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Trend Analysis and Nanotechnology
Roadmap Study)’

M3 NANOTEC TRM lidnndunt
FoyarieAnsuuiltiuuilumaluladvedlanain
TEUMSANEE9e A The Global Technology
Revolution 2020 (RAND Corporation), The 8"
Science and Technology Foresight Survey
(NISTEP Japan), Analysis of Japan’s Nano-
technology Competitiveness (D. Kanama & A.
Kondo), Current Situation and Industrialization
of Taiwan Nanotechnology (Hsin-Ning Su,
Pei-Chun Lee, Min-Hua Tsai, Kuo-Ming Chien),
The Nanoroadmap Project (Elvio Mantovani &
Andrea Porcari), Nanotechnology and Developing
World (Fabio Salamanca-Buentello), Strategy
for Nanotechnology-related Environment, Health
and Safety Research (National Nanotechnology
Initiative), Nanotechnology: An Overview Based
on Indicators and Statistic (Christopher Palmberg,
Helene Dernis and Claire Miguet) ﬂNJ’f&ﬂﬂﬁLﬂiﬁ:ﬁ
Foyanavmidefinaidoundodszanu 10 I Tu
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FENUNIANETBY Nanotechnology:
An Overview based on Indicators and Statistic
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NFENUNTANEIED9 Nanotechnology
and Developing World Tae Fabio Salamanca-
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Platform) walulaggiuntaviednssiuuilu (Nano-
Encapsulation Platform) walulagigiunsdainszi
Tasea$rouluideenidu  (Functional Nano-
structure Platform) uaglusunsumalulagoug Midhs
Imams%ﬁaﬂmﬂ@éwuaﬂnWiquﬁmao fil. (Director
Initiatives) F9lum3dasin NANOTEC TRM aeil
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(Platform Technology) winfu
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37U (Platform Technology) Apimaluladiifiug
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1. ngulusunsnddamsiafaussivunly
(Nano-Coating) fan1stnansdfiauiiaduain
malfaumadnauiaulumns  uaz/misnsld
wadan1siafaus WU N uRITaIHA RN uTiH
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wa1nvay (Multifunctional) iieifiunsifisyae
Twiuwandud
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(Nano-Encapsulation) A9N159BULATWAILIENT
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nsufinAuAiTesansiigniniiuuazaiann
AN ItanysaumuIavianuniaiinang
fisaensle

" Panel review ream
2 ﬁmmﬁﬂmzﬁﬁmu‘lé\’ﬁwummnmiﬂi:’qu AENINIUTA
71 NANOTEC TRM nunaIaN 2551 fNEvnAN 2552
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3. ﬂa;uIﬂiLLﬂiNfﬁﬂﬂ’ﬁﬁdLﬂi’]:ﬁ (Func-
tional Nanostructure) fin waluladlun1saanuiuy
4 6 L = a v L
faaed daudas valszhuglaseaisluszdu
wilwans ueinlFTaailandfniasmenisnin
nIatafiaaieitunltenu

a

nelfufas Platform Technology #
nszuuMI/matladuiunin  wazdanudndu
dosldyaansfiidsrmafiaslumaiamaniv
Lﬁﬂﬂ%ﬂ@@mﬁnum: (Attribute) TiTi9UI AL
az Platform Technology Foiun139aiin NANOTEC
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wn3aviialuusas Platform Technology

3.4 AweiaauMWinANEIN1TaTRY AU

3.4.1 AARsIEHNMaIAU (Manpower Analysis)

A v Ao

Tull a.f. 2009 Ay, S35y 28 AuuARY
Neaeindde 27 au (aagdit 3.1) Iminddeme
snuunlumaluladvesdsemalngdszanas 350 Ay
waz A, MounuIzLiinyAansIdelud A, 2012
1¥#8119u590 130 AU (1 PhD Researchers 60
) uazlull a.a. 2014 azfinlifiyaainsidesan
200 au (4 PhD Researchers 90 Au)

a v o

nnMsidinidedtuutiosuazaulva

=

duwinddegulnd - Sefienudemgawizain
Wialiinanudenlesesining au. Jasiooaie
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WNIVDY AU, 19 28 ALY WRzAUILE

C’:::?‘ Nane Functional
g Encapsulation Nanostructure Oters

l.-nuhrqu . f 1 [

ANNFINNTO UM TN ITdhemaiiaisivianrany
warianudsimuananiu FeindTuudazau
avfemaudsngluinsdineiaiBunnh 1 weila
wacluwdazinaiaffinddefideizauinnit 1

AU i Sinddy 23 au AxwnsamITedieis
Dip-Coating uwaziiindde 5 au fasnsanmeia
73875 Synthesis of conjugated material ANNEINIIN
vo0iinIdeves mu. AfogilmnsiiaslHlunsiaun

o aa

JUN 3.1 : Iunuinddeuenamausas

Fannuaansnvasmalulaindniidiosenduang

Platform Technology

wazanudmalunaisanznin @wgui 3.2)

Functional

Nano-Coating Nanostructure

Nano-Encapsulation

PhD staff = 28 Researchers
(each has more than one capability)

" SU7 3.2 : Swwindselu Au. M9 28 Au AFwnsalinalindaesneg Tuusas Platform Technology

34.2 Jszia3aviie (Equipment Analysis)
ﬂm:ﬁwaﬂulﬁﬁnﬂsﬁLﬁmzﬁﬂmuw%ﬁmmaﬁmm%"mﬁaLLa:qﬂnini&m%’umuiﬁ’ﬂﬁgo 3 Platform
Technology Wuthﬂnmiua::m%ﬁmﬁaﬁﬂﬁuﬂgumi’ﬁﬂLLazﬁmuwm AW, AUt nwSaNavTu
- maddunanuweilazosusas  Platform  Technology  fitiisvimnailads  Printing ﬁT%’[unsjuﬁﬁ’ﬂ

‘ ) Nanoi oating Platform winlufifizngunsniuaziaineiiounbuivieaziduanuguil 33 (a-c)
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No. of Equipment

Techniques

" needed
Bysed

Uil 33 (a-c) : IwmaIasiia/gunsaiftlilunmeinideusas Core Technology

3.4.3 31A51EN Attributes Analysis

N13N1TUIANNTNAUSIEHINInAila
fvminzan Aezmliiinaudnsue  (Attribute)
LARLDE T,ﬂﬂﬂm:ﬂﬂmuLﬂupﬁiamwﬁagamn
Wn3p2e9 Au. Tun1sdssifiussiuanuduius 3o
Aasaundtudazimaidamunsanlunisinldiiae
Attribute e Laifiesla Tasuviodiu 3 ey
seufl 3 ueedn wedadug wsnzanlunisin
TifinAttribute 3nfig &uszdvil 2 uax 1 &
AN ENTREAIMNAINY 1B UnIvengy
TUsuns33d8 Nano-Coating THanuiuimaila
’AJ%;..Splrgel wnzaNTRINIAARENTR Anti-microbial
anfign (Mgl 3.4 a)

ﬂZ\J:NIUiLLﬂSN’Eﬁ‘fEJ Nano-Encapsulation
Taaiudn mailads liposome snzandign
ke 3 nIzuaums (uglil 35 b) uaznga
Tusunsuide Functional Nanostructure T#anaifiu
J1maila  Nanostructure characterization and
performance test WAa: Synthesis of Nano
Catalysis or functional molecules mmmuﬁqﬂ

