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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




Worldwide Community

7.2 million hits last month
>75,000 unique users last 12 months
Users at all US Top 50 Engineering Schools
14% of all US .edu domains
Users from 172 countries
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UC Berkeley Usage

Molecular Dynamics Simulacion of Carbon Nanotubes
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265 Citations




Journals 119
® Proceedings 104
® Ph.D. thesis 8
Masters thesis 5
® Books 1

89%

® Conferences 8
Magazines 5
TechReps 15

11%

265 Citations
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265 Citations

Cited for what?

Research 213 80%
Res/Edu 9 3%
Education 12 5%
® Cyberinfr 31 12%




Focus on Research
213 Citations

Research 213 80%
Res/Edu 9 3%
Education 12 5%
® Cyberinfr 31 12%




Focus on nanoMOS
51 Citations

Research 47
® Cyberinfr 4

A Study of the Performance of

Ballistic Nanoscale MOSFETS

Using Classical and Quantum
Ballistic Transport Models

view paper >>




A Study of the Performance of Ballistic Nanoscale
MOSFETS Using Classical and Quantum Ballistic
Transport Models

e 121 Z. Ren, R. Venugopal, 5. Goasguen, 5. Datta, and M. Lundstrom

e of a
of var “nanoMOS 2.5: A two-dimensional simulator for quantrum transport in (SOl
bollise double-gate MOSFETs . IEEE Trans. Electron Devices, vol. 50, pp.
ballist 1914-1925, Sept. 2003. affcct

[10] Nanotechnology Simulation Hub (2003). [online]. Available:

http://www.nanohub. purdue.edu




A Study of the Performance of Ballistic Nanoscale
MOSFETS Using Classical and Quantum Ballistic
Transport Models

[8] A. Rahman, J. Guo, 8. Datta and M. Lundstrom, “Theory of ballistic

For all the results presented 1n this paper, an ultra thin-body
(UTB), mid-gap, symmetric DG (MGDG) device 1s simulated
with a set of detault parameter values. The channel 1s Intrinsic
(undoped); the n-type source and drain regions are doped at 1.0
x 10™" ¢cm ~ and are assumed to be abrupt. No gate-to-source or
gate-to-drain overlap 1s assumed. The default top and bottom
oxide thickness 1s 1.5 nm and the silicon body thickness 1s 1.5
nm. The channel length 1s 10nm unless otherwise noted. The
work function 1s set to 4.25¢V for the top and bottom gates.
The power supply 1s fixed at 0.6V for all drain current vs. gate
voltage simulations.

114 J. Wang, and M. Lundstrom, "Does dource-to-drain tunneling limat the

ultimate scaling of MOSFETSs,” in IEDM Tech. Dig., Dec. 2002, p. 707.




nanoMOS: Transport Model / Bias

&) Transport angBias

Load example: | & Well-Tempered Double-Gate MOSFET

Transpnrt] Bias |

Transpaort kodel: | guantum ballistic transport

Low Field Mohility (emssy:[ |300
Caughey-Thomas Parameter:l:lz
Electron Saturation Welocity (cm/s): |:|1E+I]?

Flot Local Density of States: @) yes

ﬂTranspurt and Big{;

> Load example: | & Well-Tempered Double-Gate MOSFET

Transpnrt‘ Bias ]

v Top Gate Valtage (v):[FE]0.6
Botiom Gate Voltage (v):[E]0.6
Source Contact Voltage (V):l]
Drain Contact Valtage (v): [0
Gate Woltage Step Size (V):I]
h Drain Yoltage Step Size (V):I]J
Mumber of Gate Voltage Steps: 0
Mumber of Drain Voltage Steps: 7

Drain Stant Voltage: [4F=|0

Device Description »

Device Description =

Ak Ak



nanoMOS: Device / Materials Specs

3 Device Description

Device Description
E P *

Device ] Material]

o fro—sfe— for—afe— b1y —]

VFE 1.B821

8 i1mam .

= 1BHS Gaussian

£ o w
=] 1.6409

=

Ambient Temperature: = 300K
Source/Drain Doping Concentration (fcmS):|:|1e+2I]
Eody Doping Concentration (a‘cmS):l:ll]
Top Gate Length tnmj:[ |30
Bottam Gate Length (nmy:[ [30
SourcesDrain Length (nm):l:lm
Source Extension Length (nm):l:lz.ﬁ
Drain Extension Length (nm):l:lz.ﬁ
Source Gaussian Doping Profile Slope (decmm):l:ll]
Drain Gaussian Doping Profile Slope (decmm):l:lﬂ
Silicon Film Thickness (nm):|:|1.5
Top Insulator Thickness (nm):|:|1.5
Eottom Insulator Thickness (nm):|:|1.5

