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The TexasNanotechnology Advantage

Texas is a major national and global nanotechnolges; plailding on its leadership in the energy,
semiconductors, medicadmmunications, defense, compued aerospace industries. The Lone Star State
is considered a global leader in nanotechnology R&D; is top ranked nationally for nanctetiiadlogy
activities including research, venture capital, and commercialization; and has laid claim as the birthplace of
nanotechnologyt-actors includingiorld-class universities and research instituddnghly trained
workforce stronggovernment and priteabusiness suppoatfirstrate transportation and logistics
infrastructure, a nationally and NAFTA centralized locatidrg togranking business climate contribute to

the statebs | eadership in nanotechno
Contents
|_
@
O NANOTECHNOLOGY OVERVIEW 1
o
GLOBAL NANOTECHNOLOGY MARKETPLACE 2
L
x U.SNANOTECHNOLOGY MARKETPLACE 4
. TEXASNANOTECHNOLOGY MARKETPLACE 6
o TEXASNANOTECHNOLOGY MARKETPLACESTATISTICS 7
|_
0 TEXASNANOTECHNOLOGY EDUCATION, RESEARCH AND PATENT INFORMATION 10
= TEXASNANOTECHNOLOGY INDUSTRYAREAS 13
a)
= NANOELECTRONICS 13
- NANOHEALTH 17
SLECTED RECENT TEXASNANOTECHNOLOGY ACTIVITIES 18
APPENDICES 22
NANOTECHNOLOGY RESOURCES 23

ENDNOTES 24




N ANOTECHNOLOGY OVERVIEW

materiad at themic scaleo M noé means dwefersto thenncredibly smkll siaen d
scale of nanostructures, which are tyyibatween approximaté€lyt and 100 nanomesefnm) in
size Onenanometer is one billionth of a meter. One inch contains 25,400,000 get.a sense of the
nanccaleconsider the followinchart

N anotechnologys the science of very small thingsiavnolvesthe understanding arehgineeringf

Structure |  Averagewidth |
Atoms dto.2nm
Nanogructures .1t0 100 nm
DNA Strands 2 nm
Red Blood E€lls 7,000 nm
Human Hairs 80,000 nm
Tat ad MiniNa| 3,100,000,000 nm
Hatchback Car 3.1m

Materialscreatedcat the nanoscale are smallest thatan be built. Nanomagrials displaynique jysical
and chemical properti®ssuch as great strengthflexibilityd and function in unusuahd valuablevays
allowingthem to be used imevolutionarynanners

Nanotechnology isotan industry it is an enabling, interdisciplinary, paradhijfing technologwpplied

across many industri@bich can combinfelds such as physics, chemistry, biotogyputer science, and
manufacturing The ndustries impacted by nanotechnology include pharmaceuticals, medical equipment,
biotechnology, aerospaeamd aviation,defense,automotive, computers, semiconductors, information
technology, communications, and enef@ye to its wide scopandimportance nanotechnology has the
potential to createnandustriatevolution that will havemajor impact or21st centurysociety and everyday

life similarto information technolo@ys i imthea2® tentury

Nanotechology was first discussed conceptually in Westentific circles by tHateNobel Laureat and

physicist Richard Feynman in the late 19506se t er m Onanotechnol ogyé was
University Profesor Norio Taniguchi in 19%&hd therin 1986w;asunknowingly appropriated by teited

States Y.S) engineer Dr. Eric Drexler, who popularized the term staddardized its defiwiti
Miniaturization tools and other technological advances allowing the manipulatioer aft rtratt atomic
levelwere deveped in the early 1980s. This tedhe discoverpf the first natural nanomateriads
fullereneso in 1985 followed by discove of carbon nanotubes 1991 Nanoemanufacturingd or

molecular manufacturidalso began in the 1980s.