AUUFUNASN Y (ANFUA 3.6)

ngalsunss3s Nano-Coating

3U# 34 (a-b) : UszidiuAT impact/value Ta9UARE
Attribute '(uusiazmﬁﬁﬁ%‘ﬁ'mmna;a Nano-Coating

ngulysunsu3se Nano-Encapsulation

Encapsulation ~==Bpray drying
(@) 2
=&-Electrospraying
s Elaclen pinning
Super eritical fluid
Tt e =
Encapsulation -
(b) 3 Ligosome

Hissome
—HNane Crystall Suspension

High pressurs homoganization!
Micro- fluidization

Target & release “Control & Release

IWURALINNLANSIDUIA:WTJLNUNTUINATUTAE

=B-Nano Emulsion

Encapsulation
g +

“inclusion complex

~=lonic complexation

Solid lipid nanoparticle

Target & release = Control & Relvase

3U# 35 (a-c) : Yszuiua impact/value Fasusiay
Attribute '(‘ul,wiazmﬂﬁﬂ"iﬁﬁlmnéNNano-Encapsulation

nzg'&lfilmn‘isd"ﬁ'y Functional Nanostructure

Electrical
3 | -~

“u Chemical

Oplical
=#=-Disign of faneticnnl molscules or

nanosiuclunes

« Syrihesis of Nano Catalysts of

functicnal molecules:

A+ Fabrication process for

Mechanical:pl nanostnuctures
ezo, adhesive =#=sNanastucture characineization and

perionmance tesl

JUM 3.6 : UsziliuAn impact/value Ba9UsaT Attribute
°[uLWiﬂ::mﬁﬁﬂ‘3‘ﬁ'°ﬂﬁaﬂéu Functional Nanostructure

wsnanilanusineudoldfnenssesiiai
inidpaainazaansaimumailaneg LHse
quanusathluwauInszuIunsNaanS o319
wARfuTSuaN B Aufifiosnns awgy
i 37 (a-c) WU WnFRINTHAaNTR  Anti-
microbial laaldinafla3d Chemical Vapour

Depositon Aaddadidiiais 4 U wsinnld

wailaddyae Self-assemble mmiw:‘lﬁnajl,ﬁm
2 .
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(a) Coating

Anti-microbial

>
>
Anti-UvV 3
>
7
p]
2
2
>
Self cleaning 3
D
>
>
Water resistance Sol-gel 2
' >
Superhydrophilic
>
Thermal insulator S
S
>
>
Handability
Flavor/Odor release [ Pﬂntu >>
Deodorization —Sﬂiﬂ 2
>
Chemical Vapour Deposition >
Scratch resistance Therma.sp:
cal Vapour Depost b
1 >
Pollutant Sol-gel 3
decomposition [__Dip-coating 5
>
Chr?'n%pour Deposition >
i i L-gel
Antistatic e . S |
e o T Timaton S
Chemical va tion b4
i S
Anti- . em ut{ apour Deposition 2 S
electromagnetic D
Printi P
barrier property | . N

2010 2011

2012

2013

(b) Encapsulation

Encapsulation

Control & Release

Target & Release

IWURALINNLANSIDUIA:WTJLNUNTUINATUTAE

Nano Crystal/

?oiia Eigiii nanoparticle Bt

Liposome
lonic :omplmmn

Inclusfon complex
Supercritical flui

gh pressure Zation/Micro- on
Liposome

Polymeric Mi

LYV

Solid lipid nanoparticle

2010 2011 2012 2013

(c) Functional Nano-structure

Design of functional
molecule or
nanostructures

Synthesis of Nano
Catalyst or function
molecule

Fabrication process
for nanostructures

Nanostructure
Characterization and
performance test

[ Quantum calculation

Synthesis of hydrogen and biodesel-producing catalysts
Synthesis of photoactive nanomaterial

Core shell & immobilized nanoparticle
Synthesis and fabrication of sensing
nanomaterial
Synthesis of conjugated material >

| Fabrication of sensing nanomaterial, system integration
| Thin Fabrication. Device integration

\ Morphology & physical properties characterization
Morphology & ph | properties characterization
[Ootical and electrochemical sensing properties>

[ Photo conversion efficiency

Quantum calculation =

Separation
ability

2010 2011 2012 2013

3UM 37 (a-c) : i:,'ﬂ.,na'\ﬁ'iwwmuqmmﬁmw wmmsam‘lﬂ'ﬂwLwawmmns.,mumiuam

wsaai'\awamnmmwunmanmmmummms
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Wedananyinailaisudasldnmwaglsreznailflunsiauiiinszviunsmailazes

Core Technology Tuusaz Platform Technology mu;zﬂﬁ 3.8 (a-c)

(a) Technology Time-frame: Nano-Coating

Nanocoating by,
nano technigue,
Smart Materials

Conventional coating
technology

Photocatalysis coating technology

Core technology

(b) Technology Time-frame: Nano-Encapsulation

Encapsulation/
Incorporation and

Control and release technology

Target and release technology

Core technology

(c) Technology Time-frame: Functional Nanostructure

Conducti

ional molecules and

Hydroger

Low-cost
Solar Cell

¥ Dna Anal

Core technology

2010 2013

> Researchion Nanosatety.
release technology | Z

W [Enocarriersystens
S thatideliverdrigses
genestotargetes] s

Macromolecules
New Technology for
Fuel Cells

» producing catalyst

>, Large Scale

ve

1 & Biodiesel-

High-efficiency

NEH

JUfi 3.8 (a-c) : AMuANWUSTENI19 Core Technology fiuszaziaaiililumswann

Pa9usias Platform Technology

<

(NANOTEC TRM) U w.n. 2553-2556

41 mseanuUUBAURNINNsITLasRRIUN
wlumnalulag (Designing NANOTEC TRM)

WUIAATUNITFARILEUATING  15NAN
M3a39lATIRFFAULLY (Template) (EuLRERiU
FwgUiauRazNesaziBuauazsed nan
AD  LBNAUIINNIAMUALATITIIFULLLFILEAY
mugUii4.1Gelasssedunundasgnifmunsoluau
Wuwwufitmensidsuasimuuilumealulad

U 4.1 : TaseaS9funUDLRUNLENY

TAs9a%suuULTBILHUTTMNImAlLLRE
(TRM Template) fevfusznauifiudsudu Taedu
‘uuqmu‘flun'ﬁﬁ’mumn:n'lﬁé’ﬂLLa:ﬁ’ﬁum (R&D
Agenda) #varRarsanuuuysannisluzdoes
nﬂiﬂﬁuﬂguIﬂHTﬁLWﬂIuIaﬁﬂé’ﬂ (core technology)
109 Ay, Samaluladvndnmaniuazgninantilu
msfinsansaniviiadodug duRessianuinen

fiaea$sliAnty (Core Knowledge Tools) i
azifluiugnilunsaimealulaiigiu (Platform
Technology) Lm:ﬁ"’umaqﬂﬁam%’wmniﬁ%ﬂLﬂuTu
MmUY (Resources) Usenausiegunial
LLa:Lﬂ%‘mﬁaﬁaﬂ’uﬂqumﬁﬁﬂ Jwissan LAy

o

masau Beldun Wnideuaszeinide

4.2 MN3zNTIBuasimun (R&D Agenda)

ndayan1sdasisiuualduniive
uasmunduunlumealuladaadan aaunwaee
AU, LAYIIRNIUTDLEUB UL LUINIINIIITEAIUY
wlumalulad anauausIiaAINFBINITTD
YspinamdoRau® sk maRasandmang
figFdonIn (WIGs) 289 &ws.* finsuauss
AeadaLAasNIITeuasiaute 9 ngaldun
1) MIUWNEUASTIBITUFY 2) DINTUASNNIINEAT
3) BNUBUALATNITTURY 4) WRIUNAUNY 5) Fv
windan 6) sawiiuag, lulasdy uazdidansatiag
7) e 8) suunuaziforlons 9) nawaun
walulafig

viilsluavAlsenoufiamuznauldiasuiie
AVUAITEMIITLLAZWNUITDY NANOTEC TRM
il AedayaanTBIUMIANTINANNFBINTINRI T