< Transport and Bias

Simulation Options =

Device | Material 1

Oxide Dielectric
Constant

Gate Contact
Workfunction

Channel

X

Silicon Dielectric
Constant

Top Gate Contact Work Function (e |:|4.25
Bottom Gate Contact Wark Function (e%): |:|4.25
Longitudinal Relative Electron kass Hatiu:l:lﬂ.ﬂﬁ
Transverse Relative Electron kass Haticu:l:ll].w
Top Insulator Relative Dielectric Cnnstant:|:|3.9
Bottom [nsulator Relative Dielectric Cnnstant:l:lﬂ.ﬂ
Body Relative Dielectric Cnnstant:l:lﬂ.?

O=ide Penetration Flag: |Mo

< Transport. and Bias

Silicon

Electron Masses in

Simulation Options >



nanoMOS: Algorithm Details

ﬂ S.'wulatinn Options

Horizontal Mode Spacing (nm):l:ll].:i
Yertical Mode Spacing (nm):l:ll]J
Vertical Grid Refining Factar:[ |1

sel-Consistent Convergence Parameter (ey): I:ll].l]m
Poisson Convergence Parameter (el |:|1E—I]B

Valleys: | all -

Mumber of Subhands: 1 =
Dual-Gate Flag: @@ yes -

Fermi-Dirac Flag: ) yes -

Flot 30 Conduction Band: | Both -
Plot 30 Carrier Concentration: | Both -

< Device Description Simulate >



Result: | 30 Electron Density Profile Edge Sequence

30 Electran dendity prohle

|.
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10 results  Farameters...

€) Simulate

Gate
Dependence
of the

Electron
Density

F Simulation = #1
[ X
L1

Top Gate Length {nm) = 10
Eottom Gate Length {nm) = 10
Transzport kModel = classical ballistic transport

< Simulation Options




Gate Length Dependence

£ simulate € simulate
Result: | First Subband energy profile along the channel at different Wd ¥ [ Result |ZD electron density along the channel at different Vd = [al
O

D__ B~ D |
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Ze+13 —
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10 results  Parameters.. 10 results  Parameters...

Simulation = #1 Simulation = #1

FTop Gate Length (hm}) = 10 kTop Gate Length {nm} = 10
Al ﬁ | [ LY

Bottom Gate Length (nm) = 10
Transpaott Model = classical ballistic transpor

Bottom Gate Length (nm) = 10
Transport kodel = classical ballistic transport

« 3imulation Options < Jimulation Options



Gate Length Dependence

Result: |First Subband energy profile along the channel at different Y

D_. SR ~\
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10 results

Simulation = #1

Al »Top Gate Length (nm}) = 10

Simulation = #1

£) simulate
t:1 2D electron [19!’18ItyI along the channel at different W hd @
o

Simulation = #1
| »Top Gate Length (nm}) = 10

» Top Gate Length {nm) = 10
All -

Bottom Gate Length {nm) = 10
Transport Maodel = classical ballistic transport

< Simulation Options

Eottom Gate Length {nm) = 10
Transport Model = classical ballistic transpart

< Simulation Options

Eottom Gate Length {nm) = 10
Transpart Model = classical ballistic transport

iimulation Options




A Study of the Performance of Ballistic Nanoscale
MOSFETS Using Classical and Quantum Ballistic
Transport Models

Result: |I_D3s vs. ¥_D3 -
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The impact of ultra-short channel lengths (< 10nm) on the © g |
saturation current 1s also wvisible in Fig. 2, where the drain * P
current 1s plotted as a function of drain voltage (V) for a gate . lzuwsd]

voltage of 0.6V. For L,=5nm, the I, does not saturate. This 1s
because the channel potential along with the density of states , .0 - e
(DOS) 1s pulled down in energy as the Vg, 1s increased making '
the DOS always available in the channel. To minimize this

problem, the gate control of the channel must be enhanced by
thinning the gate insulator. An interesting observation 1s that
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online ﬂmuluhon and more

Typical Web-based Simulations

o Started at Purdue 1995 with PUNCH:

» Enabled researchers and students to access real simulation codes

» traditionally 800 users annually.
« Typical usability is marginal
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. Codes are tvolcallv out- of svnch Wlth web version

tputimolctoy!

File Type:
[uto w

Change
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UNIVERSITY

The OLD static GUI
» Form sheet input

« Batch submission

* Qutput in some file

* Visualize a gif image
 Other output file

* Visualize gif image

Typical Questions:
 What was my input?

 Did | enter things
right?

Symptoms of:
* No VISUAL feedback.

