. % Network for Computational Nanotechnology nanoHUB.org
U Mythbusting

Scientific Knowledge Transfer with
nanoHUB.org

Gerhard Klimeck, Purdue University, gekco@purdue.edu
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Thanks to

Research Group
@Purdue
@NASA JPL 1998-2003
@Texas Instruments 1994-1998

nanoHUB and HUBzero Team
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Intel in 2009

65nm Node
2005

45nm Node
2007

3Z2nm Node
2009 22nm Node

zo~ Length B P ‘ Fretetype ' De Vice Size ..

(Production ramp-up) . > (Resedrch)

N e” s} Tens of nanometers

(Research) 1Cnm Length

el | Stanford SUPREM

Prototype :
Research) Nanowire

RobertChau(Intel), 2004 : Prototype ,

(Researchy

http: //www.intel.com/technology/mooreslaw/index.htm transistors
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http://www.intel.com/technology/mooreslaw/index.htm
http://www.intel.com/technology/mooreslaw/index.htm

Berkeley

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

Ronald
A. Rohrer

,  Dissemination:
T, 2 » Public domain code
@m@,,f%. X » Pederson carried tapes along
", Paderson » Students took it along

to industry and academia

» Released 1972
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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
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Birth of an Industy

Device Size

Intel Capitalization:

$85B

Total Industry:
$280B

Transistors




What’s Next?

5 ’76/70 Nano Initiati

.8 S[}Z/ \SO ‘ ﬁ

g RONGE |
Cs

Transistors
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Extensive Facilities
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N ano Model/s

Result: Molecular structure: overall

Ketant en Dots
Ardificial Ators

Image generated with
CNTBands on nanoHUE.org

Cdréon N anot L(A&S
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Different Wor/ds
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EQSy USe
No Irnstal/
4 ny Brocwser
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EQSy USe
No Irnstal/
4 ny Brocwser

Thursday, September 27, 12

© Gerhard Klimeck, Purdue University




Most research codes
are toritlen Ay orne User

£or one «#Ser
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Structure

{

Material

{
name = GalAs
tag = substrate
crystal structure = simplecubic
atoms = (GalAs)
Lattice:a lattice = 0.565

regions = ‘1) “
Bands:TB:s:param set = nanohub

s —
Bands:TB:s:nanohub:E S GaA = 12.1307935176
: Bands:TB:s:nanohub:V_S S Si = =20
1; Bands :TB:s:nanohub: _ [ = 125
l }
Domain
{
name = structurel
type = pseudomorphic
base material = substrate
dimension = (18.0,19.0,9.0)
periodic = (false, false, false)
crystal directionl = (1,0,0)
crystal direction2 = (0,1,0)
crystal direction3 = (0,0,1)

(3,0,0)

IS5t/

space _orientation dirl
space entation dir2 _=
regign 58[‘
geometry d€&scription

Thursday, September 27, 12

© Gerhard Klimeck, Purdue University




ﬂlnput -+ ¥4 Simulate

@ About this tool
Questionsz

Number of States: 7

Surface passivation: [J]yes

Device Structure] Light Source |

= Y

Geometry: |Pyramid

¥ dimensions: 10nm
Y dimensions: 10.5nm

Z dimensions: Shm

Effective Mass: 0.067
Discretization: 0.565nm

Energy gap: 1.43eV
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Why is this so hard?

= |
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Ll eSS 51516 G255 o

are eoritlen Ay one USe,r >‘/4/ Bzero

De\/e/g;pg& é@égnd/ (v
USer Fl:/‘ena// y

’( @Ppidﬁe
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T7Z has beer very Ahard !
fmergea/ M}/Z As

4 CCeSS /‘A/ C (ro installadion)
%é/ Bzero

De\/e/ oper Fr/ena// y
USer F/“/‘ena// y

Kappliure
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fmerﬁea/ M}/Z As
HSer Fl:/‘ena// y