'8 F Salamanca-Buentello (2005) Nanotechnology and
the developing world. PLoS Medicine. 2(4):0300-3030.
' spavidan WIGs ag"lumﬂwmn (n.4)
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Weduulunalulagdmdungudszimanng
Wowu BouaasnaudlunsimuaNs e luil

1. WANIENU (Impact) visnefa mM3dszynd
Uiwawdn (Output) AN WAITBAiREUTE
Tumsﬂ%’uﬂ@a gy T nsinEag NN
Wi uasduandenlulssimnaings
Wanunaeiedla

2. M3t (Burden) nanefiy Hlamisadau 4y
sipemsmaluladzelunisunle

3. ANNIANNZEN (Appropriateness) MN8N
AMaEINIsalun1sTantmaluladdusg
Anutviuzaamalulad  AuEINIT0lu
msuUsuasumaluladlimans fudssmna
AAIWAIUT  LRZIANILENNUENNRIAN
\Tugha JausTIuLazAnion

4. anaduldle (Feasibility) nanedie inalulad
ﬁ’uq lFSunmswanuazneunInely
nspuIRiAuaviTall

5. 489719N19AN5  (Knowledge Gap)
vanefe malulafitiug aszieiinnnauaw
o hemasyesiauiivaiviell otls

6. Ustlupicldisunedion (ndirect Benefits)
vanefle  waluladhiug  azdaasnliie
MINALIAANNEINTaLRE AR LART Y
Taddunadouanniedanlunisimun
Uszinaneinals

nnmsinandeyasanaiieundodu

amzinuidesUinnsemsidouasiaunds

dewfvnraaudounselumaluladyzes .
mssznandan 8 e Tdud

1. 92UUN19tNEYeN (Drug Delivery System)

2. NSTUAUMSHAALAZIALSN®1819S (Food
Processing & Storage)

3. mstiati (Water Treatment & Reme-

' diation)

4. NM3AAINLAZATITIedEl5A  (Disease
Screening, Diagnosis & Health Monitoring)

5. NIwAR UUTFU waTMTNUREENNENIUY
(Energy Production, Conversion &
Storage)

6. miLﬁuwawﬁmmsmumua:m%wmni
559NA (Agricultural, Natural Resources
Productivity Enhancement)

7. mim'm’%’uLtazmuquLLua\‘)LLazW’mz’ﬂm
Tsa (Vector & Pest Detection/Control)

8. Amd (Textile)

4.3 waluladividan (Core Technology) LazadA
ANINAN (Core Knowledge Tools) 129
v

Coating

31J°7.| 4.2 : Core Technology waz Core Knowledge Tools

walulafivdn (Core Technology) 789
Au. a5 ianmAllaizu (Platform Technology)
289 Au. Aflagidn uazdexlpadniunszniside
s WAHTALR NN

@

Tun159ain NANOTEC TRM #fluundn
mM3adedaanuainisazeamalulagnan Iy
mﬁan@uﬁ%ﬁﬁa;ﬁﬁu 3 NaNAD NENITBNILAREY
sesuunly (Nano-Coating Platform) ngNIvY
msﬁaﬁm:ﬁuuﬂu (Nano-Encapsulation Platform)
wazngaITamMIRseTsilassaeuluiBileridu

v
Ao Ao

(Functional Nanostructure Platform) ﬁg\‘]uumﬁ)ﬂ
Tumnalulagnanusaznguazdniumaddald dov
anduwmaluladndniuansieiudmivudazngs
(gt 4.2) doil

o nfddunaAdsusriuuly Auilun1ive
Toelfmalulaginisiadouiiaa¥oauia
@NIE (Functional Coating Technology)
waznaluladnisiafevlaslduae
(Photocatalysis Coating Technology)

o nguidunsviernszAuIIlY fiflumaide
Tosa3rvdamnuainnsanednumnalulad
Tu 3 dhu liun maviediauasUasddenas
(Encapsulation/Incorporation & Release
Technology) NIAILANNIUAALNDEETS
(Control & Release Technology) uwag
msvanvsppanslufadvany (Target &
Release Technology)

° mﬁu%ﬁﬂmiﬁoLﬂiw:ﬂmaa%wu{[u@a
Wordiu 3,}0Lﬁumﬁé’ﬂnuﬁugmmsaanLmu
Tutanauaclaseaoszduunluiifiansd
@W1e (Design of Functional Molecules
& Nanostructures) N1TEILATIZHAILTY
Ufiseszduunlunsalaseasieseivuilu
(Synthesis of Nano Catalysts or
Functional Nanostructures) LLRENTEUIU
msa¥ulaseadesedivunlu (Fabrication

Process for Nanostructures)

B9AANIVAN (Core Knowledge Tools)
Usenaudie 4 Sadldud  1)n19u5n159ANIS
AMNURBAABLREANLA Y (Safety & Risk
Management) 2) miLLﬂmﬂmﬁ'nHm:LLa:
N1INAEAL (Characterization/Testing) 3) N385
LULANRIMIEARNAILADS (Computer Modeling/
Simulation) 4) viapdieyaininged (Intelligence
Information Unit) ﬁu’aﬁmﬁmmiﬂﬁmﬂuﬁaﬁ f.
Jufudoedniiunisatvsaiilaaaiiuiniasile
Tunsadromalulaindnits 3 ngulinsema

IWURALINNLANSIDUIA:WTJLNUNTUINATUTAE

Wananefigesns lasfinalnlunisa¥eainad
WA U n1sEs AN daduviieeiunig
uan MIIaeemisuIulvsia L Wusiu

4.4 MWIANLAUREININITITBLAz WAL Y
walulad (Integrated NANOTEC TRM)

Integrated NANOTEC TRM a3l 4.3
WEAIAINFNWUSTEnI1anSweansfisduluy
M3AiUNT  (Resource) BIAAININAN
(Core Knowledge Tools) waluladndn (Core
Technology) LazNTeNMIITUUALAAUT  (R&D
Agenda)

R&D
Agenda

Integrated NANOTEC TRM

Ul 4.3 : Integrated NANOTEC TRM

Tushutiazifunisfiensanisensdve
wasiRwazSes lasiarsaunimaluladvdn
TafhsasaansanauauadfaNTe I ITB LA AR
Sadla wisliussaionstinlldseloniléase

.