* Not interactive.
"W



Case in point

Simulation Users

ﬂD simulations using SCHRED [15]o\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 positioning on the 1/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 120 tools online!

and 57 more coming soon




Rappture Toolkit

Rappture

< ). MATLAB®

F o n ra n ‘—‘Rivlr:i'\‘;léﬂo'; .
e
PROGRAMMING
LANGUAGE

Simulation

X
tel\tk

Scientist

e Created by NCN in Nov 2004

« Works with your favorite
programming language

e Open Source

* Online at http://rappture.org

e Used by 180 projects and
200 developers




nanoHUB Workspaces

online simulation and more

A full-fledged Linux desktop,
as close as your Web browser




2} NANOHUB.ORG - Microsoft Internet Explorer provided by Insight Broadband E”E_|E|
Ay

File Edit ‘iew Favorites Tools  Help #
@ Back = E] @ ,; S search 7 Favorites @ (o= s B [
Address @ https: fiwwi, nanohub, orgfindex:, phpoption=com_narwhaldinvoke=workspace-medappcaption="Workspace:20{ 1 000x 7S00&Itemid=275 Vl Go Links: ™ @' Snaglt EI" '@ i

2% Color xtenm

mmc]1ennanishadowl52: ™% gstat
Job id Hame User Time Use

| 11952, wmalls Nanowire zaumitrad Q000200
Nanowire zaumitrad 0030000
Manowire zaumitrad Q00
Nanowire mmclennan Q0300300
Hanowire mmz 1 ennan Q0000
Nanowire mmclennan Q030000
Manowire mmz1ennan Q00000
mnclennanBshadowl52:s i

%2 Start | 2} color xterm o 1301PH |

I-gl Applet Ynchiewer started é  Internet




2§ NANOHUB.ORG - Microsoft Internet Explorer provided by Insight Broadband E”E|E|
File Edit ‘iew Favorites  Tools  Help .%r

@oack » O - M @) 0 POsearch PrFavorres £ | - f B [

Address

@https:,l',l'www.nanohub.org,l'index.php?nptinn=c0m_narwhaI&invoke=workspace-med&appcaptinn=Wnrkspace°f02EI(1DDDx?SD)BJtemid=2?5 Vl = Go Links: @-Snaglt I;:li '@ x

S Color %tenm

mmclennan@shadowl52: ™% qstat
JIob id Mame U=zer Time Uze 5 (usus

[N TN T R T = BT Tt e

=anmitmad

n nanowire simulator

Mammndra

Geometry & doping ] Gate ] Drrain ] Simulation parameters 1 Simulate | new input parameter
mmclennan@shado Y
Hsing fappzdnan

Diameter of the silicon-nanowire: |:|5nm
e e b I:Imm Silicon nanowire simulator
Gate Iength:|:|1llnm Press "Simulate” to view results.
Source & drain exterision Iength:|:|3nm
Source & drain doping (nj:|:|2.I]eZBfm3

Channel doping (p3:[  |0.0/m3

Gate
Contact

Drain
Extension
Source
Extension
. Toad xterm | xcale
ﬁkﬂtartl =l Calor sterm |IX Silicon nanowire simula... I L102PH |

I@‘] Applet VncWigwer started é 8 Internet




2} NANOHUB.ORG - Microsoft Internet Explorer provided by Insight Broadband E”EJE|
Ay

File Edit ‘View Favorites  Tools  Help &
@ Back = |ﬂ @ ;_ S search T Favortes 48 | (- fh B [
Address

@ https: fiwwi, nanohub, orgfindex:, phpoption=com_narwhaldinvoke=workspace-medappcaption="Workspace:20{ 1 000x 7S00&Itemid=275 Vl Go Links: ™ @‘ Snaglt I‘Eli '@ i

P

—1
Gate I'ength:|:|1l]nm Press "Simulate” to view results.
Source & drain extension I'ength:|:|ﬁnm
Source & drain doping (n):DZ.DeZB!mS
Channel doping (m):[ _ |0.0/m3

Gate
Contact

Wire

Drain
Extension
Source
Extension
1 1 ' _ ?
! Share session with: clarksm Fead-OUnlv! | chare

Refresh 3

Share seszion with: | | [] Read-Cnly?

¥ou're presently the anly one authorzed to look at this zession.

Powered by In-VIG0 Lite middleware

ot |Suppart | an initiative |

[

é ﬂ Internet

El Applet YncWiewer started







Upload Your Own Content
anytime




-~ 8N NCN project
- -

Cyberinfrastructure for Running Tools

Physical Machine

Maxwell’'s Virtual Machine

| ———

Daemon

Content
Database

nanowire job

Open Science Grid

VIOLIN

nanoHUB cluster

'? Rendering Farm
TeraGrid’

%;\;VCN @5



-.an NCN project
- -

online simulation and

Cyberinfrastructure for Running Tools

QNC Ii U %

online simulation and more

!

