learning experience
— Computational resource provisioning

e Broaden user base
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nanoHub User Behavior

The nanoHUB Matrix

_T| me (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

single tool,
single use /
homework

single tool,
sustained,
intense

multiple tools,
sustained,
periodic

~ multiple tools,
small class

research,
self-study

— 5 Time (days)

13
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Tool Powered Curricula

“make abstract concepts more concrete”

Advancing Quantum Mechanics

for Engineers with ~ AQME

ANTS Assembly for
Nano Technology SurveY courses

Assembly for
CompuTational Electronics ACUTE
o B Ll
| Introduction to semiconductor
devices with ABACUS .

sembly of ‘asc  pplcations for cordeated | ndersanding of -emiconducior

I Tool Powerd Curricula Users
Cumulative since
Release in Jan. 2008

Jun08 Dec08 Jun09 Dec09

Work with Teachers

Educational workshop:

e November 5-6, 2009, Chicago Airport

e 11 faculty

e 11 institutions / 8 primarily serving minorities

14
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Immediate Impact

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

1E1

10— % |
172009 172010 12009 1/2010

Use In Colombia
 manonup.org ag-igiomora [T — ‘-

VALLE DEL CAUCA (23) ’

ATLANTICO (3)

CUNDINAMARCA. (3)

2010-09-14 TR

253 Users |
673 Tool Sessions

SANTANDER (3)

ANTIOQUIA. (1)

15
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Tools Used In Colombia

Research codes:
Nanofet
Bandstructure Lab:

Educational codes:
Quantum Dot Lab,
MolCtoy, FETtoy,
PN Junction Lab,
CNTbands

nanofet (142)
qdot (117)
molctoy (85)
fettoy (66)
pntoy (41)
bandstrlab (30)
cntbands (25)
senstran (25) ! —
)
mosfet (12)
biomoca (8)
matsimtk (7)
nanowire (5)
schred (5)
periodicpot (4)
qwalk (4)
abacus (3)
abinit (3)
atcadlab (3)
moca-ensemble (3)
nanomos (3)
vedaams (3)
mctrigate (2)
moscap (2) ||
nsoptics (2) \
prolabox (2)
quamc2d (2)
sbenfet (2)

crystal_viewer (5)

Columbian Contributor!

-
HU * ONLINE SIMULATION AND MORE Sy
NanNo LOr FOR NANOTECHNOLOGY bl ol =
ancn Gerhard Klmeck (gekco_test) 040
Home MyHUB Resources Members Explore About Support

= Members » Pedro Antonio Prieto » Profile

Pedro Antonio Prieto 5@l Send Message

Profile Contributions Usage Favorites Blog >> Demo

Universidad del Valle, Cali, Colombia 4 resources

Detailed usage
Employment Status  University / Collage Staff Rlog entiles

Web Site  http://www.cenm.org

Biography  Professor Pedro Prieto is the Director of the Excellence Center for Novel
Materials in Colombia, as well as the Director of the Thin Films Group in
the Department of Physics at the Universidad del Valle, Cali, Colombia.
He holds a Physicist degree, in 1974 and a Magister Scientiae degree in
Physics from Universidad Nacional de Colombia in 1978, working on
Silicon Oxide Thin films. He received the “Doktor der
Maturwissenschaften” Drrer nat from Bheinische Westfaliche Hochschule

16



Desired Use In Colombia

nanoHup.org iap~LeLompia

DISTRITO ESPECIAL (489)

VALLE DEL CAUCA (23)

ATLANTICO (3)

CUNDINAMARCA. (3)

2010-09-14

253 Users

NARINO (3)

673 Tool Sessions

ERECRICS Punjabi

SANTANDER (3)

ANTIOQUIA. (1)

A Fanla 7 dsymuiaeT , fTeoea
@ iee TR A reee fu fEe
wiewi B 39 de83 yge 2 deas 3
fegt famrert fde &% 2 ot 599 Tt
Ceo , s ofews # w03 75, 7 9

g d6dls g e e fgmes)

