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1. Build partnerships in nanotechnology education among Research
Universities, 2-year Community and Technical Colleges, and 4-
year Colleges/Universities through:

0 Resource sharing (courses, programs, laboratory facilities,
staff)

o Creating education pathways through these institutions for
student development

2. Develop the means to enable a broad nanotechnology education in

synthesis, fabrication, characterization, and applications at 2-year
Community and Technical Colleges in every region of the US

3. Educate students for careers in a spectrum of industries by -
advocating a knowledge base which can be used in many types of
applications and companies

4. Insure that this broad nanotechnology education is one which
students can build upon throughout their professional careers @
g L
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Suite of SiNanotechnologyCourses ACK
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E SC 211
E SC 212
E SC 213
E SC 214
E SQ15

E SC 216

WWW.NANO4ME.ORG

Material, Safetyand Equipment Overviefer Nanotechnology

Basic Nanotechnologyrocesses

Materialsin Nanotechnology

Patterningfor Nanotechnology

MaterialsModificationfor Nanotechnology Applications
Characterization, Testingf Nanotechnology Structures and Material

TeachingdCleanroomHands
On Experience
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Pennsylvania’s Nanotechnology Innovator.
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Faculty Development: Educator Workshops

WWW.NANO4ME.ORG

Statistics
Attendees to Date

0939 Educators 3
¢80 States, DC, and Pue§

Live Monthly Webinars

Introduction to Nanofabrication: Top Down and Bottom Up

R . February 25, 2011

ICO El Nanotech Works - Alumni Success Stories
March 25, 2011

‘ Portal to NACK Resources B8 Wanotechmoloay inedicine

El Recruiting Under-Represented Minorities
May 26,2011

Nanotech Academies, High Schot
Curriculum Enhancement, and
downloadable Modules



http://www.nano4me.org/
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National Industry Advisory Board | ACK
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w AlcatetLucent; Boeing; CorninGyopticsDupont General Electridmerys
Johnsor& Johnson; Lockheed Martin; 3M; National Coalition for Advanced
Technology Centers; Northup GrummRBtextronicsPPG; Semiconductor
Research Corporation; Strategic Polymers; Stryker; and Tyco Electronics

Some Job Titles Held by Nanotechnolog§ear Degre&raduates

Biological Laboratory Laboratory Tech. Production Scientist
Tech.

Biofuels Tech. Lithography Tech. Quiality Control Tech.
Chemical Laboratory Materials Science Lab Research Assistant
Tech. Tech.

Cleanroom Tech. Medical Devices Tech. SEM Operator
Deposition Tech. Microfabrication Tech. SPM Operator
Device Tech. Nanobiotech Researcher Scientist Specialist
Equipment Maintenance  Nanoelectronics Expert Solid State Tech.
Tech.

Engineering Tech. Nanofabrication Tech. Test Tech.

Etch Tech. Nanotechnologist Thin Films Tech.

Failure Analysis Tech. Process Tech. Vacuum Tech.
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The Perfect Storm

3 Events that have effected RSL Initiatives

1) The Great Recession Sept. 20B&sent

Two recessions during a 10 year period 2Q0Q0.
Investment in Nanotechnology Community during and after
the Dot.com bust.

2) Venture Capital Investment in the Nanotechnology
Community

3) Lack of Liquidity EXxits
IPOs and M&A activity from 20ZD12
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Early Stage VC Investment

A Early Stage/C Investment and the Jear
annual return (from October 1, 2001 to
September 30, 2011$ 0.9% vs 3.3% for the
NASDAQ and 2.8% for the S&P 500. The
risk/return world turned upside down!
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National Nanotechnology Initiative

NNCO
NNI Workshop RSL 2012
May 1-3, 2012

NanoBusiness

COMMERCIALIZATION ASSOCIATION

Vincent Caprio, Executive Director

www.Nanobca.orq
www.Nanoevent.orq
www.VincentCaprio.org



http://www.nanobca.org/
http://www.nanoevent.org/
http://www.vincentcaprio.org/
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Historical Comparison

A For historical comparisorthe 25year early
stage VC return is 21% vs 8% for the NASDA(
and 9% for the S&P 500, which is a more
reasonable risk/return profile.