\
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. = v ' A o o ao o
AN 4.1 ﬂ'J']NﬁNWUﬁ?tW'J'NLﬂﬂIuIﬂﬂﬂ@ﬂﬂU'J'ﬁ:ﬁﬂ'ﬁ'J?ﬂLL@ZWWN']

)

_&

_‘\,.‘:‘

ANNLEaNlENT09TE NIV LR RN
t4 o o Ao o N
M 8 fumaluladndnuanauinsensITy el

2152MSIBUASWAILIN 1 : STUVUIE9RT (Drug
Delivery System)

MNszITuilaiunsimunimelulad
il#lunrsmvauuaz/miadmuaiimangly
nmstanddpseuazayulnaniotadudmivlan
fidnday Tasawnzagsbedmiilsafniagiilsi
Tsﬂﬁmﬁaqﬁﬁ%\ uazNzise lagkuMIeanUULLAY
a5 wulunavza laluls us3iues (Dendrimers)
uazusimanuludinm (Nano-Bio Magnets) Xk
Tﬁmmsnmuqumiﬂamﬂﬁiaﬂmsaanqw‘ﬁg\lﬁmu
Weulriidaen1s wazsinfestuulandasseiuay
i’ﬂ’ﬁuﬁzg\n{l’mmﬂ (Targeted Release of Drugs

av ada o

and Vaccines) Tmﬂn@:mﬁmmuwmmmn&m%’u

oA

a v A’ﬂ [ = @
'mzmi'mﬂuﬂanamaﬂmsmaam:muuﬂu LR

q
o 1

ngad ﬂmswaﬁmzﬁuuﬂu (mugﬂﬁ 4.4)

lIwURLNNNLBANSIoUIaUWTCULNUNTUINATUTEE

Drug delivery system

RED
Agenda

Technology

U 4.4 : MIzmsRNBLAsTAILITaIsT UGN

M5ENFIFBUAZWRILIN 2 : NTSUIUNTHANLAL
WNUSNEI9YNS (Food Processing & Storage)

[
A 03

MIrnIFedNaiu 2 duvdn  dw

9
6

MIa¥wuITTuTTE MU N TagBeiar
N
nuluwalulad Wiy wanafnvies

amananisgquiluaeslndn (Nan
waznIEINBUIBe SR MSUATRTULER!

WouluTngAvuasnandudionm naNTBNd

o A\ A3

N
oo
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ood processing & storage

Food processing & storage

R&D
Agenda

JUR 4.5 : MszaTITEUATTAILN

1329NTTUUNSHAALRSLAUS NS

2M5eNFBUAZARILIN 3 : nstdau (Water

Treatment & Remediation)

Humswaunnaluladifouns (Membrane)
wazn19LseUisesleuay  (Photocatalysis)
fwsumsnilwusgniuacmsinninds oy
madszan@liunluiasiysy (Nanomembrane) T
nszuaumM I lrsgninassindaa i
drumaluladuluduseSasiiunumluninsiadv
audisunaziderslin uazoymausindnualy
szgninlylgdmiunissitndiuazisajisen
mmﬂmﬂmwmiﬁﬂuﬁﬁ (Catalytic Conversion

oA

of Water Pollutant) 7Hnga3dunsiaRaUIEAL

q
€

wilu uazngnddomasoianziunludeiioidu ez

v
=1

fiunumvaniunszmsdded (mugun 4.6)

| Water treatment & remediation

R&D
Agenda

Core
Technology

B

’J’ﬁzn’ﬁ"i’:)'ﬂl,l,a:ﬁﬁuu’]ﬁ 4 : MSARMINLASATIY
jiladplsn (Disease Screening, Diagnosis &

Health Monitoring)

'mzmﬁa‘fﬂﬁﬂiamquﬁomiﬁmmuﬂu
walulafdgmsumsnseitadonziSanly Were
Tsngiiflnd sswdngis uaslansmin Mot
Mm99y lund nsiannluanauluifiueuiued
Hudrudsznauifion1sitadelsanzouazlsnfin
o mawmnnuiluiumesimsunTedudanslse
LLazm’m"fﬂamwﬂ’nLLa:maJi'mﬁmgﬁ'ﬁ ﬁona;u
FFun1sdaiaszriunludeileiduas funumiu
sgwanniunmaiaumalilad dumsaiiveyma
WlUEMIUNIRT19T0ET e uraenuila (In Situ
Monitoring) \iu ﬁwmangim‘[mammmaa s
fiavanduwmaluladnisuantassansiufadinune
'?5\1nz\juf‘ﬁwé’né’im%’ums:ms%é’mﬁﬁaﬂa;uﬁé’ﬂ
mavierusziuululumaiammalulad (@agy
i 47)

Disease scree

agnosis & Health Mon

R&D
Agenda

Technology

aa o

3UM 47 : NIEMIRBUASHRNMAnMaRTI IR

M5EANSIFBUASARILIN 5: N5as1e ﬂ’]iLL‘lJig‘iJ
-3 s -
LAZNISINUNEENNWRIITU  (Energy Production,

Conversion & Storage)

52NN SRR N RSN UNALNL

ao

Froulumalulad fatan1sivelunsen1sise
& @ ' o a A a a a
1 lgun nMawmuaduasaiadndansdunss
~ a & & P a o o
nIpwadlNaIduaIuYIEnay Fadun1sIvevian

209ngNITNITAAsLITAVUIlY  Jaungnidy

madaaszinludeiaiduasdiumumlunswmun
fuseitentmigmsululofmauazlalasiau 5
i mlunawsmeailadmafiuinlglasau
Tuasdsznavlanclalasd (Metal Hydride) was
Tu’i’ﬂqﬁﬁaﬁﬁﬂiaw: (Metal-Doped Porous
Materials) (mugﬂﬁ 4.8)

Energy producti
2010

Technology

3ﬂ°7i 4.8 : MITMINBUATIAIN MIWAR U531
LASANSINUACANNASU

MSSANTIFVUASHAIUIN 6 : NISINHHNANAR

NMSINBATUASNINYINGESIINYIR  (Agricultural,

Natural Resources Productivity Enhancement)

ngNATENviaiNsAuuludiunuvman
Tunszms3ded Teefimanslunsifianandn
NNSNBATAIBNTARUITZUUAILANNITURA
daspansiafingnedng uazldsedndaw wiu o
grfndateisuazeUudagis  Insunds
(Nutraceuticals) 81 waziadu udu lasniu
mawauluualgaimiuMIUaaassis wilu
walgadmiunsdanddsseindntsisuazen
Unudngits uasuiluuaugadmiunsdanlass

#1383 11 uarTadulddng (wgui 4.9)

IWURALINNLANSIDUIA:WTJLNUNTUINATUTAE

Agricultural productivity enhancement

2010 2011 2012 2013

Agricultural productivity enhancement
cal s e

R&D
Agenda

Core
Technology

JUR 4.9 : M5TNTITBURLTAILINSINUNANAR
NMSNBATULASNINEINITSITNBIA

MSLANFIFUUATWNAIUIN 7 : NISASIFIVLAL
muqmmamazww:maﬂm (Vector & Pest

Detection/Control)

