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Karen Savala is president of SEMI Americas. Savala assumes responsibility
for the association’s Americas programs, including events, products and
services. She is responsible for relationships with SEMI members as well as
industry, government and academia in the region.

Savala joined SEMI in 1984 and has served in numerous managerial and
executive roles, including positions in International Standards, executive
programs, publishing, and outreach and membership. She established the
“Voice of the Customer” program which helped drive product and service
improvements to improve SEMI member satisfaction.

Savala earned a business management and communications degree from
San Jose State University in San Jose, California.
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The SEMI Chemicals and Gases Manufacturers Group’s
first webinar offering on precious metals, minerals and
the Materials supply chain will help you:

* get up to speed on material issues that are critical
to electronics manufacturing

* give you what you need to know about emerging
markets, new materials, the changing supply chain
and new business models.
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Lita Shon-Roy
Sr. Managing Partner
Techcet Group, LLC.

Lita Shon-Roy’s experience in the electronics industry spans from marketing and
sales of semiconductor chips, equipment and specialty process materials to process
engineering of TFT displays. She has worked for companies up and down the
materials supply chain. Lita holds a Masters degree in electrical engineering from
USC, a Bachelor’s degree in chemical engineering from UC San Diego and is
working toward completion of her MBA.
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Electronics Materials Information

By Techcet CA, LLC.
L. Shon -Roy
Sr. Partner




This presentation represents the
interpretation and analysis of information
generally available to the public or released
by responsible agencies or individuals. Data
was obtained from sources considered
reliable. However, accuracy or completeness
IS not guaranteed.

Lshonroy@techcet.com
12/13/2011 Copyright Techcet CA, LLC 2016




Outline

1 Overview of Rare Earths, Metals, Minerals o)
What and Why? (Techcet)

1 Market Dynamics Changing given problems
with Rare Earth/Metals availabllity (Techcet)

1 Materials at most risk and associated market
sizes (USGS)

1 Geopolitical Situation (USGS)

B Those at most risk
B Supply chain security
B Depletion



Market Dynamics

Other Markets :

Demanding Same Market Drl\{ers/ Needs/

Materials Opportunity (SAM &
TAM)

Competitive factors Materials
- competitors and Growth /
alt. technology Profitability
Raw Material
Distribution Proqlluct_llm Supply,
Channels Availability




Rare Earth Elements 0 China Puts Materials on

Allocation
All raw REE have export quotas

Asi an Countries ORequire

Significant Market Capture of Materials Business by
Locals (and Seeming Local)

Cost of OEarth, Wi nddg an
REE, Metals, and Minerals will continue to be
constrained given increased cost of energy

and depletion of existing mines.
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Three Types of Business Threats

1. Unprocessed rare earths, metals and
minerals controlled or at risk of being
limited by China

2. Unprocessed metals/minerals that are
limited or at risk because of only few
mines in existence.

3. The processing of ore being limited or at
risk because of few processing sites in
existence.

iﬁ LT Lshonroy@techcet.com
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The Rare Earth
El ement s
precious metals
and minerals

Critically important
to tech world:
communication,
transportation, &
energy.

For many applications
there are no
alternatives

1 China - Major Producer
( 6 RGhiESWpplies about 90% of

REEsS.

AChi nads | inema as
Demand

A2011 35% Decrease in Export
of REEs

1+ Alternative Producers

ALower Abundance: Much
Exploration, Little Mining

AComplex Isolation Chemistry

Copyright 2011 Techcet CA, LLC. 12/13/2011 11



;;;;;

Ni

RURN

Pd|

Os| Ir

Pt |

SmIEU

Uun

M

@z China controlling/limiting supply
)= Another country controlling/limiting supply

Copyright 2011 Techcet CA,, LLC.