/5‘\‘.* N dl 0.gov

National Nanotechnology Initiative Nan()B'l_]_S ine SS

COMMERCIALIZATION ASSOCIATION

Venture Capital Investments

A Venture Capital commitments hit a peak of
$105 billion in 2000 with the number of VC
funds at 649. Last year, VC commitments wert
$18.2 billon with the number of funds at 169.
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2011 Nanotechnology Exits

(Harris and Harris)

A 1. Solazyme (IPQijtp://solazyme.com/

A 2. NeoPhotonics (IP@ijtp://www.neophotonics.com/

A 3. BioVex (acquired by Amgédri)p://www.biovex.com/

A 4. Innovalight (acquired by DuPont)
http://www?2.dupont.com/Photovoltaics/en _US/products _ser
vices/silicon_inks/silicon_inks.html

A 5. Crystal IS (acquired but not publicly disclosed)
http://www.crystal-is.com/



http://solazyme.com/
http://www.neophotonics.com/
http://www.biovex.com/
http://www2.dupont.com/Photovoltaics/en_US/products_services/silicon_inks/silicon_inks.html
http://www2.dupont.com/Photovoltaics/en_US/products_services/silicon_inks/silicon_inks.html
http://www.crystal-is.com/
http://www.crystal-is.com/
http://www.crystal-is.com/
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National Nanotechnology Initiative NanoBusiness

COMMERCIALIZATION ASSOCIATION

The Future of Exits

2012 and Beyond

Will we have 25 liquidity exits in the next 5
years?



Rl An economic force multiplie

More Than You Know

NanoElectronics |

Textiles
Vehicles

C
C
C

Energy

Amplitude - Scan forward

NanoBiotechnology |

Drug Delivery
Pharmaceuticals
Regenerative
Medicine

Q0 O

Kevin J. Conley 2012



ForsythTech

Zerod, oned, and twod

More Than You Know

Nanoparticle: Nanotube
Counting <50nm; Fabricatiom
and Mixing:

Thim-Film,
Spin-Coating

Kevin J. Conley 2012




Rl Barriers to development
More Than You Know

1. International!
Competitiom

2. EHS

3. American
Corporate &
Workforce:
Integnatiom

Kevin J. Conley 2012



SEMATECH

Accelerating the next technology revolution

SEMATECH Overview

Copyright ©2011
SEMATECH, Inc. SEMATECH, and the SEMATECH logo are registered servicemarks of SEMATECH, Inc. International SEMATECH Manufacturing Initiative, ISMI, Advanced Materials Research Center
and AMRC are senvicemarks of SEMATECH, Inc. All other servicemarks and trademarks are the property of their respective owners



Semiconductor industry — virtuous cycle_,)él\”mTECH

More R&D (innovation) Lower cost/function

$’s

Increasing Expanding
semiconductor applications
revenue (more silicon)




Moore’'s Law

SEMATECH

Minimum Device Feature Size Trends

100000 |
|
|

10000

1000

Minimum Feature Size (nm)

100

Gordon E. Moore, Co-founder, Intel Corporation.

Copyright ©2005 Intel Corporation

1 0 b




Key industry trends

SEMATECH

Semiconductor revenue
$B
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* Roadmap costs and challenges increase

Semiconductor R&D as a % of revenue
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Source: IC Insights



Growth markets

/ Smart Phones
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Semiconductor industry one of top

R&D spenders

Pharmaceuticals, Biotech,
& Life Sciences

Semiconductor Equipment

Semiconductors & —
4
Software & Services ‘
4

Healthcare Equipment
& Services

Technology Hardware
Equipment

Capital Goods

Consumer Durables
& Apparel

Materials

Telecommunication
Services

|
|
|
}
_‘

SEMATECH

18% of Sales in 2008

0

Source: IEEE Spectrum/Standard & Poor’s

| | | |

10 15 20 25
Average R&D Spend as % of Sales



Key industry trends

SEMATECH

Top 10 Semi Eqpt. Supplier Market Share
(Top 10 share of the total semi eqpt market)

1B Top 10 Market Share

* Semiconductor revenue growth rate declines

Source: VLSIresearch, 08/10

* Roadmap costs and challenges increase

Top 5 Semi Manufacturer CapEx Share

(Top 5 share of the total capex)

* Consolidation of suppliers and semiconductor
manufacturers continues

I Top 5 CapEx Share

Year
Source: VLSiresearch, 08/10 |




Semiconductor fab cost trend séemmc‘u?
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2010 semiconductor sales leaders