M3zniduilasauaguionisnsiady
muau lauuasuaswmzadlsn solnguides 3
nanfiunumuandiy  naRBNIRRILIEYNNA
wiludifgnslunslaunas uazdsuuaasdngive
Huumummdnvenguideri 3 ngu sunsu
fenoiiarnrsadlesiuunaswinzanlsaiy
UNUAMnaNTeengaiIdenisiadeussduunlu
dmsunguidenisdaiasizfunluideitenduas i
unmvanlumswauuluduizeSimiuasa
Juussouazwmzzadlsn (Uil 4.10)

Agenda

Technology

1 ar > U ] ar
U 4.10 : MIzMAWUALTRININTATIIY
Lm:n’mquu&vuﬂzmymaﬂiﬂ

AR Y

© q
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2MIEMTIIBURSHAIUNT 8 : Funa (Textile)
Hunsemaideiieliinuminlumealulad
fisnrsainluyszgndldiieasroyanfinun
fonplvifiaus@fiAsiani (Functional Textile)
wasfiantRanizng (Technical Textile) 12y &
#2a3uy (Smart Textile) #vilW (Fire Retardant
Fabrics) \{ugiu ﬁonzg'u%%’ﬂﬁv'a 3 naNIzAUNLM
Tunawaumalulad (eagud 4.11)

Textile

R&D
Agenda

U 411 : MIzMTRBUAWAIUEMS

fmupsdanuivanit 4 1309 azidily
fisusmlumasivayunng maluladvdn waznneg
NszMFATauaziaiun Tasluguseensuinig
FansAnudanadibuacANuEey (Safety & Risk
Management) 3zAnfiunsiuviasjinniszes
AU TINITUVINENNUNBUBN §IUMTLEAIAANHUE
wacNInAaay  (Characterization/Testing)t 9%
fumsaduuuinassdiananiaees (Computer
Modeling/Simulation) difiunslaaviosufjiiinig
209 AY. uazliuinsuminddennngs uar&msu
mhedayainanged (Intelligence Information Unit)
uifiumitenu Ay, Mesdesduilunisiiesesiy

nsMeusialy

NANOTEC TRM daiduiisldiiu
w3nafiaddalunisivuansauuazfianig
M33§8 MIYIEaUUTERINNALNNTIANT LA
NMIIAFTINSNEINT VB9 AU Meluseesiian 4 U
(W.A. 2553-2556) 11 3 viEUnAn A N13ITY
Toetin3de A M33deidiunslaueietnagud

ansdudaiaeglusminedosineg waznsli

v Aawv o

MBI IS e TapRasanandeiaus
Tﬂiomiﬁﬁuma%’unu Fan19Aiiueuway 3

[
o A

AU UT AL

51 ynddsisiiunslaeindde @u. (In-House

Research)

f. LfinusudgedelasaieesAnauas
szmalfidotuil 4 Remen 2552 Taewiae
UfsRnsnansuiluma dsznaudisdesjiinis
11 vedfuinns Ae  vissuiRn1sssuuiinge
(Nano Delivery System Laboratory) #ayUfjiifin3
Tassaoululausauazuilupaunadn (Hybrid
Nanostructure and Nanocomposite Laboratory)
vosimnsuilulaanailmang (Nanomolecular
Target Discovery Laboratory) #ovtfjifansuilu
WANULALNILI9UNT81  (Nano-Energy and
Catalysis Laboratory) #asufjsiin1sunluiizdneis
(Nano-cosmeceuticals Laboratory) ¥agUfjiiAn1s

Aunuseauuily (Nanoscale  Simulation

TUgMsUAUE (NANOTEC TRM Deployment)

Laboratory) #avufjiiinsanudasasanieuilu
walulafl (Nano Safety and Risk Assessment
Laboratory) #invtjiiins3asnsvimasay (Testing
and Service Laboratory) ¥avujiiinsisuises
u’ﬂuimaqa (Nanomolecular Sensor Laboratory)
Wosufvinisgunsaiunludunid  (Organic
Nanodevice Laboratory) lssusiunuuiduley
Ui:ﬁﬁs@:&dﬂu (Bi-component Spinning Fiber Pilot
Plant) Faiia 11 HasuUfrAnisldaniuauidal
a0AARBINU NANOTEC TRM wudnnsaniiueu
Tuf) 2553 w94t 11 FisufiiAnafianaisdo
77N R&D Agenda LLae Core Knowledge Tools

(mugﬂﬁ 5.1)

Gore
Knowladge

Tools

a va

JUR 5.1 : mIRuliusiduvasisslfiinsmes Au.
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5.2 mu%%‘iﬂ"?ﬁ']Lﬁumﬂﬂmﬂ%mi'wgn,sﬁmwﬁlutaﬁ

(Center of Excellence)

AU, Iesnfadumsideiuaninendy
ZaNE] Tmﬂ%’m&v’mﬂuguﬁﬂ%aﬂwmmn“;lul,aﬁ taznau
FENNIMENAE 8 WAD NeNBINERTAaRS"
sontumaluladuviaede’ aoumaluladnse
UNTURUIINIAIANTERT anIenduuiing”
NN MENRERITAUATUNS v Imendpduelnad®
FRRINIAININENEE” uazavInenduzauuiu®
Fofiuwun19idefinannadasiu R&D Agenda Tu 3

oA

Platform Technology An Nax3IuN1ILARDUILA

9

wlu (Nano-Coating) ngn3dn1sviaviuszdiuuilu

(Nano-Encapsulation) Uaznguiien1sdaiaiey
Taseanaunludeieidu (Functional Nanostructure)
(mmﬂﬁ 5.2)

U

Center of Nano technology, Nanoscale Meterials
Design and Simulation: KU

Center of Excellence in Nano technology, Application
of Nanoparticles: AIT

Prachomklao Ladkrabang Nanotechnology Research
Institute, Organic Nanoelectronic Devices: KMITL
Center of Nanoscience and Nanotechnology,
Nanodevice Engineering: MU

" (Center of Excellence in Nanotechnology under the
mem Thailand Science Park, Nano-Biomaterials
& ynthesis, Nano-Meterial Engineering, Sensors:
' PSU)

Center of Nanoscience and Nanotechnology,

20

Network for the Excellence in Functional

® Semiconductor Device Research Laboratory,

Nanoelectronics and Nanophotonics: CU

‘ . ® Integrated Nanotechnology ~Research ~ Center,
S Na&{\k‘:les and  Nanofibers for  Medical
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o a

YanhsenndeaiuingUszasdn1sldou (Materials Design and Production) (5) inalulagizuises
(Sensor Technology) (6) mﬂiuiaﬁﬁmﬂﬁummﬁ (Knowledge Engineering Technology) (7) walulad
ANNURBATUFURISAUWA  (Information Security Technology) (8) nalulafinsiafausesiuuilu
(Nanocoating) (9) wnaAluladn1aviaviuszduunlu (Nanoencapsulation) wa (10) MIaaLATIEAlATIESN
WluLBeiai (Functional Nanostructure) LL@tﬁﬂﬁﬁﬂﬂﬂi:qnﬁﬂﬂﬁmcmumwﬁmmi (Applications)
2NARALM83/1UsIUNTN (Cluster/ Programs) Lﬁamamummﬂuﬁ”aomwmﬁomqﬁmmiuﬁﬁaLLazﬁ’aﬂu
ﬁogﬂﬁ (n).5
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B6-2

1 o o (Global Nanotechnology Trend Analysis and
INIUAULVULNULY ‘j:ﬂ‘]ﬂﬁ

Nanotechnology Roadmap Study)

