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Objectives 

• Objective 1:  Introduce nanotechnology and its current 

applications 
 

• Objective 2:  Overview nanoelectronics and complex 

nanomaterials 
 

• Objective 3:  Give a perspective on future directions and 

emerging trends 
 

• Objective 4:  Address issues  and implications for 

education and the workforce 

 



Who Am I? 

• (Nano)materials scientist 

• Technology transfer/IP 
manager 

• Government policymaker 

• Industry consortium 
executive 



Audience Poll 

Who Are You? 
A. K-12 Educator 

B. Community College Educator 

C. 4-year College/University Educator/Researcher 

D. Industry scientist, engineer or technologist 

E. Government agency or nonprofit organization 
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What is Nanotechnology? 

Understanding and using “stuff” that is 1-100 
nanometers in size. 



Audience Poll 

How Small is a Nanometer? 

A nanometer is one billionth of a meter. 

If a nanometer were the size of a marble, a meter 

would be the size of: 

A. The Sun 

B. The Earth 

C. The moon 

D. The Grand Canyon’s depth 
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Audience Poll 

How Small is a Nanometer? 

The thickness of a piece of newspaper is 

about: 

A. 10 nanometers 

B. 10,000 nanometers 

C. 100,000 nanometers 

D. 1,000,000 nanometers 



Nanotechnology Enabling Advances: 
Imaging Technology 

• Scanning Tunneling Microscope 

– Inventors Binnig and Rohrer received the 1986 
Nobel prize in physics 

 

STM image of Cesium atoms (red)  
on Gallium Arsenide (blue) 

Credit: NIST 



Nanotechnology Enabling Advances: 
Nanomanufacturing 

• Directed self assembly 

• Imprinting 

 

Source: NIST 

http://nextbigfuture.com/2011/05/stamp-fabrication-by-step-and-stamp.html 

Credit: J. Am Chem Soc 



Size Affects Properties: 
Gold Melting Point Depression 

http://www.intechopen.com/books/thermodynamics-physical-chemistry-of-aqueous-
systems/heterogeneous-melting-in-low-dimensional-systems-and-accompanying-surface-effects 



Controlling Materials at the Nanoscale 
Controls Their Properties 

From left to right: 80 nm silver nanospheres, 20 nm silver nanospheres, 40 nm 
gold nanospheres, 12 nm gold nanospheres, 200 nm silver nanoplates, 120 nm 
silver nanoplates, and 60 nm silver nanoplates. 

Source: http://nanocomposix.com/kb/general/color-engineering 
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Gold Silver 

Chemistry 

Silver 
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Spheres 



Nanotechnology for Medicine 

• Imaging 

• Diagnostics 

• Therapeutics 

http://www.azonano.com/article.aspx?ArticleID=1538 
Source: NIST 



Nanotechnology for Energy 

• Solid state lighting 

• Solar cells 

• Batteries 

• Catalysts 



Type questions in 
your chat window 



Nanotechnology for Electronics 
• More connected 

• More mobile 

• More data = more knowledge 

• More “intelligent” environment 
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Moore’s Law: # transistors/chip 

doubles every 24 months 





Audience Poll 

How many transistors does Intel 
sell annually? 

A. 1.43 billion/person 

B. 1019 

C. 10 quintillion 

D. All of the above 



38 

1976: Best available storage technology 
was the IBM 3350 

Each unit:  

 635 MB 

 $70,000 

What Moore’s Law Has Enabled 
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80Gb cost 
$9,000,000 !!! 

in 1976 dollars 

1976: Best available storage technology 
was the IBM 3350 

iPod(5G) 

 80GB 

2006 

126 IBM 3350’s = 
storage in  

1 iPod 

80Gb cost 
$350 

in 2006 dollars 

Each unit:  

 635 MB 

 $70,000 

What Moore’s Law Has Enabled 

http://upload.wikimedia.org/wikipedia/commons/8/88/Ipod_5th_Generation_white.jpg


Basic Semiconductor Transistor 

//upload.wikimedia.org/wikipedia/commons/3/34/FET_cross_section.png


Source: Robertson, Eur Phys J Appl Phys, 28 (2004) 265 

Scaling of Transistor Feature Sizes  Push 
Gate Oxide Material Limits  



 

Nanotechnology + Electronics =  
Today’s “Semiconductor” Industry 



Nano-thick Gate Oxide Layer Requires 
New High-K Material 

 

Source: Robertson, Eur Phys J Appl Phys, 28 (2004) 265 



As Transistors Shrink, So Do Interconnects 

New conductive and 
insulating (nano)materials 

are needed 

Interconnect 
51% 

Gate 
34% 

Diffusion 
15% 

Half of microprocessor 
power goes to interconnects 

(> 1 billion transistors;  
total budget= 200 watts) 

Low-k 
dielectric 

Copper 
 

Source: NIST 
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Length of interconnects in a microprocessor = 36 miles 



Cu line resistivity (micro-ohm-cm) 

barrier thickness (nm) 

ILD Bulk dielectric constant 

Interconnect Triple Challenge 

Source: http://www.future-fab.com/documents.asp?d_ID=4414 

Source: J. Clarke, Intel 

Cu + barrier 

barrier thickness (nm) 



Better Insulators: Low-k Dielectric Materials 



Source:  Fischer et al., Microelectronics Reliability 41 (2001) 445 
http://www.sciencedirect.com/science/article/pii/S0026271400002468 

Interconnect Performance Impacted by Scaling: 
Electromigration Voiding  



“Silicon” Chips are Complex Nanomaterials 

 

Source: Intel 



“Silicon” Chips are Complex Nanomaterials 

 

What are the possible environmental effects? 
Are some elements in limited supply? 