Cannot wse resSearch codes For educadion
Must worite own code 2o do research

fxfper/menfd/ 1STS cannol wUSe reSeQrC/’} codes

De\/e/ oper Fr/‘ena// y

Ba/‘/d/nﬁ User Interfaces oo DifFic e/
Must recorite code for wed o/ep/oy/y/enf

There 1S no incerntive 2o Share codes

4 C’/Ce\f 5 / A/ C (o installation)
NO End—to—end Science Clowd Possible
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bA @ Network for Computational Nanotechnology nanoHUB.org

Usual Science Gateway Process

xR

A o
;
.\\11 H

* Not validated by
researcher (disowned)

» Researcher has much
better version

 Code rewrite takes
2-3 years

Web Developer

Mean, Propos a/s read al /,ée
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bA @ Network for Computational Nanotechnology nanoHUB.org

Usual Science Gateway Process

xR

A o
;
.\\11 H

« Scale back expectations
* Not research codes
 Toy applications

* Not deep research

« Maybe for education?

Web Developer

(GFenerad /nq a Bad ,( epazlaf/‘on
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nanoHUB Process

* 175 tools / 4 years
without $88M

* Eliminate bottlenecks
* No Middleman

* No Rewrite

_ @ Network for Computational Nanotechnology nanoHUB.org

» Retain ownership

* Rapid Deployment:
2-3 years = 1-2 weeks

» Rappture toolkit

« S/W Dev. Ecosystem

Researcher

nano/UB 15 different
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@ Network for Computational Nanotechnology nanoHUB.org

Software Development Ecosystem

Development
Workspace

Staging M

- Repository & Testing =

|Q
b o=
o DlaGrld

N
Repository Wiki Notes User Support

Tool Projects ’ Q8A
h ATickets

A s

nanoS U B — nowhere e/se!
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‘_‘ @ Net_work for Computational Nanotechnology

1400
Cumulative
1200 | == Tool Versions
1000 - "= New Tools
- Active Developers
800 -
Introduction of
600 - web-based Cont
. s ontinual
400 - developer training _ Engagement
\ W"r Over 300 Developers
200 - : i .M.'m'lll " NOT PAID by NCN
o v v e asiil nrlllll i ""{II"III ”I .
N S » 4 O N
N N N O Q N
O S

nano/UB can prove it
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Developer Collaboration Network

Purdue Umnivesity

outside NG
University of Florida OutSide NCN

Each dot is a tool
Links are people
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Developer Collaboration Impact

Users Served vs. Collaborators . i
10000 S -—*
. o 0" s :. ¢
e 85°.°,
! . o e o g% Se - S B
o 100 1t |—-—!—:L‘*,. 5
o ' I T
- . ! g o
Q * ° . o ®
Y 100 ! . ‘ . .
@ I s g o °° Orange dots:
- ¢ o o . Site Leads
10 [ | . .
b 4 .
¢ White dots: Developers
®
L] .
1 10
Collaborators
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Next Generation Publications
Research Incentives

#ﬁ Tool Usage = reading papers

17 tools
= 11,570 user
=» 123 citations

Thursday, September 27, 12 30
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Next Generation Faculity:

Mf Usage at SIUC I
= 'IEZ‘
|||I||| Imlnl |

J. 1E0 y I
Shaikh Ahmed 2005 172006 12007 | 172008 152009  1/201¢ 1/2010

-

Tools Authored by Shaikh S. Ahmed (6,183 Use - Post Doc Faculty at
6.183 users at Purdue| SIUC
b

8 tools

* Infused nanoHUB into
existing classes iy
* Built a new nanoelectré"'

. curriculum
288 21 » Used nanoHUB for rese "

\

' 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
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Myths Busted /U Bzero
Kappliure
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Activities on
http://nanoHUB.org :
in 172 countries e
INew Registrations
@Simulation Users ®

nanoHUB.org usage 2012-02-03 00:00:00

Can Ccodes Ffor educalion
#jééér/ fjfi:gzo de (Z‘noo ;’noéi‘de/éféfc

NO End—to—end Science Clocd poSSzé/e
prer/ MenZ‘d/ 1 STS cannol wSe reSearch codes
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i

