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What is nanoHUB?

Online simulation... ...and morel




Free Account

(just confirm your email address)
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Interactive
Visualization

integrated seamlessly

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




A an NCN project

Typical Web-based Simulations

online ﬂmuluhon and more

e Started at Purdue 1995 with PUNCH:

» Enabled researchers and students to access real simulation codes
» traditionally 800 users annually.

* Typical usability is marginal
. Codes are typlcally out- of synch with web version

50

Ixtput-’m-::ulctoyf .
Ny The OLD static GUI
* Form sheet input
20 « Batch submission
* Qutput in some file
File Type: * Visualize a g|f image
z ue ¥ « Other output file
H « Visualize gif image
§ Change
e Typical Questions:
 What was my input?
 Did | enter things
 —=OreTever rlght’?
T T T S v Symptoms of:
Applied Yoltage (V) ¢ ° * No VISUAL feedback.

* Not interactive.
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Use in Education
moHUB has proven itself to be an extremely valuam

for education and research. ...We have used the Resonant
Tunneling Diode simulator and the MSL simulator on the nanoHUB
for homework exercises and mid-term exams. A class survey of the
use of the nanoHUB simulation engines had shown that the
experience is quite positive. The staff at the nanoHUB has been
Very responsive in supporting our class activities in a

\ professional manner.

H.-S. Philip Wong
Professor of Electrical Engineering
Stanford University

Resonant Tunneling
Diodes

MSL simulator




New Contributor

Contributions

Affiliation Stanford Uni

Web Site

Resonant Tunneing Diods Simuston eceived the B.5c. (Hons.) in 1982 from the University
M.5. in 1983 from the State University of New York at
the Ph.D. in 1988 from Lehigh University, al in

ring. He joined the IBM T. J. Watson Research Center,

H.-S. Philip Wong
Professor of Electrical Engineering
Stanford University

This homework assignment was created by H.-5. Philip Waong for EE 218 "Introduction to
Hanoelectronics and Nanotechnology” (S5tanford University). It includes a couple of simple “warm

Resonant 1
Diodes

up" exercises and two design problems, intended to teach students the electronic properties of
resgnant tunneling ...




Deji Akinwande

Stanford University
In Philip Wong’s Fall 2005 class

IEEE TRANSACTIONS ON ELECTRON DEVICES. VOL. 54, NO. 4, APRIL 2007

A Composite Circuit Model for NDR Devices
in Random Access Memory Cells

Deji Akinwande, Member, IEEE, and H.-S. Philip Wong, Fellow, IEEE

Abstract—Devices exhibiting negative differential resistance
(NDRY), such as resonant tunneling diodes and Esaki-type diodes, - ¥Word Line

C. Validation of Composite Model

Analytical models are not useful if they are inaccurate.
In Fig. 4, a graphical comparison between the three sets of [*™
composite models and experimental composite data from the
NDR device reported in [6] are shown. As another example,

"Online, available http://www.nanohub.org, “Resonant tunneling diodes
simulator.” The “self-consistent solution™ option was turned off. Contact/well
. =i . ' . I ] T
material = GaAs, barrier material = AlAs, contact doping = 1 x lUl']_;cm"".

barrier width = 1 nm, well width = 1.5 nm, RTD area — 918 nm*=.




More Contributions

Contributions

Affiliation

Web Site

Stanford University
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Mumber of ¥gs points: 3

Initial Gate: bias: [ 1V
Final Gate bias: [ 5v

Mumber of Wds points: 5
Initial Drain bias:[F-]ov
Final Drain bias: [ 1v
Oiide thickness: |:|4nm
dielectric constant:_Zl]

Schottky Elarrier:l].s
T: =0 300K

Result: g_Sweep of ¥is

eceived the B.5c. (Hons.) in 1982 from the University
state University of New York at

Lehigh University, al in
' T. J. Watson Research Center,

0.0001 —

H.-S. Philip Wong
Professor of Electrical Engineering
Stanford University
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1 tesult Parameters:

Schottky-Barrier CNFET
Online March 16, 2007

Users: 179
Jobs: 1065

45 secs
Last 12 Months: updated 04 Dec, 2007
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Usage Statistics

Simulation Users
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9,115 Simulations
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" Saumitra Mehrotra