Since the beginning of tllecade, nanotechnology has evolved &@mall number afpplied usewith

few real working applicatiots increasirly widespread adoption across multiple industiibgre are
numerous products featuring nanoscale matasialsvailablgincludingsomebased on technology that has
been used for centuries, such as nanoparticles used to color glass or credteegaotechnology and
electronics industries have begarticularly successful incommercializingthe recent advances in
nanotechnology. Current biotechnology applications include -deligery systems, biopharmaceuticals,
dressings for burns and wounds] aanoscale medical devic€urrent &ctronic applications include
computer hard drives, noolatile magnetic memory, automotive sensors, landmine detadtstdiestate



compasses Other nanotechnologypplicationsinclude sunscreens, cosmetnt, ink,car catalytic
convertersgcar bumperglass coatingsater filtration systenemdbatteries

Nanotechnologys not distinctly classifiets an industry or in any other fashiothe North American
Industry Classification System (NAICSYXurrently there is only one industry codssignedto

nanotechnol ogy in the | at est 2007 NAI' CS manual ,
experiment al devel opment | abor at.o Other aanotechoologyh e f o |
aplications, notably nanoelectronics, arend6t addr e
| NAICS 541711 Research and Development in Biotechnology

GLOBAL NANOTECHNOLOGY MARKETPLACE

Nanotechnologhas created global manufacturingvolutionthat crossesultipleindustriesandthe race

to fully harness its potentialwell underway. Although manyambitiousworld-changingnanotechnology
applications are still in developmergrketplaces associated with nanotechnologies are already worth billions
with an estimated-8 new nanaich products released each week in the U.S. dlberevalue oflobal
manufactured goods incorporating nanotechnalagy$146.4 billion in 2007 grdjected tayrow to $3.1

trillion by 2015according to the marketing firm Lux Reseafh recently ag005 the U.S. government
estimated that it would take tflebalnanotechnology manufacturing marketplace approximately 15 years to
exceed $1 trillion.The following chart shows the estimated value of nanotechewdddgd products
companies sold afidly by country/region totalin§146.4 billion. The U.S. maintains its lead with $59
billion, while Europeis close behind with $47 billion.

200V/ALUE OF GLOBAL NANOTECHNOLOGY GOODS SOLD
ToOTAL: $146.BILLION (B)

Rest of
World
Asia Pacific $9.4B

US. $59 B
$31 B

Europe
$47B

Souce: Lux Research



Because of snuhirodusrgpbtentalthergiy sirongglobalinterestspanninggovernments,
corporations, enture capitalists, amdademic researchdfsom 1997 to 2005, approximately $18 billion

were invested globally nanotechnology by national and local governmeoatsrding to the U.S.
government The most recent global figures from the U.S. governmérg chart belowhow the U.S.

leading the world in governmémhded nanotechnology research spending th2ZQ@Hh A number of

countries, including China, Japan, and several European countries, have made nanotechnology leadership a
national priority. Even developingountries in areas like Africa, South America, and Malaysia have
established governmdahded mnotechnology programs and research centers.

Estimated Worldwide GovernmentNanotechnologyR&D Investments: 1997 2005

(In Millions)
Region 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
United States $116 | $190 | $225 | $270 | $465 | $697 | $362 | $989 | $1,081
Japan $120 | $135 | $157 | $245 | $465 | $7D | $800 [ $900 [ $950
EU $126 | $151 | $179 | $200 | $225 | $400 | $650 | $950 | $1,050
Others $70 $83 $96 | $110 [ $380 | $550 | $800 | $900 | $1,000
World WideTotals | $432 | $559 | $687 | $825 | $1535| $2350( $3100| $3,700| $4,100

SourceTheNatimalNanotechnology Initiative at FipeMedrahttp:/www.nano.gov/FINAL_PCAST_NANO_REPORT.pdf