Gd|ThDy|Ho|Er TmYb|L

o|Lr



Materials at Highest Risk

Semiconductor Material Application
Ceria Chemical Mechanical Polishing (CMP)
Tantalum Sputter Targets for 90nm and beyond
Tungsten WF6 for interconnect
Phosphorrock Wet clean: phosphoric acid
Fluorspar Wet clean: HF
Titanium SputterTargets
Molybdenum Photomasksnd disk drive heads
Cobalt Gate and capping layers
Antimony Doping
Germane Strain¢gate
Platinumgroup metals |[Bonding/packagin@nd specialty applications
Copper Hectroplatingmetal
Ruthenium Interconnectmaterial
Hi purity Quartz angilica |Quartzequipment parts

Displays/TFTs Material Application
Indium* ITO for transparent conductive oxide
Molybdenum Interconnectmetal
* also used for PV
applications

Copyright 2011 Techcet CA, LLC. 12/14/2011
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Fluorspar Prices Escalating

Production 2010

Mongolia
8%

export /availability driving
prices up

Acid Grade Fluorspar Pricing
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Tantalum Supply and Demand

Ta Supply 2000 2010 comments

Australia 1.3 0.8 1- mining Op.
3-companies
Africa 0.79 2.1 Humanitarian
ISSUes
Brazil 0.42 1.8
A Jay Roberge (Equitas China. 0.37 0.33
Re);ourgce(sq) Ot her e irs—ps yeo 0.27
n Canada 0.17 0.25
commodity in a greater supply Others 0.05 0.2
shortfall than tan@EHURG 5 0.5
A Ta ore has escalated in price Stockpiles  0.65 0.4
from $45 -47/lb in 2008 to $120 -
$130/Ib in 2011 Total Supply  5.25 6.65
AN Demand 5.2 6.95
e [ www.techcet.com Shortfall 0.05 _0.30
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Do Po Do To To To Io Io I

High K & Metal ALD/CVD Precursors
Interconnect Materials Beyond 65nm
Solar Cell Process Materials

Solar Cell Equipment Consumables
Polysilicon Market and Supply Chain
Ceramics

lon Implant Sources

Liquid Dopants

Low Temperature Dielectric  Precursors

To Po To To Do Do Do Do D

* =

CMP Consumables
Gases

Graphite

Masks and Reticles

Photoresists and Photoresist
Ancillaries

Quartz

Silicon Carbide
Sputter Targets
Wet Chemicals
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Keith Long

Mineral Resource Analyst

Western Mineral and Environmental
Resources Science Center

U.S. Geological Survey

Keith Long earned a PhD in Mineral Economics from the University of Arizona
in 1988 and is currently a Senior Mineral Resource Analyst for the U.S.
Geological Survey in Tucson, Arizona. His current research is on strategic
and critical minerals, especially the Energy Critical Minerals (ECEs) required
for alternative energy technologies.
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science for a changing world

Future Supplies of Critical
Elements

Geologic, technical, and political-economic
constraints

By Keith R. Long, Mineral Resource Analysts
Western Mineral and Environmental Resource Science Center
Tucson, AZ

klong@usgs.gov



I When production is concentrated in a few
countries, supply risk is greater

I Use twaecountry Concentration Ratio; percent of
world production represented by the two largest
producing countries

I Use risk of default on sovereign debt as a proxy fo
political risk¢ range from O (low) to 7 (high) risk



_-m Production metrict | Valuebillion USD

Antimony 135,000

Cobalt 50 1.4 88,000 4.1
Copper 44 2.4 16,200,000 120
Fluorspar 72 2.4 5,400,000 0.6
Germanium 58 0.9 120 0.1
Indium 68 1.2 574 0.3
Molybdenum 57 1.6 234,000 3.7
Phosphate 48 2.3 176,000,000 9.0
Rare Earths 99 2.0 134,000 0.9
Ruthenium 79 1.5 32 0.2
Tantalum 75 2.0 670 0.05
Titanium Metal 46 1.5 132,000 1.5
Tungsten 81 2.3 61,000 1.2
Quartz 0.0 NA NA

ZUSGS
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Rare Earth Elements

A What are the rare earths?

A How did China take over world production
from the United States?

A What are the prospects for new REE mines
outside of China?

A What has been the effect of Chinese export
restrictions?
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REO Production Trends
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Operating REE Mines




REE Mine Development Projects
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