(1.1) $1EUNNSANETDY RAND Corporation L‘%m
The Global Technology Revolution 2020
fivdamsAnsfitaulanaevdaldud

B7-1 M3TuWaIuILay
dnemaamaluladifianamn
gupuuazsULviudy
53UA3

L BAWWAIATUDBNITYSUINTTBVINALUlal
B7-2 waluladfeduns =

ANUFLAINAMTLEADE
Tonat

(Integrated Technology Applications) 1'737
arudululaTull a.a. 2020
® Personalized medicine and therapies
® Genetic modification of insects to
‘ control pests and disease vectors
RN ﬁawﬁaﬁaﬁumu,ammiénLﬁumu’ifimmmquﬁuﬂumaiuiaﬁLwio':nﬁ finanndaety WIGs ® Computational (or “in-silico”) drug
discovery and testing
® Targeted drug delivery through

molecular recognition

]

e ol

unJIAS:AIUDIUUUOvIaN

Biomimetic and function-restroing
implants

Rapid bioassays using
bionanotechnologies

Embedded sensors and computational
devices in commercial goods
Nanostructured materials with
enhanced properties

Small and efficient portable power
systems

Mass-producible organic electronics,
including solar cells

Smart fabrics and textiles

Pervasive undetectable cameras and
sophisticated sensor networks

Large, searchable databases
containing detailed personal and
medical data

Radio frequency identification (RFID)
tracking of commercial products and
individuals

Widespread bundled information and
communications technologies, including
wireless Internet connectivity
Quantum-based cryptographic systems

for secure information transfer
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Technology Applications (2020) that are

Relevant to Significant Societal Problem/issue

Cheap solar energy

Rural wireless communications
Communication devices for ubiquitous
information access anywhere, anytime
Genetically modified (GM) crops
Rapid bioassays

Filters and catalysts for water
purification and decontamination
Targeted drug delivery

Cheap autonomous housing

Green manufacturing

Ubiquitous RFID tagging of commercial
products and individuals

Hybrid vehicles

Pervasive sensors

Tissue engineering

® |mproved diagnostic and surgical
methods
® \Wearable computers

® Quantum cryptography

21nn1sAANIsaiuualtinagmnalulaif
eiimstlUiHlul af. 2020 Tesnsfnenves
anudulyldmemeadia (Technical Feasibility)
wazanNulllglunstnlyldase (Implementation
Feasibility) M#amnsndiasziuasinvuanss
ypanalulafiuawndlatii (Technology Application)
DABLAUBIANNFDINITVDINAIATUIANR WAL
aa1eTuIAng an1sw (@)1 [Heyaneliuoud
\fudeilisumsszyidanudulyléfiasiin
Fuge] dnuwwnliinlunsimumalulaglul o

v
o A

2020 vuSAAn Rz RmulUnIensmelulad
sesuuluantduselemiludnuus AU @)1 8

Foyarq msiigninllfdudeysiiugudmsy
M39ah1 NANOTEC TRM

AN (2).1 Matrix Ltﬂﬂdﬁagaﬁﬁu Technical Feasibility WAy Implementation Feasibility 2atl6as

wadlalul 2020

Technical and Implementation Feasibility of Hlustrative 2020 Technology Applications

development,
wehicles affect two sectors and will have global diffusion,

Feasibility
Niche market only May satisfy a need for a medium or Satisfies a strong need for a Sartisfies a strong need for a
large market, but raises significant medium marker and raises no large markert and raises no
public policy issues significant public policy issues significant public policy issues
Technical
Feasibili --) -) (+) (++)
) * Hybrid Vehicles (2,G)
Highly * Genetic Screening (2,G) « Targeted Drug Delivery (5,M) * Intemet [for purposes of comparison]
Feasible |+ cBRN Sensors on ERT (2,G)| » GM Crops (8,M) * Ubiguitous Information Access (6,M) 7.6)
(++) + Pervasive Sensors (4,G) * Ubiguitous RFID Tagging (4,G) + Rapid Bioassays (4.G)
+ Rural Wireless Comms (7,G)
= Cheap Solar Energy (10,M)
* Drug Development from Sereening (2,M)
3 . ) * Filters and Catalysts (7,M) 5 - : -
Feasible | = GM Anmals for RED @M) | | o5y for Tracking and ID (3M) + Green Manufacturing (6,M) e S et
+, . X jon (1,M) « Monitoring and Control for Disease s g
f ) (SM) M: ent (2,M) Quantum Cryptography (2,G)
* Smart Systems (1,M)
+ Tissue Euglneemg' 54,Mi
* Biometrics as sole ID (3M) . .
* Commercial UAVS (6,M) * CBRN Sensor Network in Cities (4M) | F’*““Wem?;sze” M) * Electronic Transactions (2,G)
i * High.-Tech Terrorism (3,M) | « Gene Therapy (2,G) . nunod . * Hands-free Computer Interface (2,G)
U"cg’a"' « Miitary Nanotechnologies | » GM Insects (S,M) :;";‘!‘]"’e" Treatments from Data Analysis | , i caico drug RED (2,G)
v) 2.6) + Hospital Robotics (2,M) I N + Resistant Textiles (2,G)
* Military Robotics (2,G) * Secure Video Monitoring (3,M) + Wearable Computers (5,M) * Secure Data Transfer (2,M)
+ Therapies based on Stem Cell R&D (S.M) '
Unlikely * Memory-Enhancing Drugs
nlo (3M . Chi . . " * Cheap Autonomous Housing (6.G)
f—) + Robotic Scientist (1,M) Chip Implants for Brain (4,M) Drugs Talored to Genetics (2,M) . Pri Order-Books (2,G)
* Super Sokdiers (2M)
Highly 5ot BM)
Unlike * Proxy. o . i i « Artifici . Y
(-: -‘;y . tum Computers (3,M) Genetic Selection of Offspring (2.M) Artificial Muscles and Tissue (2 M) Hydrogen Vehides (2,G)
NOTE: For each The NUDer Ol Of 12 SOGELA SECIoNs (Water, 1o0d, land, populaton, heaith, economic

Y. the pa ol ion indicates pOvernance, social SEUCILNe. energy.
educaton, defense and conflict, and environment and pellution) that can be impacted by the technology, and if the diffusion will be glabal (G) or modevated (M). For example, Hybnd

Technically feasible Technologies that

are likely to be Implemented Widely

Cheap solar energy (10 sectors)

The Internet (for purposes of comparison)
(7 sectors)

Filters and catalysts for water purification
(7 sectors)

Rural wireless communication (7
sectors)

Ubiquitous information access (6
sectors)

Green manufacturing (6 sectors)
Targeted drug delivery (5 sectors)
Rapid bioassays (4 sectors)

Tissue engineering (4 sectors)
Ubiquitous RFID tagging (4 sectors)
Hybrid vehicles (2 sectors)

Improved diagnostic and surgical
methods (2 sectors)

Quantum cryptography (2 sectors)

Drug development from screening (2
sectors)
Body monitoring and control for

disease management (2 sectors)

Smart systems (1 sector)