According to marketing firm Lux Resea$d8.5 billion was investeddtalglobal mnotech R&D in 2007,

up from $12.4 billion for 2006The firm estimates thagovernmespending on nanotechnology R&D
increased to $6.4 billion in 2006, a 10 percent increase from $5.9 billion linu2005.Res ear c hd s
breakout figures were for 2Q0®l indicate thahé U.S., Japan, and Germgoyernmentsvere among the

top global nanotechnology R&D spenders, with the U.S. governmesmtkieg at 78 billion, or 27.8

percent Japands government spent $ 9government Ispent §563 or
million, or 8.8 percent. However, using purchasing power parity (PPP), which factors in the relative cost of
l'iving and inflation rates of countries instead
equivalent of % million. Corporatiosgent $6.6 billion on nanotechnology R&D worldwide in 2007, up
from Lux Researchds 2006 eshtei nfediestéredssiut figuies fldm 2006 | i o n
U.S. corporations were tognked at $1.93 billion, falled by Japan at $1.7 billion at PPP. Lux Research
estimated that Chinads corporations spent $165 mil

Electronics and healthcare are two major indugtdaeling the commercialization of nanotechnology
Acoording to Lux Research, in 2007 there were $35 billion worth of electronics and $15 billion worth of
healthcare goods incorporating nanotechnology produmddwide Healthcards beingdriven by
pharmaceutical namapgications, while electronics Hawmader nan@pplications such as batteries and

di spl ays. Lux Research also references what it <c
nanomaterials like carbon nanotubes used in coatings and composites for products lilesaatdmo

paint. In 2007 his sector wathe largegfiobal segmemind valued at $97 bitio


http://www.nano.gov/FINAL_PCAST_NANO_REPORT.pdf

The U.S. also leads the world riother important indicator arehe number of nanotechnolegptated
patents.The following chartbased on U.S. Patemid Trade Office analysiows nanotechnolcggiated
patents published on the same investiothree or more countries by country of assignee between the years
1985 and 2005.

N ANOTECHNOLOGY -RELATED PATENTS BY COUNTRY OF ASSIGNEE, 19852005
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Souce:The National Nanotechnology Initiative: Second Pigseedifeposted at
http://www.ostp.gov/galleries/PCAST/PCAST_NNAP_NNI_Assessment_2008.pdf

U.S. NANOTECHNOLOGY MARKETPLACE

The United States (U.S.) is the world leader in nanotechnology \dtlyasemarketplace and thest

resources in plac&he U.Sis alsooutspending the rest of the world in nanotechnoleitly AsiaPacific
countriesclose behind According to marketing firm Lux Research, in 2007 the U.S. sold $59 billion in
nanoteckrelated goodsepresenting v e r 40 percent of the gl obal ma r
breakout figures indicate that the ddvernmeantinuedo lead the world in global public nanotechnology

R&D investments with $1.78 billion or 27.8 peraghile U.S.corporation®re topranked for global
nanotechnology R&D spending at $1.93 billldrs. private industry has decisively leapt aheadldfSthe
government in nanotechnology R&D. It is estimatedmbat Fortune 500 companies are investing in
nanotechnology R&@xsaremanyother U.S. companies, both large and small.

In order to keep stglobal leadhe U.S. government raised nanoscaacgcand technology tdeaeral
initiative level launching the National Mnotechnology Initiative (NNIjn 2000 Focused on
nanotechnologyhé NNI is a federal R&D program which coordinates a nationwidegauitdy effortin
2003, the importance aoordinatedfederal nanotechnology R&D whsther recognized with the
enactment of the 21Century Nanotechnology Research and Developmentviiich authorized $3.7
billion in spending over four yeardt is estimated thdJ).S. lederalg o v e r n imvestmierd s$n
nanotechnology R&D has increased from #iillion in fiscal yedFY) 1997 to a request 0f.$27 billion
in FY 2009 The following chart shows details on NNI funding by agency over nine fiscal years.


http://www.ostp.gov/galleries/PCAST/PCAST_NNAP_NNI_Assessment_2008.pdf

NNI FUNDING BY AGENCY IN MILITIONS

FY FY FY FY FY FY FY FY FY

2001 | X002 | 003 | 2004 | 2005 ( l00s | 2007 2008 2009
Agency Actual | Actual | Actual |Actuwal | Actual | Actual | Actual | Estimate | Bequest
DoD 125 224 2201 291 352 4241 450 487 431
NSF 150 204 221 256 335 360 338 389 357
DOE 38 89 134 202 208 231 236 251 31
WIH (DHHS) 40 59 78 106 165 1821 213 226 226
NIST (DOC) 33 77 64 T7 79 78 85 89 110
WASA 2 35 i6 47 43 30 20 1 19
EFA 5 & 5 5 7 5 8 a 15
Other Azencies 3 2 5 9 13 19 21 13
TOTAL® 464 597 780 989 1,200 351 1425 1,491 327