Univ. of Cincinnati

Monthly Nanowire Jobs - Saumitra
700

600
500
@ 400

In the past 10 months: 300

26 tools / 3,327 simulations 200

47 simulations: bandstructure lab 100

0
240 simulations: FETtoy Aug-06 Dec-06
2,855 simulations: nanowire

. 1 _ t
8,242 nanowire CPU hours Monthly Nanowire CPU Usage - Saumitra

2000

“and more” content 1500

134 items, 52 hours 1000

CPU hours

96 support tickets >00

69 entered manually, 0
27 filed automatically by application Aug-06




- IEEE Workshop on Microelectronics and
™ Electron Devices (WMED), April 20 2007

Process Variation Study for Silicon

Simulation Tool

SINW FET Vs FinFET — Gate Length Variatios
Process Variation Study for Silicon Nanowire

performance in circuits and superior reproducibility for the

Sin FETs. - _ REFERENCES 9
Fig. 4 shows thc_ Varm_tlon . in the thI’CShOld V‘OIFagC with [1] W.S.Shi et al., “Synthesis of Large Areas of Highly Oriented, Very Long

change in the gate dielectric thickness. Again, the SINW FET Silicon Nanowires,” 4dv. Mater. 12, 1343, 2000,

shows a smaller variation (1.2 mV/A) Comparcd with the [2] D. Ma et al..,” Small-Diameter Silicon Nanowire Surfaces,” Science,
SISl G ; i ; S " 299, p. 1874, 2003.
FinFET’s 5 mV/A. Also of interest is the sensitivity of the P

] - 2 1 g 8o tho fl—@n!:l

. Wang, E. Pohzzi. M. Lundstrom, "A three-dimensional guantum
simulation of silicon nanowire transistors with the effective-mass
approximation,” Journal of Applied Physics 96(4), pp. 2192-2203, 2004,
Simulations were performed on http://nanchub.org

l. Wang, E. Pohizzi, and M. Lundstrom, A computational study of
ballistic silicon nanowire transistors,” in fEDM Tech. Dig., Dec. 8-10,

2003.pp. 695-698.

[31 Y. Cui, Z. Zhong, D. Wang, W. U. Wang, and C. M. Lieber, “High




Case in point

Simulation Users

ﬂD simulations using SCHRED [15]0\r

ISE, ...., were used to support our analysis
and compute the inversion carrier profiles in
the devices.

Jan01 Jan03 Jan0s Jan0y

Source Download: EffeCt Of Channel pOSItlonlng On the :I./f nOISe In
silicon-on-insulator metal-oxide-semiconductor

371 Users
Last 12 months

Mumhber of Users

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

Mumher of Downloads

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




Over 50 tools online!
50 more in the pipeline
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nanoFORGE.org

Open-source AND closed-source code development
>120 projects

Welcome to nanoFORGE, the project

development area of nanoHUB.org. The following pages Shosabint
are maintained by the various owners of each project. Many hubzero saoadant
of these tools are available as Open Source, and you can ; i

_ _ o lib-gangli app-bandstriab
download the code via Subversion from this site. Some

nanohub -b
e app-beamprop
tools are closed source at the request of the authors, and 2 kil

: nanohub-for-kids -bi
only a restricted development team has access to the code. app-biomoca

See each project page for details. nanohub-support app-biomolelab
nen app-biophet

Become a member! Sign up for a free nanoHUB account

ncn_students app-biotrpnp
and use this site to manage your software project.

nmi app-blast

pharmengine app-
brownianmotion
rappture

. app-bsir_sc_lab
rappture-runtime

Brasi app-cacti

app-cenems
app-catb
app-chemkinetics
app-chess
app-cndo




825

resources

279 added

Nov 06-Oct07

Most licenses:

Creative Commons
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Who’s using this?
>3 million hits last month
>1 million visits last 12 months

26,597 users last 12 months
218,656 simulation jobs last 12 months

51 of the Top 50 Engineering Schools
11.75% of all .edu domains
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A global following
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A global following




Evolution of Scientific Computing

1100110
1110100

1011100 1 < e Scientific & HPC
- & ) e ) Computing

few users with
specialized knowledge

1100110
1110100
1011100

Science
Gateways

cyberinfrastructure,
more users

Cyber
Communities

ecosystem,
users support each other



LB, Hub Tech |H°i§_ﬂ_ﬂ? ﬂg\wy
e Rosen Center forAdvanced Computing:

| 6 other HUBs Under Development

— Mark Lundstrum, ECE at Purdue

the granddaddy of all hubs focused on nanotechnology
online since 2002, PUNCH online since 1995

— Anantha Shekhar,
IU School of Medicine
accelerating clinical and translational research in healthcare
online since 10/1/2007

— Rex Reklaitis, CE at Purdue

pharmaceutical product development and manufacturing
coming online by 11/30/2007

— Tim Fisher, ME at Purdue

heat transfer
coming online by 11/30/2007

— Dan Hirleman, ME at Purdue T T
global engineering education o
coming online by 12/17/2007

—Shade, IE at Purdue

manufacturing engineering
coming online by 2/28/2008

— Nagle, DP Purdue

cancer care (tools built now, online 2009)

PURDUE (TP <35 &




Online simulation and more
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Total Users
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Content
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nanoHUB.org

Outreach:
.. Make IMPACT with your Science!

| Content

0
FebO1 Feb02 Feb03 Feb04 Feb0S Feb0d

Real users and real usage
>26,000 users

ter Scale Science

aaaaaaa

ooooooo

online simulation
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