IWURALINNLANSIDUIA:WTJUNUNTUINATUIAS

Feasible

Applications of NANO-

TECHNOLOGY in 2020

New families of miniaturized, highly
sensitive and selective chemical and
biological sensors
Improvements in battery power
management and capacity
Individually worn sensors, especially
for military and emergency personnel
Computational devices embedded in
commercial goods (already being lone
today and likely to become more
widespread)

Wearable personal medical monitoring
devices with data recording and
communications capability

Functional nanostructures for controlled
drug delivery and for improved
performance of implants and prosthetic
devices

Capability for widespread human and
environmental  surveillance and

monitoring

P ,

==
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Integrated Trends of Technology Development (2020) (1.2) FIBIIUNISANEN Delphi Analysis (NISTEP) ?Ja\‘lﬂi::mﬂmjﬂu L'%'a\‘i The 8" Science and

Technology Foresight Survey #ividiansdnumiraulaléun

Area Single Multiple Multiple User
Disciplines Disciplines: Disciplines: Fully  Group/Application . .
Partially Integrated Japan Social and Technogy Foresight on Nanotechnology
Integrated .
'l al a . . . . .
Traditional — Transitional —  Evolved A58 (7).3 AANTITUDNIELINA Technology realization Was Social application
Materials Solid state Solid state Physics, chemistry, Engineers/ Th sti rtant 10 topi
physics or physics or engineering of design of € most importan opics
chemistry chemistry of complex materials ~ biomaterials, Topic Index Year T* Year $*
complex catalysts, structural 1 14: Production processing technology capable of controlling dimensions and %0 2013 2019
materials materials shapes with single nanometer precision.
Solar collectors Semiconductors  Organic Chromophores, Consumers/ , 38 Large-area amorphous silicon solar cells with a conversion efficiency o8 2012 2020
semiconductors  dendrimers, mass-producible and “  above 20 percent. -
nanostructured affordable solar - - - —
organic energy 3 55: Hydrogen production processes through photocatalytic decomposition of ss 2013 2022
semiconductors water with sunlight R
Pharmaceuticals  Designer drugs Time-release Encapsulated, Patients/ 65: Biochip diagnostic systems that can accurately diagnose onset risk for
designer drugs targeted, self- less invasive 4 cancer and other serious diseases and supply mformation for setting 87 2012 2020
regulated drug treatment with less treatment within a very short iwe.
delivery side effects 5 13: Three-dimensional packing technology at the nanometer scale. 84 2013 2020
. . . z : : 62: N i stems that deliver dru; d t t cells in th
Water purification  Filters and Catalytic Functionalized, General populace/ 6 body :ﬁﬁcﬁfﬁmﬁ? at deliver drugs and genes to target cells in the 83 2013 2022
v outside signals.
catalysts membranes controlled pore cleaner water, safer ~~ — — e ———
size, selective from disease 7 35: Superconductors with transfer points at room temperature and above. 83 2022 2033
catalytic filters and 16: Manufacture of materials with specified nanoscale structure and .. an
membranes § charactenistics through self-organization. 82 2013 2021
Genetic GM crops Climate-tailored ~ Adaptive GM crops ~ Farmers and general 9 gzés'mﬁ?b;a:“gﬁzﬁﬁﬁi tﬁﬁiﬁﬁ;"s‘z‘;‘;"“"" analysis 82 2012 2019
modification in GM crops {e.g., controlled populace/ q prop R
agriculture germination, self- higher yield, greater 10 20:Macromolecule synthesis processes that use renewable resources in 2 2013 2020
regulated nutrient availability of food, place of conventional petrochemical processing. -
uptake) nutrition Year T: Time of technological realization Year S: Time of social application
Uit (@)1 wnldunswanmallashdl a.a. 2020 Gap between technolegical realization and social application
U
o o L 2005 2010 2015 2020 2025 2030 203
M1379 (9).2 Involvement of Technology Areas §1%3U 16 Technology Applications
. . . ! | I I I
Involvement of Technology Areas in Top 16 Technology Applications Nano measurement and analysis technology | | | i
| I 1 1 1
Nano processing, molding, and ! 1 1 1
Technology Applications Bio Nano Materials Information manufacturing technology l — : : :
| I ] 1 1
Cheap solar energy X X X Nanoscience for a safe and secure society ! ! !
Rural wireless communications X X : ! 1 : :
Ubiquitous information access X X Environment and energy materials ! ! :
GM crops X X Matter and materials origination, synthesis ! ' '
Rapid bioassays X X X X technology and process technology ! [ ; ! :
Filters and catalysts X X X Nanomaterials modeling simulation : | |
Targeted drug delivery X X X X : f ; : :
Cheap autonomous housing X X X X Nano devices and sensors | | 1056 LA | i
1 I I | 1
Green manufacturing X X X X NEMS technology : | 102yrs : :
Ubiquitous RFID tagging X X ! ! ! ! '
Hybrid vehicles X X X Nanobiology ! | : 9.0 A ! !
Pervasive sensors X X X ) : ! ! ' '
- . é lew materials from nanolevel structure control | | 9.1yrs. ' '
Tissue engineering X X | N . h b
s 3 | 1 1
Improved diagnostic and surgical methods X X X \verage for all technological topics of the field | i 1
9 | 1 1
Wearable computers X X
Quantum cryptography X X g‘ﬂﬁ (2).2 WEAYTZBZIANIANIUIBIN9IAA Technology realization wag Social application
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(1.3) $1897UN1SANE1289 AIRI/Nanotec IT-Rome (Italy) #irda The Nanoroadmap Project b

Wiadian1sfnsnvraulalana

Drug Delivery System based on Nanotechnology

Time to Market

2010 =22015

@
Q
g
o
a
E
@
]
s
@
[

applied first applications ' mainstream applications|

E. Mantovani, 29/11/05, Tel Aviv

g‘ﬂ‘ﬁ (2).3 Time to Market 9849 mainstream application a3 Drug Delivery System

Time to market: Situation at 2015

BASIC RESEARCH APPLIED RESEARCH FIRST APPLICATION MAINSTREAM APPLICATIONS
Material characterisation, design and fabrication

Thin films, layers and surfaces

Nanoparticles

Nanocrystalline materials

Quantum wells
o8

Fullerenes and CNTs

Inorganic nanostruciures
—a

Dye and eleclrolyte-based cells
——

Organic and polymer-based cells

’A‘f

NANOTECHNOLOGY

Source: |

E. Mantovani, 29/11/05, Tel Aviv

g‘ﬂﬁ (7).4 Time to Market 910 Basic Research f{il4 Mainstream Application 1l A.fl. 2015

IWUALINNLANSIDUIA:UWTJLNUNTUINATUTAE

The Nanotech “S” Curve...

