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Semiconductor

Market Overview
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Semiconductors

* Industry makes semiconductor diodes and
stacks, including rectifiers, integrated
microcircuits, transistors, solar cells, and
light-sending and -emitting devices.

* Four main product categories: 1) memory
2) microprocessors 3) commodity integrated
circuit 4) complex SOS (system on a chip)

e Success = being smaller, faster, cheaper.
The more transistors, the faster it is.
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10 Largest Semiconductor
Companies (Jan. 2016)

1. Intel
2. Samsung Electronic Semiconductor Markets: 2015
3. SK H nIX iance an Auto QLhgr
y Cﬁﬂghmer Elegt. \4% S
4. Qualcomm 6%
Communication
5. Micron Technology HIPM
6. Texas Instruments
7. Toshiba
Computer Mfr.
8. Broadcom Ao
. . 19%
9. STMicroelectronics

10. Infineon Technologies
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Semiconductors

Trends + Market Analysis
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Trends

Traditionally: semiconductors companies controlled production
process.

Today:

= Production is delegated more to foundry companies,
specialized designers and chip testers.

= Chip production is collaborative.

= Concerns over ever-increasing R&D costs and cost of owning
a fab resulted in fabless-foundry model.

= Companies that both design and manufacture are called IDMs
(integrated device manufacturers).
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Trends

= |IDM model creating technology challenges designers and
manufacturers.

= Complexity requires researchers and manufacturers to be in
same physical location for real-time problem solving.

= [IDMs are opening up foundry operations to fab-less firms.

» Fab-less firms are buying existing foundries, instead of
building them.

= Existing foundries are building dedicated fab modules specific
to each customer.
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Importance of Water and Energy

Water is critical to manufacturing: Creating an integrated circuit on a 300 mm
wafer requires about 2,200 gallons of water, of which 1,500 gallons is ultra-
pure.

* |ndustry spends about $1 billion annually on water and wastewater.

= A fab may use 2-4 million gallons of ultra-pure water every day, equivalent
to water use of a city with 40,000-50,000 residents.

Water use intimately linked to energy use:

= For every dollar spent on utility-supplied water, $20 is spent on making it
ultra-pure, and $10 is spent to treat discharge.

= Most energy used is electric, though natural gas is also used.

Natural gas use:

= Gas-fired boilers make steam and hot water for process (heats multiple
wafers) and environmental control.

= Combined heat and power (CHP) and HVAC for facilities.
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Decision Making and Org Structure

Decision ma king is collaborative Vanguard semiconductor organizational chart
with multiple levels of approval.

Board of Directors
Chairman of the Board

Supervisors

= Field-level engineer may
recommend type of equipment,

which is reviewed by [ e [ s [ o] [maee o] [ 2]
engineering/ prOdUCtion' H .mglmg || H mon esourees | H waterpretction) 14 5 orperste QAW:
= Thenrecommendation sentto | o e | oo | H 2 | Hommmne]
planning and finance. s | M | (o | o | o
= Final approval by senior [remasn symen| H{ RESgR | 1 el |
management. H rrnce | L fimees |

Org structure built around product
function and market (function-
based groups)
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Semiconductor

Natural Gas Technologies
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Natural Gas Technologies

1. Boilers, steam, hot water

2. HVAC equipment

3. Combined Heat and Power (CHP)
4. Humidification
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Boilers, Steam, Hot Water

Hot water used for HVAC
heating and water supplies.

Ultra-pure steam used for
manufacturing.

= Oxidation and annealing

= Purity affects quality of oxide
layer or annealed surface e —

mmmmmm

Move to larger wafers, higher
throughputs increase water-
vapor flow requirements.
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HVAC

r

= Large office spaces and
general manufacturing areas

= Clean room application
requires high accuracy and
reliability; often a separate
dedicated environmental
control system

= Clean room HVAC = more air
supply, airflow patterns, high-
efficiency filters, room
pressurization

Gas-fired make-up air vents
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CHP

NOt Wldely acce ptEd C.nmhiged heat and power capacity by industry (2015)
gigawatts
Reduces overall energy .
i nte N S|ty primary metal
. petroleum and coal products
" Topping cycles: produces miscellaneous
food

power first, then heat

nonmetallic mineral

crop production

= Bottoming cycles: Produces

wood product

heat first, then power othe
eia 0 2 4
Recommendation: Consider CHP capacity by industry
using CHP to develop micro-
grids
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Humidification

High purity and very pure
water required

= DI/RO water (deionized,
reverse osmosis)

Water purity degrades upon
contact with atmosphere and
certain materials

Should be in closed system with DriSteem gas-steam humidifier
only chemically stable materials
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Semiconductors

Resources + Case Studies
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Resources

The following associations are recommended:

 Semiconductor Industry Association: semiconductors.org

* China Semiconductor Industry Association: csia.net.cn

* GSA: GSAglobal.org

* India Semiconductor Association: isaonline.org

* Microelectronics Packaging Test Engineering Council:
meptec.org

* Semi: semi.org

* Semisrael: semisrael.com

* Semiconportal: semiconportal.com
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Case Studies

e Commissioning to Meet Space Qualification
Criteria vs. Energy Consumption
Optimization Focused Commissioning

 Making Energy Intensive HVAC Processes
More Sustainable via Low Temperature
Heat Recovery

* Gas-to-steam Humidifier Saves 64% on A DriSteem GTS humidifier at Region
Utility Bills of Waterloo Water Testing
Laboratory

e Museum Maintains Proper Humidification
Levels, Uses On-site Gas with Gas-to-steam
Humidifier
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http://oaktrust.library.tamu.edu/bitstream/handle/1969.1/5052/ESL-IC-01-07-11.pdf?sequence=4&isAllowed=y
http://oaktrust.library.tamu.edu/bitstream/handle/1969.1/5052/ESL-IC-01-07-11.pdf?sequence=4&isAllowed=y
http://oaktrust.library.tamu.edu/bitstream/handle/1969.1/5052/ESL-IC-01-07-11.pdf?sequence=4&isAllowed=y
http://aceee.org/files/proceedings/2002/data/papers/SS02_Panel3_Paper25.pdf
http://aceee.org/files/proceedings/2002/data/papers/SS02_Panel3_Paper25.pdf
http://aceee.org/files/proceedings/2002/data/papers/SS02_Panel3_Paper25.pdf
http://www.dristeem.com/RenderPublicFile/3538
http://www.dristeem.com/RenderPublicFile/3538
http://www.dristeem.com/humidity-university/case-studies/case-study-the-glenn-h-curtiss-museum
http://www.dristeem.com/humidity-university/case-studies/case-study-the-glenn-h-curtiss-museum
http://www.dristeem.com/humidity-university/case-studies/case-study-the-glenn-h-curtiss-museum

Thank you ...
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