SEMATECH
Device Company Country of origin Revenue Market
(million share
$ USD)
1 IDM/logic Intel Corporation United States 40 13.2%
2 Memory/IDM/Foundry Samsung Electronics South Korea 28 9.3%
3 Memory/IDM Toshiba Semiconductors Japan 13 4.3%
4 Analog Texas Instruments United States 13 4.3%
5 IDM Renesas Electronics (1) Japan 12 3.9%
6 Memory Hynix South Korea il 3.5%
i IDM STMicroelectronics France/Italy 10 3.4%
8 Memory Micron Technology (2) United States 9 2.9%
9 Fabless Qualcomm United States 7 2.4%
10 Memory Elpida Memory Japan 7 2.3%
1 Fabless Broadcom United States 7 21%
12 Logic AMD United States 6 2.1%
13 Logic Infineon Technologies Germany 6 2.0%
14 Logic/Analog Sony Japan 5 1.8%
15 Logic Panasonic Corporation Japan 5 1.7%

Source : iSuppli Corporation



Worldwide IC market by region SL:EMATEC‘H)
(2004-2014)

" Americas [ Europe Japan [ Asia-Pacific
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Key industry trends

Growth of fabless segment ¥ )
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* Semiconductor revenue growth rate declines -
" 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
* Roadmap costs and challenges increase e G

* Consolidation of suppliers and semiconductor

manufacturers continues
) . " . + Consumers are driving mobility/low power and increased
* Evolving business models leading to further use of analog mixed signal, sensors and MEMs

industry segmentation and diverging
technology differentiation




Key industry trends

* Semiconductor revenue growth rate declines
* Roadmap costs and challenges increase

* Consolidation of suppliers and semiconductor
manufacturers continues

* Evolving business models leading to further
industry segmentation and diverging technology
differentiation

* Collaborations increasingly become accepted
as necessary approach within many segments
of the industry

SEMATECH

Collaboration content by industry segment .

1980 1990 2000 2010

Research - company to company

SRC(1982)  IMEC(1984) SEMATECH (1987)

Research — across industry consortia

Development

Crolles (1991 1BM Memory (1992) IBM Logic (1997)

Design enablement

CAD Framework Initiative (1988)
Fabless / Fablite - GSA

Equipment/materials - tooling
Cluster tools / T1 (1984)

[ SEMUSEMATECH (1988)

Equipment/materials — supplier to supplier

Manufacturing
S (2012 S — |
Assembly and packaging

|

ISMI (2002)




Key industry trends

SEMATECH

Trends Implications

+ Semiconductor revenue growth rate declines * R&D costs will continue to escalate

- Roadmap costs and challenges increase * Industry will consolidate further, leaving three to
four leading edge technology platforms and

increasing specialization of remaining industry
participants

* Consolidation of suppliers and semiconductor
manufacturers continues

* Evolving business models leading to further

industry segmentation and diverging technology
differentiation

* Leadership strategies extend beyond scaling

* Coordination and further innovation of collaborative

industry initiatives will need to be addressed
* Collaborations increasingly become accepted as

necessary approach within many segments of the
industry




Industry structure: ssmmcip

Systems
Design
Packaging and assembly
Chip technology
EDA tools

Equipment and materials




Industry structure: and now sﬁemmec‘g)

Fabless/
Fablite

Packaging
and
Assembly

Foundries

EDA
Equipment
Materials




Today’s reality for systems companies SQ‘?EMATKH

Systems

* Custom * Custom * Sensors
* SoCs * SoCs * Displays
* Asics * Asics * Passives
* FPGAs * FPGAs

Fabless/ Packaging
Foundries Fablite/ and Components
IP Provider Assembly

Equipment/Materials/EDA Suppliers



Industry challenges: key stakeholders sgjsmmcu

AMS, MEMs 3D Factory
& Sensors Interconnect Productivity

Scaling

Systems

Design
Enablement

Fabless/Fablite

Equip/Materials
Manufacturers

Integ. Device
Manufacturers

Mature Fabs

Foundries

Packaging

B Technology roadmap participant



Too many challenges to solve alone s%smmcu

 Success in semiconductors is driven by technology
Innovation and advances in manufacturing

Success depends on comprehensive industry-wide
collaboration

— Challenges are global, and cut across industry ecosystem
— Solutions require significant investment, leveraged funding

© SIA E oosanth Sttt Lﬁ@ 5 semil

Sele t@ g‘(f/“ ¢c Ihd £ ITRI ‘@




SEMATECH;