16 animations deployed J

Dalla grafite al Cgp el |tglian

Nei polimer, le molecole organiche classiche sono compos,
azoto, cloro e zolfo). Essi sono ottenuti dalla benzina e spef
parte di queste molecole sono isolanti quando superanc la |
ultivo, in parti la grafite dal carbone
i un semi-metallo, una categoria compresa fra metalli e se
atomo. Fra ogni foglio, le interazioni sono abbastanza debof

L'adattamento del id
nanometriche fimang
chimici hanno esplof
che polrebbero ess
interstellari dove il cf
Smalley (Rice Univ
vaporizzata median(
cluster contenenti s
di 60 atomi. Harry K|
una geometria poss
Denominati buckm
Veduta rustarts ol cristalo C60 di

jetti furono rapids
Fforana Buckmnster o0 o

Nanotubi di ca:

(400

2009
1)

2010
(1)

201X
(X,000) -

Fullerene German

Als Fullerene (Einzahl: Fulleren) werden
spharische Molekile aus Kohlenstoffatomen
(mit hoher Symmetrie, z. B. I-Symmetrie
flr Cgo) bezeichnet, welche weitere
Modifikationen des chemischen Elements
Kohlenstoff (neben Diamant und Graphit)
darstellen.

Inhaltsverzeichnis [Verbergen]
1 Geschichte
2 Name
3 Herstellung
4 Eigenschaften
4.1 Nomenkatur
4.2 Struktur und Stabilitat
4.3 Reaktionen von Cgg
5 Literatur
6 Weblinks
7 Einzelnachweise

Geschichte seaneten

2010 on ~30 pages

Brings 2,200 visitors for 4,000 visits monthly

1/2006 1/2007

1/2008 1/2009

1/2010

10/22/10
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Device Size

Transistors

nanoHUB on 1Tunes U

nanoHUB.org Nov 2009 start

ONEDYEDE.. _
N 1 350 content items today

55,000 downloads

7/2009 120 72010

10/22/10
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575 nanoHUB Citations

each dot is a paper
line is e 0 0

. e
common ¢° e e ¢ "
P ¢

author : . oe @

575 nanoHUB citations
469 in nano research

each dot is a paper
line is

common

author

142 30% expt. data
55 12% experimentalists

10/22/10

19



10/22/10

575 nanoHUB Citations  Research: Publish or Perish

Academy of
Engineering
Member

e\

-
o
o

575 nanoHUB citations
>3,200 secondary citations
Faculty

member h-index: 27

- 3years
after PhD

-
o
L

Secondary Citations

()
N
n
)
2
>
)
@)

Tools
Researchers

Transistors
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NCN Simulation-Driven Research

OMEN

Seeded 2006
Intel supported
Peta-Apps Award in 2007

13 journal, 11 proceedings

Runs on fastest computer
in the world

Scaling Results
ar at Oak Rid,

g,
454 222730
Number of Cores

. &
Researct tion
N

§°

e N
ERZENAB 2 QTEXAS INSTRUMENTS

ANOTECHNOE
N -
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Next Generation Faculty:

*1 Usage at SIUC

-
2
| | 1 I ‘ '
I ————. L .

12005 12006 172007 172008
Post Doc | Faculty at

6,183 userls at Purdue | SIUC f

8 tools | - X« Infused nanoHUB into
existing classes :
* Built a new nanoelectronj

'y .nJ  curriculum
:L\.'; * Used nanoHUB for research |

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

Next Generation Publications
Research Incentives
Tool Usage » reading papers

Computational Electronics

Semiclassical and Quantum
Device Modeling and Simutation

=>» 7,835 users
=>» 115 citations

0. Vasleska + S M, Goodnick ¢ G, Kimeck

() OB P

10/22/10
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Papers by Industrial Authors

8.7%

* 46 papers total
* 41 papers in nano

10/22/10
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Mark Stettler, PhD.
Mgr. TCAD, Oregon