User Behavior Analy,sjé_i__é‘»:
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nanoHub User Behavior

Users

——

——— Time (days)

2010-06-30 6 users 1 days of history
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User Behavior Analysis

single tool,
single use /
homework

Myth Busted:
Proof of use in EDUCATION!
Knowledge Transfer out of Research

14,000 students, 185 institutions
Voluntary / Viral Use

Thursday, September 27, 12




Time to First Adoption

Typical textbook update:

_________________________________________ )
___________ .>: - 2 i o
——————— ) 777777777777 - I
___________________________‘_._)
.--_____________________________'____),
______________________________________ )
. |
N- O e e e fb« {‘) Q") g") Q")
$Q’e V‘\O“\& 3 N O(SS\ 06:9 ,\:\Q’ *?:b N\Q:b \Q/’b *Q:b
N N 0)@ b@ o)@ Vv ) ™ R

Time Between Tool Publications and First Use in Classroom
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Rapid Adoption of Research

Median adoption time: Typical textbook update:

174 days (5.7 months)

35

30

25

20

15

10

Time Between Tool Publications and First Use in Classroom
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Revolutionizing Research > Classroom

Median adoption time: Typical textbook update:
174 days (5.7 months)
35
Total
30 Different Institution|
A ¢ Same Institution |-
20

15 ’

Time Between Tool Publications and First Use in Classroom
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User Behavior Analysis
=> |s Research Possible?

> Users

research,
self-study

; Tifhe (d.a.ys) ]
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857 nanoHUB Citations

each dot is a paper

3 ) @
line is s * 0
common ¢* ¢ @ ‘.
author :

56%
outside

cyber °®

edu/nano
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857 nanoHUB citations
687 in nano research

o Se® |\ .0: . :
> o8 E o O :‘:0)-\-'.‘0’;3'
359 expt. data .y ‘0 . . — 2, "\‘ :
14 % experimentalists . ’ o ¢ 0 °
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- U Network fgr-"éomputational Nanotechnology ﬁg ""@“9

h-index: Research Quality Indicator

L ’000 Academy of
Engineering
_Member Year 2012
\ 857 nanoHUB citations
100 - >7,500 secondary citations
h-index: 41
Faculty Year 2009
10175 years . 575 nanoHUB citations
after PhD 7 >3,200 secondary citations
h-index: 27
L . . - .
1 10 100 1,000

" deepTiesbagody 72saapg HZPUS
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“ @ Network for Computatlonal Nanotechnology ;g nu@.org
Compute Intensive: NEMO/OMEN

»,av" r //'/. :
(a //////////// ////i" '

(b)
18 years development
» Texas Instruments
 NASA JPL

 Purdue
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a @ Network for Computational Nanotechnology ' A
Compute Intensive: NEMO/OMEN
-ﬂm—

(b)

~ A\O\\\" \G‘
. —e— Double Precision AP N
N —&— Mixed Precision 298
\:
10
18 years development 2
7
e Texas Instruments 2 %
« NASA JPL ks g
 Purdue 10° , B
Y 4 parallel levels .
« Peta-scale Engineerin 257 votage AN 20 \
g g Al Momentum 30x N
-3¢ Energy 420x-1470x 7,
Space 9x O,
2700 11,070 44,280 221 4180
Number of Cores
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% Network for Computational Nanotechnology nanoHUB.org
U Compute Intensive: NEMO/OMEN
wﬂh < | . o Double Precidon \\‘\\o\‘ .\\

- Mixed Precision by )
. - N arva 5
s .
— . DN -
(a) 10 N o g
- " ’
= H L
R . s 3
s . e W . ¢ Pt C
: (€) B, ”I..,;,va ¥ As 4 W g RN ”“g% -
STl * 7 . : NG 100
leT " 2 : Wi,
> AL .
® \ ] a &
10" .’ Ny E
- 4 paraiel levely N