Manufacturing and technology challenges
and new collaborative strategies




Major manufacturing technology

SEMATECH
Lithography
IDM led Consortia initiated IDM & supplier with | IDM led Supplier leadership
and IDM led consortium support +EUV/EMI consortium
across supply chain
Interconnect
IDM led IDM led and collaboration across | Collaborative innovation across
consortia entire supply chain
Wafer Size

One company Consortium of chipmakers and Consortium of chipmakers and
collaboration with other consortia | enhanced supplier role

Devices

Consortia initiated IDM led Collaboration across consortia (FEP | IDM led and
and |IDM led Research Center) and IDM led collaborative innovation




Lithography scaling

SEMATECH
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EUV progress: critical enablers

SEMATECH
ks e EUV is real EUV Mask
installed in Alban :
| & Bellgium * BACUS, EUV Consortium
. Symposium (EMI)

. I I
2003 2004 2005 2006 2007 2008 2009 2010

Defect -free mask e
— reduction reqired for
HVM
Source power >100W @ IF
required
Resist resolution

LWR needs 2 3X

0 nm resolution brick wall B | i(rg}grff;ve“rnneeng fO)r MPU
r Memory

Reticle protection

- Commercial reticle
7 ' available in 2010

Optics quality '

PPT optics being
assembled; 3300 optics
in development

I | |




EUV Mask Infrastructure program sﬁmcu

Metrology equipment suppliers

l EUV Actinic AIMS
blank pattern defect
inspection @ inspection review

Mask blank suppliers
— EMI program
Mask manufacturers ($’s, resources, management)
Connects multiple segments of the
: EUV supply chain in a partnership to
Foundries/IDMs collectively fund the development
of needed metrology tools by

equipment suppliers

Fabless/fablite design




3D interconnect: an industry

SEMATECH

* Non-scaling alternative to improve system performance and cost
« Enables heterogeneous integration for emerging system-on-chip applications
« Diversity of approaches:

— Via last technology requires wafer — wafer bonding

— Via mid technology permits die — wafer bonding

s10mm-
Source: Intel Source: Qualcomm Source: Nokia
Driver: Performance, power Driver: Power efficient performance,
Technology: F2F Cu-Cu, Via last functionality

Technology: Via mid



Major industry challenges in 3D sﬁmmec‘@)

 Immature tool infrastructure and materials

— Numerous technology options and process flows
— Several key tools have low productivity

— Cost-effective solutions required for high-volume manufacturing

« Gaps in the supply chain
— Partitioning of new processes within the supply chain
— Standards to permit chips from multiple suppliers to work together

« Lack of convergence on infrastructure and standards
delays industry success

— Need common materials and equipment path to serve a broad
industry base




3D supply chain alignment

SEMATECH

Requirements l T Chipsets Requirements
Roadmaps Chips Roadmaps
Specifications Specifications
Ecosystem needs
Chipset/Fabless e ——————
P Standards
Infrastructure

Requirements RS Robust tOOling

R t Roadmaps e
i Chips  Specifiations / ﬂ Inter - operability
Specifications

/cn.ps - Cost models

Requirements
Roadmaps
Specifications

Materials

Supply chain
co-ordination

Requirements

Requirements Soodmape
Roadmaps Tools e SEMATECH
Specifications Materials worksho ps at

: . 2010 SEMICON
EDA/Test Suppliers West and Taiwan



3D ecosystem development - 2010 SL:EMATEC‘H)

« SEMATECH Workshops on Stress Management For 3D ICs
— Three sessions in 2010

« SEMI/'SEMATECH 3D Interconnect Challenges & Standards \Workshop
— July 13, 2010 (SEMICON West, San Francisco, CA)

« SEMATECH Workshop on 3D Interconnect Metrology
— July 14, 2010 (SEMICON West, San Francisco, CA)

Ecosystem needs

Standards
» SIA (Technical Steering Committee) Infrastructure
— July 15, 2010 (San Jose, CA) kickoff Robust tooling
— October 7, 2010 DARPA (Wash. DC) workshop Inter-operability
« 3D Executive Forum Cost models
— September 8, 2010 (Taipei) Supply chain
» Joint SEMI/SEMATECH IC Technology Forum co-ordination

— September 9, 2010 (SEMICON Taiwan, Taipei) H

* Heterogeneous stacking of wide IO DRAM on logic is a key application
« 3D is only way to support bandwidths >12.8 GB/s
» 2013 is benchmark year for volume production