Source: Intel 



Transistor/chip  = Price/transistor  
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Microprocessor that cost $1500 when it 
was released in 1986 today costs 50 cents. 
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Transistor/chip  = Price/transistor  
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Microprocessor that cost $1500 when it 
was released in 1986 today costs 50 cents. 

P
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Year released 

What happens when silicon transistors reach their limits? 



Type questions in 
your chat window 



Nanoelectronics:  
Beyond Today’s Technology 

• Can we store and send 1’s and 0’s using 
something other than charge? 

• Are there materials that offer advantages? 

 

Carbon Nanotubes Graphene 

//upload.wikimedia.org/wikipedia/commons/b/bc/Multi-walled_Carbon_Nanotube.png
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Nanoelectronics Research Initiative 
Industry-Govt Partnership   

 

 

UC Los Angeles 
UC Berkeley 
UC Irvine 
UC Riverside 
UC Santa Barbara 

Notre Dame Purdue 
Penn State UT-Dallas 

UT-Austin     Rice 
UT-Dallas NCSU 
U. Maryland Texas A&M 
GIT  

SUNY-Albany   
Purdue          U. Virginia 
Harvard        GIT 
Columbia      MIT 
  

Over 40 Universities in 19 States 

(co-funds all centers) 

Virginia Nanoelectronics 
Center (ViNC) 
  University of Virginia 
  Old Dominion University 
  College of William & Mary 

 Brown 
 U. Alabama 
 Northwestern 
Columbia  Carnegie Mellon  
Illinois-UC  MIT 
Stanford Notre Dame (2) 
Nebraska-Lincoln Columbia / U. Florida 
Penn State U. of Minnesota 
Princeton / UT-Austin Cornell / Princeton 
UC-Santa Barbara Drexel University / UI-UC / U. Penn 
UC-Riverside / Georgia 
Virginia Commonwealth / UC-R / Michigan / U. Virginia  
UC-Riverside / UC-I / UC-SD / Rochester / SUNY-Buffalo 
U. Pittsburgh / U. Wisconsin-Madison / Northwestern 



NRI: Research on Novel Materials and 
Devices for “Beyond Moore’s Law” 

Heterojunctions 

Notre Dame, Penn State 

Nanowires 

Penn State 

Graphene 

Notre Dame 

Tunnel Devices 

MIND 

Spin-Wave Device 
WIN - UCLA, UCSB 

Spin-FET 
WIN - UCLA 

Nanomagnet Logic 
MIND - Notre Dame 

WIN - Berkeley 

Spin-Torque Device 
WIN - UCI 
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Graphene Integration  
INDEX – SUNY Albany  

 

Graphene 

 Tunneling Insulator 

Graphene 

 

FMD 

Graphene 

Substrate 

Contacts 
Insulators 

Oxidation 

Graphene Processes  
SWAN – UT Dallas  



 

Barriers to Realizing Benefits of Nano 
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Barriers to Realizing Benefits of Nano 

 Standards 
 Regulatory certainty 
 Scalable manufacturing 
 Prepared workforce 



Industry is hiring at all levels 







Nanotechnology Jobs 

• Multidisciplinary 

• Varied education requirements 

• High paying (1/3 pay $70K or more) 



Jobs in 
Industry, 
Govt and 
Academia 

Nano Education Pipeline 

2-year 
Technical 
Degree 

Under- 
Graduate 
Degree 

Masters 
Degree 

PhD 
Degree 

Post- 
docs 

K-12 



http://www2.imec.be/content/user/Image/Press_releases/mobile_phone.jpg


Final Questions 



www.matecnetworks.org 

Review of Objectives 

• Objective 1:  Introduce nanotechnology and its 

current applications 
 

• Objective 2:  Overview nanoelectronics and 

complex nanomaterials 
 

• Objective 3:  Give a perspective on future directions 

and emerging trends 
 

• Objective 4:  Address issues  and implications for 

education and the workforce 
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Presenter Contact Info 

Celia I. Merzbacher  
 

Vice-President, Innovative Partnerships, 

Semiconductor Research Corporation 
 

Celia.Merzbacher@src.org 
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www.matecnetworks.org 

http://questionpro.com/t/ABkVkZOKBT 

Whether you are joining us live or watching  

the recorded version of this webinar,  

please take 1 minute to provide  

your feedback and suggestions.  

Webinar Survey 

www.matecnetworks.org 

http://questionpro.com/t/ABkVkZOKBT


www.matecnetworks.org www.matecnetworks.org 

Webinar Resources 

To access the recording, slides, and handout visit  

www.matecnetworks.org, 
  
 

Keyword Search:   

“Webinar Our Nano Future” 
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Upcoming Webinars  

November 16: Transitioning Adults Education Bridges 

November 30: Adult Education Career Pathways 

December 7:    Global Education & Technology 

Professional Growth at www.matecnetworks.org 
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If you attended the live version  

of this webinar and would like  

a certificate of participation, please email 

  

shannon.payne@domail.maricopa.edu 

Certificate of Participation 
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Thank You! 

Thank you for attending the 

MATEC NetWorks Webinar 
 

Our Nano Future: 

From Discovery to Innovation 