Physical Machine

1wt s |

Maxwell’'s Virtual Machine
Daemon =

Content
Database

Open Science Grid

nanoHUB cluster

Rendering Farm

TeraGrid




-.an NCN project
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online simulafion and more

Other Cyberinfrastructure

el T

L . ,] l“ll
803451426335

+ @ Tool Development Recommendations 1—-;"7_P_"
=S

P

Incentive —
‘ : J

System ([ ) 2

Maxwell's Virtual Machine

Daemon Citations &
- o Digital Object
|dentifiers

Questions &

Answers -@ Sty

Violin o
TeraGrid

o



- an NCN project
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Tool Development Framework

Tool
Developer

e | Web-based

Publishing
System
Registered
v
Created
v
Uploaded
I n Stal | e d Developing Tools for nanoHUB.org
Approved ﬁ -
P! il
Published N

Transering data e w sanohub 3

Summer Schools
at UIUC, Purdue
Online seminars

ccccccc

End User




-.an NCN project
- -

/ ®
7 LK 7
online simulafion and more

Web-based Publishing System

e ._ | What's Next?

In Progress: 1

ile  Edit  Miew History  Bookmarks  Tools

i

¢ CQuantum Dot Lab,

'+ = |nztalled
Jro 1.0

ot

Tour latest code iz installed and ready on nanoHUE. arg, Please test your
Start a new contribution = Bt e Ak il tool by clicking the button below to make sure that everything iz working

properly, az well az werify that the page describing wour tool iz created
and dizsplays correct information:

Stertus for Quantum Dof| =@ Test your application: Launch tool ﬂ

“our ool "Quantum Dot Lab, Jr, w10

STATUS: Registered Create

= Rewiew the page describing your tool

Title: Cuartun]

Version: this wer:

Description: Simlat I'||r.l'|'. - - M 'I' 'I' - '\I"J -

et \We're waiting for You

Status: Installed

Tool ution: t . . . . .

s°° emd"_’" °De:_°t Once you tested your tool and werified that it iz working properly, click

Pm— opento|  M1EFE L0 lEE LS Ko

Development T

o =5 My tool is working propetly. | approve it,

B Os Aty Meed to make changesy Once you've checked in your latest fixes, click
here to let us know:
Dane =% |'ve fixed my code, Please install the latest updates,

%gcn @;{

= 4



-.an NCN project
- -

online simulafion and more

199 Projects

During the past year...
110 Active Projects

89 Active Developers
#1 - drichards
#2 - joeringg
#3 - ssahmed
#4 - saumitra
#5 - paul_nano_tran

State changes they made: 459
State changes we helped with: 474
TOTAL: 933

Usage since April 2007

February 28, 2008

Eobon nanogubs baoad e Ao AENIS gy a® ©® 20 ' 8
ManoGromacs. Juriior & : i 0 . . ]
Mano Gromags 5 e f : - :
yr?;?gﬁicsDB: Dptica.J"'if,onstants - 3 z 3 {h .
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® 99
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® o099y
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Time Development for One Tool >>

Time Development for All Tools >>
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< ANNCN project
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anolriu!
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online simulafion and more

Automated Infrastructure is Easy to Manage

0.5 FTE
Managing Tool
Contributions

nanoHUB Team
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A an NCN project
- -

Wide Range of Expertise

Web  Databases Hardware Middleware Grid Computing Scientific Applications Visualization

online simulation and more Open Science Grid
-8 Y&

&

TeraGrid"

Violin

Seminar
Production




Evolution of Scientific Computing

1100110
1110100

1011100 b * Scientific & HPC
- & ) e ) Computing

few users with
specialized knowledge

1100110
1110100
1011100

Science
Gateways

cyberinfrastructure,
more users

Cyber
Communities

ecosystem,
users support each other



online simulafion and more

New Hubs Online Now

GlobalHUB.org — Dan Hirleman, ME at Purdue
global engineering education
online since 12/17/2007

pharmaHUB.org — Rex Reklaitis, CE at Purdue
pharmaceutical product development and manufacturing
online since 12/11/2007

thermalHUB.org — Tim Fisher, ME at Purdue
heat transfer
online since 12/6/2007

IndianaCTSIl.org — Anantha Shekhar, U

School of Medicine, Connie Weaver at Purdue
accelerating clinical and translational research in healthcare
online since 10/1/2007

nanohub.org — Mark Lundstrom, ECE at Purdue
the granddaddy of all hubs focused on nanotechnology
online since 2002

PURDUE i
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Changing...

 the sharing of information

e expectations of experimentalists/educators
 the pace of tool deployment

 the face of cyberinfrastructure
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