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Ease of Use!Textbook Page
What can you do, 

that no textbook does? Real devices are 
non-ideal!

J.A. del Alamo

R.F. Pierret

The prose 
gets dense

References
to “exact”  
solutions



Bias changes the barrier 
=> exponential current

This is how modern transistors 
turn ON and OFF



High Bias => Hight Current
=> resistive drop 𝐽	 ∝ 𝑛	µ	∇𝐸!

Increase current 
by increase in electrons?
=> Increase doping 100x
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=> Increase doping 100x

=> current 2x smaller!

The barrier got bigger!

Make the resistor shorter!
=> Resistive drop reduced
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=> current increased!

Make the resistor shorter!

Student Discussions!
Interactive – exploratory Learning!

One of the reasons why we 
make devices smaller



Not just Devices!  
Materials, Photonics, Processing etc

ResultsDB

Findable, 
Accessible, 
Interoperable, 
Reusable



FAIR Data

ResultsDB

ü Inputs
ü Outputs
ü Metadata

• DOIs for each dataset
• Unique identifier for 

each entry



Not just Our Own Data! 

ResultsDB

Compute and visualize 
properties for 65,000 oxides

Materials discovery

Sophomore-level class

Ionic packing 
fraction:

𝐼𝑃𝐹 =
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FAIR Data & AI

ResultsDB

Compute and visualize 
properties for 65,000 oxides

Materials discovery

Sophomore-level class

Ionic packing 
fraction:

𝐼𝑃𝐹 =
∑43𝜋𝑅!

"

𝑎×𝑏 - 𝑐

AI 
ready

AI 
ready

AI 
ready

AI 
ready



Active 
Learning

FAIR Data & AI

ResultsDB

=> the Lab of the Future

Instrumented 
Labs!



Active 
Learning

FAIR Data & AI

ResultsDB

=> the Lab of the Future
Discover the alloy with the highest melting temperature
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Automatic FAIR data & data exploration tools



Simple Access to Complex Tools

Devices

Materials

xx.x #param1
 yy.y #param2
 zz.z #param3
 ….   #ParamX 
 ….   #ParamX 
 ….   #ParamX 
 ….   #ParamX 
 ….   #ParamX 

ResultsDB

AI 
ready

20 to 1

20 to 1
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optimize
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Hands-on Data Science and Machine Learning Training Series

For researchers
https://nanohub.org/groups/ml/handsontraining

For undergraduate students
https://nanohub.org/groups/mlmodules

30+ invited speakers

3,300+ distinct participants3,000+ students
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Apps & Tools, & AI
& Lectures 

This week:
AI & Schrodinger (commercial vendor)

375 attendees!



nanoHUB partners in workforce development
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Undergraduate students + K-12

19 universities / 365 students
17 federal employers
31 defense industry companies

Apps & Tools, & AI
& Lectures 



nanoHUB partners in workforce development
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SCALE: Undergraduate students + K-12
MEST: working professionals 

(government & contractors)

Ease of Use!
Community Building!

Apps & Tools, & AI
& Lectures 



With our technology, content & community:
We …

• … enable new groups of researchers!

• … use research tools in education!

• … publish  data & tools in a new way!

• … changed expectations and approaches!

• ... built a global community!
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2,750 
citations

170+ courses, 6500+ content items

250,000+ simulation users

15+ million visitors
700+ tools and apps

55% 
in classes

Chipshub Questions - Can we …

• … empower faculty and students?

• … get from class to lab to fab?

Chipshub approach:
Ease of Use!

Community Building!





























Video at Lunch!
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Just hosting software 
is not enough!

7 Criteria
for Successful Science 

Gateways



Research

Any Science

Any

Engineering

Cha
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..the..

...world

Why is it so hard?
Any Science Gateway’s Dream

7 Criteria
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Research

There are worlds 
between…

7 Criteria
for Successful Science Gateways



1: Outstanding Science / Quality
“Stuff the world wants”

Leveraged Research

$5.1M

2011 Data

“Stuff you would use yourself!”



2: Commitment to Dissemination
“faculty that want to give it away”

+ 6 site leads

106 grad students

46 faculty

2011 Data

1: Outstanding Science / Quality

Faculty IncentivesBuilding



Dragica Vasileska

Faculty Incentives
Tool Usage » reading papers

20 tools
è 62,763 users
è 192 citations

Proof of Impact!
Great in Proposals!



Shaikh Ahmed

• Infused nanoHUB 
into existing classes

• Built a new 
nanoelectronics 
curriculum

• Used nanoHUB 
for research

Next Generation Faculty: 

27,947 users
14 tools

Usage at SIUC

Post Doc
at Purdue

Faculty at
SIUC

Early Tenure Promotion



3: Technology for Dissemination

2: Commitment to Dissemination

The first end-to-end 
science cloud

We built the first 
scientific Apps

Ease of Use!

User



$2M/year 
operation and 
bridge building

3: Technology for Dissemination
“simple and utterly dependable”

Less than 20 hours downtime
last year!

The first end-to-end 
science cloud

We built the first 
scientific Apps

Ease of Use!

User



4: Tech Transfer Processes
“dedicated technical site leads”

Content Creation and Support 
$2.2M

Consultants -
Support

Significant 
portion of budget

3: Technology for Dissemination

Geek

User



5: Understanding Stakeholders

Geek

User

CI
Ops

4: Tech Transfer Processes

Ease of Use!
Community 

Building

Ease of Use!
Community 

Building

Incentives!

Contributors / 
Suppliers



6: Open Assessment / Incentives
“gather, understand, disseminate stats”

Access, 
Use, 

Impact

5: Understanding Stakeholders

User



7: Business Model
Research:
Sustained Academic Funding

Product Development:
Real Business Plans

6: Open Assessment / Incentives



7: Business Model

6: Open Assessment / Incentives

5: Understanding Stakeholders

4: Tech Transfer Processes

3: Technology for Dissemination

2: Commitment to Dissemination

1: Outstanding Science / Quality

7 Criteria
for Successful

Science Gateways

Just hosting expert 
software is not enough!



We work with partners …

We …
• … enable new groups of researchers!
• … use research tools in education!
• … publish  data & tools in a new way!
• … changed expectations and approaches!
• ... built an inclusive community!

Just hosting expert 
software is not enough!

Thank 
You !

We re-envision access to tools…
• We mimic industrial 

implementations!
• Across the whole stack
• Apps for freshmen and 
• Scripts for optimization
• Lectures and tutorials 
for everyone
From class to Lab to Fab

12,000 students using tools 
each year in classes!

16 % at MSIs