Souce:Nanotechnology: A Policy, postesat http://fas.org/sgp/crs/misc/RL34511.pdf

Asthe USf eder al

nanotechnol

ogy

R&D

coor di olas$ R&D, t he

programjfoster the transfer of new technologies into products for commercial and public benefit; develop
and sustain educational resources, a skilled workforce, and the supporting infrastructure and tools to advance
technology; and support responsible developsheanotechnology. The NNI currently includes 25 federal
agencies, of which 13 have budgets dedicated to nanotechnologyfti®&D.S. Patent and Trademark

Office is one of the federal agencies that joined NNI in recent years, underscoring the imaportance
commercialization activitiesost of the funding is going to five agencies, dsNhdunding charabove

shows. Academic and research instituitosgatesacross the country, including Texasalsengaged in

the NNI efforts. The following ca r t

significanhumberof them

shows t

he

nat.i

onaods N NI | ocati on
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http://fas.org/sgp/crs/misc/RL34511.pdf
http://www.nano.gov/NNI_08Budget.pdf

Because there are sqecifiandustry codes for nanotechnology, a snapshbSaianotechnology
marketplackreakoutsincluding the number of companies, jobs, and ywages availableom anyfederal
statistics gatherimgenciesThe followingJ.S. governmemrhartprovides a snapshot thie proposedY
2009 NNI funding by Program Component Arednich ighe closedb industry breakouts the government
currently provides fi

FY 2009NNI FUNDING BY PROGRAM COMPONEN T AREA IN MILLIONS

6-Major Research Facilities
and Instrument
Acquisition, $161.3

8-Education and Societal
7-EHS, $76.4 Issues, $40.7

1-Fundamental Nanoscale
Phenomena, $550.8

5-Nanomanufacturing,
$62.1

4-Instrumentation,
Research, Metrology, and
Standards, $81.5

3-Nanoscale Devices and

Systems, $327.0 2-Nanomaterials, $227.2

SourceThe National Nanotechnology Initiative: Second Pigsesdi2epiostedt
http://www.ostp.gov/galleries? CAST/PCAST_NNAP_NNI_Assessment_2008.pdf
*EHS = Education, Health, & Safety

TEXASNANOTECHNOLOGY MARKETPLACE

Texasis a majornational and globalanotechnology playébuilding on its leadership in thaergy,
semiconductorsnedicalcommunicatios, defense, computand aerospa@edustries.TheLone Star State
is considered a global leadenanotechnology R&Ds top ranked nationally for nanotechnoledgted
activities including researelenture capitahnd commercializatiorand has ldiclaim as the birthplace of
nanotechnology Factors includingvorld-class universities and resedrwiitutions a highly trained
workforce, strong government and private business supporfirstrate transportation and logistics
infrastructure, a natially and NAFTA centralized locatiangd atop-rankingbusiness climat®ntributeto

t he st ashipironanotechroldgy r

Texas has committed substantial resources to support nanotechiwld§g7, the Texas Legislature

created the ongoing Noan Hackerman Advanced Research Program (formerly the Advanced Research
Program or ARP) and Advanced Technology Program (ATP) to award grants to fund scientific and
engineering projects at Texas higher education institutions. In 2001, the Texa lapgistpiated $800

million for science, engineering, research, and commercialization activities, including $385 million for research
infrastructure. In 2002, the Texas Technology Initiative (TTI) was formed to promote state technological
innovations andlevelopment through an alliance of elected officials, business leaders, educators, and
entrepreneurs. The TTI lotgrm economic development strategy targets many advanced technologies,
includingthose that areanotechnologselated


http://www.ostp.gov/galleries/PCAST/PCAST_NNAP_NNI_Assessment_2008.pdf

In 2003, Gov. Rk Perry and the Texas Legislature passed legislation authorizing the $295 million Texas
Enterprise Fucnldo s(iTnEgFd) ,f uan do dceraelat ed t o attract busi
was renewed in 2005 with an additional $180 million, arméleeved again in 2007 with an estimated $200

million. As of July 31, 200%1.118 million from the TEF have been awardedn@notechnologselated
projects.The following chart details how these projects will create over 9,000 jobs