ACM Gordon Bell Prize
18 years development Dl

« Texas Instruments
Mathieu Luisier, Timothy B. Boykin,
° NASA J PL Gerhard Klimeck, Wolfgang Fichtner
¢ P U rd U e Atomistic Nanoelectronic Device Engineering with
. . Sustained Performances up to 1.44 PFlop/s
« Peta-scale Engineering
« Gordon Bell & ot D
\— “\'."z‘.'v‘-. A‘,'U.I:.m:“"f" I

Scott Lathrop
SCH Conference Chalr
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. Network for Computational Nanotechnology nanoHUB.org

Compute Intensive: NEMO/OMEN

. o, ot oo = . \ Y
ASTRAGEA AR SR () w7 ( WA
S : ; TR P 3 2“ *  Dauble Proason \\~\ \\‘\\
J "N L >a &~ Mixed Precigion \?r' QX
. - e - AW
" -

e’

>

':ll) » ‘ 'C‘ :\‘
. - SCN1 h 3 s .
- e u - g
o ¥ q“ g -
(€) ‘ .(Q&(&v{ g;' Q’*‘\b/_p 10 E
E 2 " 2% :
(b) athles Jishe imothy B Bevkis -l » ‘\'P\,\Q' E
( .5 \ . N
. ernare a o0k, Wollgang Fichner 10 ‘?) E
- v o -
- -~ o
-~
\ 20 ngon 44290 221 -1&)

Number of Cores

Ohm'’s Law Survives to the

5
\ :
N Atomic Scale
. .
R B. Weber,’ S. Mahapatra,” H. Ryu,* S. Lee, S‘ "1ence e
W. C. T. Lee," G. Klimeck,” L. C. L. Hollenber
As silicon electronics approaches the atomic sa “ AAAS |pme comparable
- in size to the active device components, Mainti - - his scale is
challenging because of the presence of confining surfaces and interfaces. We report on the

-
~ nature
nanotechnology

A single-atom transistor

Martin Fuechsle’, Jill A. Miwa', Suddhasatta Mahapa

e Science, Nature Nano ,
Oliver Warschkow', Lloyd C. L. Hollenberg?®, Gerhard

Thursday, September 27, 12

© Gerhard Klimeck, Purdue University



% Network for Computational Nanotechnology nanoHUB.org
U Compute Intensive: NEMO/OMEN

18 years development

*~ Dauble Precision N

% < >

Texas Instruments

NASA JPL

Purdue

Peta-scale Engineering :
Gordon Bell % 10,837 Users .
Science, Nature Nano 166,793 Simulation Runs
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nanoHUB.orq
\pute Intensive

@ Network for Computational Nanotechnology
Boieg e v

18 y&'s development S
267,462 15 muhasias Runs W 7e
-1JAGEA UBers

«3.8vddUsers in 100 classes qwal k

{ QWalk: Continuum electronic structure quantum Monte (

..............................
............................
» »

o -: ------ ) :o'o: o:o‘c‘o‘c' ole’ele

o
O....
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Usage Patterns
=> Tool Qualification

Each dot is one tool
Size of dot indicates number of users

Tools Ranked by Frequent Use in Teaching
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Usage Patterns
=> Tool Qualification

Each dot is one tool

q Size of dot indicates number of users

Tools Ranked by Frequent Use in Research

Tools Ranked by Frequent Use in Teaching
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Dual Use
Education and Research are coupled!

Each dot is one tool
Size of dot indicates number of users

235 tools!