Runs on fastest computer
in the world

Perfect scaling to
222,720 cores

Mgr. Strategic Research, CA

3 AFM Manufacturers:

+ Training / Virtual Instrument
* Research

Agilent Technologies

| 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

24
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Fund tool development

Virtual Atomistic Molecular Dynamics
Tip and Surface (virtual surfaces)

VEDA
(Virtual AFM)

Any Science Gateway’s Dre ..
Why is it so hard@%s =
,, T

o
.r

25



Any Science Gateway’s Dream
There are worlds between...

o, .
s : e
dfs Z
P - d - e
f ~
L7 -
!
]
i
;

Applied
Research;
Innovation

“Valley of Death”

5 Criteria

for Successful
Science Gateways

10/22/10
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1: Outstanding Science

“Stuff the world wants™

Basic
Research;
Invention

2: Commitment to Dissemination

“faculty that want to give it away”

46 faculty

. Basic
+ 6 site leads Research;

Invention

106 grad students

iR S R e B s f |C‘ .
¢

27
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3: Technology for Dissemination

Basic
Research;

Invention _'
Applied

Research;
Innovation

Courses - Textbooks

Knowledge

IP Publication

Seminar

: . Problems:
Inf i Sim. Tools
Data + REALLY LONG stove pipe

Instruments *Web content: afterthought
=>usually stale
+* Data shared by email

Mod & Simulation + Tools spread by hiring
Team ) R
\
) o

28
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Courses  Textbooks

IP Publication

Seminar

a0 NCN project

| : :
_Information Sim. Tools | Problems: :
I Data I + REALLY LONG stove pipe

I Instruments | - Web content: afterthought
| | =>usually stale
+* Data shared by email

Research Mod & Simulation | + Tools spread by h|r|ng
Team |

Michael
McLennan>>

3: Technology for Dissemination

“simple and utterly dependable”

Basic
Research;

Invention .
Applied

Research;
Innovation

$1Mlyear
operation and
bridge building

“Valley of Death”

29
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Web-enabling Tools

HUBzero lechnology Group.
Fardue University

Rappture: Rapid Application Infrastructure

» Works with your favorite
programming language

* Open Source

* Online at http://rappture.org

» Used by 200 projects and
300 developers

Simulation
Code

Scientist

#H0CN

30



120,
Schred Users
100} per Month

Importance of a good GUI

Classroom
Us =
&0} T

Number of Users
DOS(E) [eV.cm[ 1

10! I." .'I \

20|

Schred

a0 Source Code Downloads
T per Month

CNTbands ...
30}
201

101

MNumber of Source Code Downloads

oL T (N S
Feb-00 Feb-02 Feb-04 Feb-06  Feb-08

Same behavior across all similar converted tools

online simolofion ond more.

- W EYOEES Virtual Machine
Daemon _

ﬁ&w
nanowire job

nanoHUB cluster

=

%ﬁ Rendering Farm

\(A‘ﬁ. 4

T
nanoVIS |~

10/22/10
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an NCA
AT "+
a-n_ Fgﬁ HUB :
wewshus [C7Bip | [wer
rsnlmntac.r—nn e Feb 2007: 1 hub
= [ciHUB

=iy « Feb 2008: 5 hubs
i W = « Feb 2009: 8 hubs

* Feb 2010: 21 hubs

Each hub has its own
funding stream

Outside institutions:
EPA, NYSTAR, Rice

4: Tech Transfer Processes

“dedicated technical site leads”

| Content Creation and Support &
; $2.2M "

Iey of Death

10/22/10
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5: Open Assessment / Incentives

“gather, understand, disseminate stats®

Access,
Use,
Impact

/\4??*

Applied
Research;
Innovation

Deswed Use |n Colombla

nanoHup.org ﬂ'L’_l.OII'lDla

DISTRITO ESPECIAL (488)

2006
(130)

VALLE DEL CAUCA (23)

2007
(111)

ATLANTICO (3)

2008
CUNDINAMARCA (3) (400)

2010-09-14 2009

NARINO (3)

253 Users (21)
673 Tool Sessions |

SANTANDER (3)

2010
(1M
|

201X
(X,000) -

ANTIOQUIA. (1)

10/22/10
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