NANOTECHNOLOGY -RELATED TEF AWARDS
(ARRANGED BY COMPANY/E NTITY THEN DATE)

Company/ City Jobs Project Description Funding
Entity

Authentix Addison 120 Nanoscale authentication technologies $1,000,000
HelioVolt Austin 158 New development & manufacturing facility $1,00,000
Maxim Integrated [San Antoni 500 New wafer fab with submicron production $1,500,000
Products (announced Dec. 2003)
Scott & White Temple | 1,485 Health care research $7,500,000
Memorial Hospital
Texas Instruments |Richardsol 1,000 Tl chip fab & University of Texas at Dallas $50,000,000
(TI) engineering facilities and recruitment
Samsung Austin 900 New Dynamic Random Access Memory (DRA|  $10,800,000
chip fab
SEMATECH Austin 4,000 | Launched the Advanced Materials Research C|  $40,000,000
TOTALS 9,163 $118 Million

SourceTexas Office of the GovEconomic Development & Tourism Division

In October 2004, GowickPerry announced a state industry cluster initiative to stimulatrioiggowth
and economidevelopment in six key areadl of the Texas industry clusté#erospace and Defense,
Advanced Technologies and ManufactuBimgechnology and Life Sciendesprmation and Computer
Technology, Petroleum Refining and Chemical Products, and &rangiain nanotechnologselaed
elements.

In June 2005, GoRickPer ryds announced the $200 million Texeée
promote and finance technological innovatisnsh as nanotechnologgros multiple industries The
ETF was renewed in 2007 with appatfons of approximately $180 millioks of SeptembeR008, the
ETF has awarded4$.305million for nanotechnologgelated projectsFor detailoon the ETF awardsee
Table 1 in the Appendicesn November2007,Gov. Rick Perry appointed 29 public apdvate sector
|l eaders to the Governords CompetitivenessandCounci |
opportunities arising from the follmp research on the six targeted industry cluatets make

recommendations to address them. Th@@ou | 8 s r e cwerstonepletd ia Auigustr2@08. v

TEXASNANOTECHNOLOGY MARKETPLACE STATISTICS

Texasclaims it is the birthplace of nanotechnolbgged on thgroundbreakingwork conducted by
HoustonbaseRice Universitandby the lateNobel LaureatdRice Professdricharde. Smalley Texas is
top-rankingstatein the nanotechnologgnarketplacéor the number ofts nanoteckrelded companies and
universities and its sizable nanctetdted venture capitahd workforce Because therareno specific
industry codes for nanotechnology, a snapshot of Texas nanotechnology ,binefikdints the number of



companies, jobs, and wagesot available from state or federal statistics gathering agéheéds. the
hightech nature of narenabled technology and manufacturirggt manotechnologgompanies are or
nearmajor metropolitan areagth the majorityocatedn Houston Austin Dallasand San Antonio.

According to information published by the U.S. government, betweean#i9®806, Texas ranked third
nationally for the number of new nanotechneb@gped firms and was tied for foysthcefor the number
of new nanotechnolodpased firms with venture capitalchart with details follows.

NEwW U.S.NANOTECHNOLOGY -BASED FIRMS AND VENTURE CAPITAL |NVESTMENT
BY STATE, 19952006

SourceThe National Nanotechnology Initiative: Second Pigsesdihgposted at
http://www.ostp.ga/galleries/PCAST/PCAST_NNAP_NNI_Assessment 2008.pdf