&&\.
€7 e af¥e

Tools Ranked by Frequent Use in Teaching

Tools Ranked by Frequent Use
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s Tool Usage
Time Evolution

Tools Ranked by Frequent Use in Research

Tools Ranked by Frequent Use in Teaching
Thursday, September 27, 12
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Scientific Knowledge Transfer on nanoHUB.org
Making Research Useful for Others
Over 230,000 Users Annually . 857 papers 14,000
T ok il T . students

\}‘U ‘ YWl Bzero & Kapplure
Y Accessible (FREE no installation
- Irn Kesearch
\‘% In Edwcation ) Accel. erale Irnnovation
X Deve/. oper Fr/ena//y 260+ tools
Q >300 developers

USer F/‘/‘ena//y 12,000 Sim. Users Annually
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ﬂ Network for Computat;onal Nanotechnology nanoHUB.org

Simuladion Tools

o Used Ay researc Alers

o Used Ay experimenta/rsTs
o Used in educalion

In a scientific clowud

Wit hout amy installation
Fell /y operdf ronal 24/ A

With asgessed IMPAHCT .
any proposals read alife

ﬂp L, 0Pt n? S ke 1doen?s o /)/
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_ ( @ Network for Computational Nanotechnology nanoHUB.org

nanoHUB.orq

Simetladion Tools
o USed Ay researc rers
. ‘ \\S\Q\'
* /(Sed Ay experi mentalists 66
» (Sed in educdalion
In a scientific clowd N\
A)/‘f/?oaf dny installation
ﬁ(//y operdf/ond/ 24/ A

With asgessed IMPAHCT .
any proposals read alife

ﬂp L, 0Pt n? S ke 1doen?s o /)/
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" @v Netyprk for Computational Nanotechnology nanoHUB.org
C ‘
i Ogg‘.b‘ . Dpva | e
nanoHUB.orq

Simuladion 7Tools

* Used by researchers

o USed Ay experimentaliSTS
o Used in educalion

In a scientific clowd
without any installation
ﬁ(//y operai rona/ 24// +
wWith assessed IMPACT

Thursday, September 27, 12
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4 @v Network for Computational Nanotechnology nanoHUB.orq
= stonNCN 7 s900
nonoHUB orq 5’ n 8

Simelalion Tools and Experimental Data
o USed Ay researc lers

* Used Ay experimentaliSTS

o Used in educalion

In a scientific clowd

Wit Aot any 1nstallation

ﬁ(//y operaZ‘ rona/ 24// +

With assessed IMPACT
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i‘ K ) Netj!vg'k for Computational Nanotechnology i : ""@'“9
(%) b
= ncn 7/ ”749 7,
(% nanoHUB.org I e

Simelation 7Tools and Experimental Data

» Used by researchers

¢ Used Ay experimentaliSTS
o U(Sed in education

In‘ a Scienti#i c C/Oé(a/‘ ?e/%a‘ac/ 4.
Wit Aot any 1nstallation
ﬁ(//y operaZ‘ ronal 24// +

Ty (L2532l YAt ey nd Scrence

/\/ Vgl fhﬁl‘heel‘/‘hﬁ

&= . > /4 A 2
Persofitl izl Z_ea“n/n:.j? Bl [ eSO EsRcle ek

Bec ome Part of Che Day—-io —Day Workfloww
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@ Network for Computational Nanotechnology

- VQNOF 81

Used PyreRetEasNRIAL nano SO
* USed éy experlmenfa/lé’(é

i é/&’ea’ Y ec/é(C’.(iZ‘/‘Oh
In a Scientific clowd

without amy installation ‘
Fé-(//y operaZ‘/ond/ 24/ 7 FM(O&/Q
With assessed IMPHCT W 629'”86”,29

In adfl areas of Nano €ngneering and Science
Peprsona/ized [.earn/'lg at a/l workforce levels
Becorme Part of Zhe D@/ ~Zo -—D@/ Workflow
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THE PROFESSIONAL nano SOCIETY

| magine

Simulation Tools and Experimental Data

* Used by researchers
* Used by experimentalists
*« Used in education

| n ascientific d aud
Without any installation ) .
Fully operational 24/ 7 N“epm‘*,‘c'b',e
With assessed | MPACT ano Engneering

| n all areas of Nano Engneering and Science
Personalized Learning at all workforce lewls
Become Part of the Day-to- Day Workflav
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