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Let not what you do define what you are.
Rather, let what you want to become

define what you do.

- John Hurt [NSF, 1997 CEBSM Review]

Opening Thought



Early Perceptions

of ESH Technology

- ~1995



A Crisis and a Challenge

Water

May 16, 1994



An Epiphany

Win-Win Resource Management

Spring 1995



Convergence #1

NSF-SRC Partnership

December 1, 1995

SRCNSFMOU



Convergence #2

Launched a Joint ERC on Environmentally 
Benign Semiconductor Manufacturing

[CEBSM]

High Performance and Sustainable
Materials and Processes

1996

Semiconductor
Technology

Environment, 
Safety and 

Health

High 
Performance & 

Sustainable



NSF Semiconductor Research Corporation Engineering 
Research Center for Environmentally Benign 

Semiconductor Manufacturing Founding Leadership Team

Prof. Farhang 
Shadman,UAzTucson

Prof. Robert Helms, 
Stanford University

Prof. Rafael Reif, 
MIT



SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

University-Industry Collaborative Research

on the ESH Aspects of SC Manufacturing

Other University members

ÅArizona State U 

ÅUCLA 

ÅU Colorado

ÅColumbia

ÅCornell

ÅGeorgia Inst. of Tech. 

ÅJohns Hopkins 

ÅU Maryland  

ÅU Massachusetts 

ÅU  North Carolina

ÅNorth Carolina A&T 

ÅPurdue

ÅU Texas - Dallas

ÅTufts

ÅU Utah 

ÅU Washington  

ÅU Wisconsin  

22 years of 

Experience

Founding Universities (1996)

ü U Arizona

ü U California ïBerkeley

ü MIT

ü Stanford
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SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

ERC Mission and Vision for ESH

ESH Impact

Performance

Obstacles

Upper Level
Constraint

Upper Level
Constraint

Sustainability Triangle

Cost

1.  Research to develop science and 

technology leading to 

simultaneous performance 

improvement, cost reduction, 

and ESH gain

2. Incorporating ESH principles in 

engineering and science 

education

3. Promoting Design for 

Environment and Sustainability 

as a Technology Driver and not 

a burden 
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Convergence #3

A New Culture of Stewardship

1997

Business 
School

CEBSM
Performance, 
Sustainability

& Cost
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ITRS* Crises

New Semiconductor Nanomaterials

Potential Toxicity and Hazards
Competitive Barriers
e.g., PFOS in Photoresists 

2001



Convergence #4

Semiconductor, ESH, Business
And Risk Assessment Communities,

e.g., Carbon Nanotubes

2006

Biologists and 
Toxicologists

CEBSM

Performance, 
Sustainability, 

Risk Assessment
& Cost



SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

New ERC Thrust and Projects on 

Assessment of Toxicity of New Materials

ü A major shift in the focus of the new ERC projects (2nd decade of the 

program, after the end of NSF funding). 

ü Emphasis on: a) new metrology methods, and b) data analysis and 

overall ESH assessment.

ü New PIs with new expertise,  including Toxicology, Environmental 

Science, and theoretical anf predictive methods for modeling and 

analysis of large /complex data sets.

ü The early PIs in this collaborative effort included: Alex Tropsha, 

Rocky Draper, Paul Westerhoff, Reyes Sierra, Jim Field, Scott 

Boitano.

ü Currently the major focus area of the program (fully funded by 

industry)
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Convergent Applications to Benefit Society

More-than-Moore,
e.g., Cell-based Toxicity Assays

2011

More-than-
Moore

CEBSM
Expanded

Scope



The CEBSM Legacy Continues

1996 -
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What 
if?

herr@src.org

Thank You

Χ ǘƘŜ ǎƳŀƭƭŜǎǘ ǎǳǎǘŀƛƴŀōƭŜ SemiSynBiofactory? 

Ultra-micro-bacteria (~200 nm)

Extracted from a glacial ice core sample, 
120,000 years old   Miteva (2005)

http://www.animationlibrary.com/animation/30424/Benson_burner/


SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

SRC/NSF Engineering Research Center for

Environmentally Benign Semiconductor Manufacturing

Multidisciplinary Research 

on 

Environmental Aspects 

of 

Semiconductor Manufacturing
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SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

University-Industry Collaborative Research

on the ESH Aspects of SC Manufacturing

Other University members

ÅArizona State U 

ÅUCLA 

ÅU Colorado

ÅColumbia

ÅCornell

ÅGeorgia Inst. of Tech. 

ÅJohns Hopkins 

ÅU Maryland  

ÅU Massachusetts 

ÅU  North Carolina

ÅNorth Carolina A&T 

ÅPurdue

ÅU Texas - Dallas

ÅTufts

ÅU Utah 

ÅU Washington  

ÅU Wisconsin  

22 years of 

Experience

Founding Universities (1996)

ü U Arizona

ü U California ïBerkeley

ü MIT

ü Stanford
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SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

ERC Mission and Vision for ESH

ESH Impact

Performance

Obstacles

Upper Level
Constraint

Upper Level
Constraint

Sustainability Triangle

Cost

1.  Research to develop science and 

technology leading to 

simultaneous performance 

improvement, cost reduction, 

and ESH gain

2. Incorporating ESH principles in 

engineering and science 

education

3. Promoting Design for 

Environment and Sustainability 

as a Technology Driver and not 

a burden 
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SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

Examples of Research Results 

Greener Chemistries for Patterning: 

Deposition, Lithography, Etching, 

and Chamber Cleaning
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SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

1996      1997      1998      1999      2000      2001      2002      2003

Focus on identifying

potential alternative

chemistries 

(1996)

PECVD chamber

clean experiments

(NF3 and C4F8O)

(1996 ï1998)

Drop-in dielectric 

etch replacements

(hydrofluorocarbons)

(1996 ï1998)

More exotic

dielectric etch

replacements

(iodofluorocarbons)

(1997 ï1999)

Decouple C and F

(NF3/hydrocarbon)

(1999 ï2001)

Unsaturated molecules 

for dielectric etch

(UFC)

(1999 ï2002)
Future generation 

processes

(Deep-submicron 

low-k & ultra low-k)

(2001 ï2003)

Silicon Oxide Etch

Low-k Etch 
Post-CVD Chamber Clean

Several novel chemistries, developed by ERC were adopted and used by industry 

Early ERC Projects on PFC Alternatives
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MIT-Stanford-

UC Berkeley 

teams



SRC Engineering Research Center for Environmentally Benign Semiconductor Manufacturing

Sugar based 

ñSweetò PAG

Natural molecules 

based

Biocompatible/

Biodegradable PAG

Hydrophilic
Hydrophobic

Aromatic
Aliphatic

Polar
Nonpolar

Linear
branch 
ring

1st & 2nd

Generation 3rd Generation 

Environmentally Friendly PAGs

PFOS-Free alternatives
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