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Sustainability definition

• Sustainable development is the kind of 
development that meets the needs of the 
present without compromising the ability of 
future generations to meet their own needs

https://en.wikisource.org/wiki/Brundtland_Report

https://en.wikisource.org/wiki/Brundtland_Report


Topics

• Key challenges and approaches to ensure 
sustainable fabrication in semiconductor 
processing industry

• We will focus on resource conservation, 
environmental impact and touch upon 
concepts such as Life Cycle Analysis (LCA), 
Green Fab, Emerging Nanomaterials and so 
forth



Topics cont.

• Sustainable fab operations
– Electricity, water consumption, recycling/reuse

• Environmental Impact
– Direct and Indirect GHG emissions, 

exhaust/scrubbing, contamination, including 
emerging nanomaterials

• Sustainable resource supply
– Raw materials including wafers, metals, and 

gasses



Roadmap (IRDS 2017 & 2020)



ITTS Roadmap view (2013 to be 
updated)



Sustainable nano-manufactuiring

http://dx.doi.org/10.1016/j.coche.2012.03.004

http://dx.doi.org/10.1016/j.coche.2012.03.004


Example Sustainability Priorities

• European leader in microelectronics, downloaded, May 2021

http://www.st.com/content/st_com/en/about/st_approach_to_sustainability/sustainability-priorities.html


Example Sustainability Priorities

• World leader in microelectronics, downloaded, May 2021

http://www.intel.com/content/www/us/en/environment/eco-responsible-operations.html


Fab comparisons progression (legacy data)

http://www.tsmc.com/english/csr/green_manufacturing.htm

http://www.tsmc.com/english/csr/green_manufacturing.htm


Water usage reduction (legacy data)



Power usage breakdown



Per Wafer Resources Breakdown

• Similar figures apply as wafer size scales to
300 and 450 mm



Resource needs cleanroom

Category Module or process

Energy for infrastructure cooling water supply, 
recirculating air, and make-up 
air

Energy for processes thin films and dry etch in 
future EUV litho

Chemicals patterning/photoresist & 
wafer cleaning/wet benches

Emissions (VOC, GHG) thin film and 
patterning/photoresist



Microchip fabrication LCA AMS 2015



Footprint vs. product type

http://www.st.com/web/en/about_st/mems_footprint.html?sc=mems-footprint

http://www.st.com/web/en/about_st/mems_footprint.html?sc=mems-footprint
http://www.st.com/web/en/about_st/mems_footprint.html?sc=mems-footprint


Supply Chain

• Semiconductor industry relies on supply of
metal from conflict regions in central Africa

• Tantalum, Tin, Tungsten, Gold, also known as 
3TG or 3T’s and Gold

ST Sust. Report, p28, 2011
http://www.intel.com/content/dam/doc/policy/policy-conflict-minerals.pdf



Supply Chain 3TG



Supply Chain Rare Earth Metals
Table 2. It is predicted that the growth in 
world population, along with the 
emergence of new technologies will 
result in some key-metals being used up 
quite rapidly, e.g.
Antimony, 15 - 20 years.
Gallium, 5 years.
Hafnium, 10 years.
Indium, 5 - 10 years.
Platinum, 15 years.
Silver, 15 - 20 years.
Tantalum, 20 - 30 years.
Uranium, 30 - 40 years.
Zinc, 20 - 30 years.

http://www.rsc.org/images/Endangered%20Elements%20-
%20Critical%20Thinking_tcm18-196054.pdf

http://www.rsc.org/images/Endangered%20Elements%20-%20Critical%20Thinking_tcm18-196054.pdf


Green Chemistry
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