MOLECULAR NANOSYSTEMS
ex. Tallored Molecular Devices
I
-

-
-

-
E¥YSTEMS OF NANOSYSTE "'_‘_I'&- e
ex. Robotics -

”
ACTIVE - %
NANOSTRUCTURES »~

Le. Drug Detivery e

PASSIVE

NANOSTRUCTURES
ex. Nanoparticles

TIME TO FRODUCTION
2000
Barant om A Eoca NTE
£ Muntovany

gﬂ‘v‘i (9).5 Nanotech S Curve w&md Nanotechnology Global Trends

(1.4) $189UNSANE1TDY Battelle Memorial Institute and Foresight Nanotech Institute L%;ﬂ\‘l
Productive Nanosystem %;aﬁnmtﬁmﬁ'u Technology Roadmap ﬁﬁ")‘!’iﬂﬂ’}‘a‘ﬁnﬂ’lﬁﬂ'}ﬂu’lﬁ

naneadaldnn

Atomically Precise Manufacturing Technologies (Nanotechnology) that will have Broad

and Growing Applications

® Precisely targeted agents for cancer therapy
Efficient solar photovoltaic cells
Efficient, high-power-density fuel cells
Single molecule and single electron sensors
Biomedical sensors (in vitro and in vivo)
High-density computer memory
Molecular-scale computer circuits
Selectively permeable membranes
Highly selective catalysts
Display and lighting systems
Responsive (“smart”) materials

Ultra-high-performance materials

Nanosystems for APM.

-
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Practicable Nanotechnology Research Initiatives and Outcomes (1.5) $1297UNSANEITEY Kanama Wa: Kondo 1389 Analysis of Japan's Nanotechnology

y _ Competitiveness #ivadian1sAnsvitaulanateitialéun
y Normalizing Atmospheric
Affordable Terawatt Carbon Dioxide Extensive

Solar Power Arrays Cell Repair P
Photovoltaic Low Cost Spaceflight Nanotech Competitiveness by country

Exaflop Pavement-Paint Extensive
Laptop Computer Dollar-per-kg DNA Repair

Efficient kWigm
Fuel Cells General Fabrication

paouenpy

10 nm, 3D

= Materials science Physics
Mlcroprncee:snrs

& :
Cell Mapping Shares of all papers (US) Shares of all papers (US})

Pelabit Quick Anti-
RAM Viral Development
Smart 30% 45% 60k 15K 0% 5% &0%
Microparlicles Targeted Anti- 10-Minute Desktop I Germpny
Cancer Agents Genome Readers

suoneol|ddy

Aueg

Japan

®_ 19392003

/!

Scalable Fabrication Systems

o
¥

Japan
1288=2003

Macroscale Atomically
Precise Manufacturing

paoueApy

nany °
91405

Nanoscale Solid-Builders

Artificial Ribosome-Class Systems
Natural Productive Nanosystems

weun) Apez

Shares of papers in top 10% (US)

Shares of papers in top 10% (excluding US)

swejsASoueN 8AljoNpold

Shares of papers in fop 10% (US)

o
e}
=4
k)
o
32
)
-
@
2
£
2
®
a
@
a
k-]
@
o
=
B
w

Cross-Disciplinary Research

Modular Molecular G e N y - Molecular Te

=)
F

5% 10% 15%

o
#

5% 10% 15%

DNA/Protein Engi = Nanoel ics = N

Shares of all papers (excluding US) Shares of all papers (excluding US)

Tip-Directed Chemical Synthesis -~ Molecular Biology

Figure 1 : Materials science and physics parigers as a share of all papers and of papers in the top 10%

Is Science in major countries over 20 years

ular Chemistry = M

Molecular Modeling/CAD

UM (2).8 FAEWIIUIUTIIUNMSITBUENAIN Material Science WAz Physics

Japan Competitiveness compare with US and EU

3‘1]‘/1 (9).6 Practicable Nanotechnology Research Initiatives and Outcomes njﬁmflu@ﬁ’mwﬁﬁu top-down technology WAAINEY US was EU M9enu bottom-up

technology

Practicable Nanotechnology Research Initiatives and Outcomes , . .
Japan's strength and weakness as seen in Delphi survey

Normalizina Atmospheri : Delphi survey results on nanotech/materials
A  Affordable Terawatl . il Extensive P d
Carbon Dioxide :
Solar Power Arrays Cell Repair - - —

§ Photovoltaic Low Cost Spaceflight Areas included in the nanotech and materials field*! vs. US*2 vs. EU*?
2 'c); Exaflop Pavement-Paint Extensive Bottom-up Nanomaterials modeling simulation 4.08 5.07
g |5 Laptop Computer Efficient kWigm Dollar-per-kg DNA Repair Nanobiology 2.53 4.82

o Fuel Cells General Fabrication Nano devices and sensors 4,81 572

o ) 10 nm, 3D . | MNEMS technelogy 4.85 5.90

© Microprocessors  paianit Quick-Response Anti- Comprehensive Matter and materials origination, synthesis 558 591

= RAM Viral Development Cell Mapping technology, and process technology ’ :
m|®» !
- Smart New materials from nanclevel structure control 5.47 8.28
=< Microparticles Targeted Anti- 10-Minute Desktop Nano measurement and analysis technology 5.15 5.94

Cancer Agents Genome Readers T ; Environmental and energy technology 5.80 6.27
Top-down Y / Nane precess, molding, and manufacturing technology 5.82 6.56 -

gﬂﬁi (2).7 Practicable Nanotechnology Research Initiatives and Outcomes

Tus .. £« “1: *Nanoscience for a safe and secure sociely” (vs. US: 3.98) is excluded because of the difficulty of
UNIU Applications Zduusiu Early uae Advanced technological evaluatiol

U (9).9 usAKA Delphi survey Busavyasauuazyauiveasssmadiudaiiisuiy US uas EU
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S
Focus on Matter and materials origination, synthesis technology, and process
technology
ﬁnmwwwzﬁm Matter and materials origination, synthesis technology a8z process
technology laedl 8 \3aefiusaswanisieuifisuraudnedaiau wudm‘jﬂqmﬂuﬁjﬁﬂﬁm Top-down
technologies FUNFU Bottom-up technologies EANNAY US ﬂﬂﬁuﬁ'm nanotube manufacturing

technology

p P |sum§y rasulls on the EVElS O 1] OpICS Inciu In the area,
“Maner and materials origination, synthasis |ec‘r|;n

clogy, and process technology™

Technology toplcs included in the area “Matter and malerials nrlglnallnn synihesis technology,

and process technology™ Leading couniry*

Technology to freely apply organic, inorganic, and metal materials at the nano level us

Methods for protein mthesis with optional structures through in-vitro sequence condrol that does
not usé mRNA or tR us

Manufacturing technology for nanotubes structured according to design Japan
Technology to frealy control the structure and characteristics of surfaces and inerfaces at the atomic level us
Technology to diractly synthaesize plastic from carbon dioxide gas and water, using light as an energy sourca us
Organic macromalecules with luminous surtaces for lighling Japan
(Y rj Manufacturing technology using nane structure control for ultra-plastic ceramics Japan

dm "-.k.“ Technology that uses gas phase coating to manufacture te manufacture tools harder than diamond Japan

“1: Of the 11 topics in this area, the 8 showing clearly significant differences (R1 of at least 10%) in the response results are listed.

*2. Leading country is selected from Japan, US, EU, Asia (excluding Japan), and Other.
Prepared by the STFC based on Beferencef)

UM (9).10 wamsAnsuanvsedatstmaiiugindtu Matter and materials origination, synthesis
and process technology maidian1sAnu

(1.6) FIB9IUNSANEIDDY Organisation for Economic Co-operation and Development l,%.a\‘l
NANOTECHNOLOGY: AN OVERVIEW BASED ON INDICATORS AND STATISTICS lag
Christopher Palmberg, Helene Dernis and Claire Miguet 1 a.f. 2009 ##dan1sAnsn
inaulanasrdisldud

Structure of nanotechnology-related sciences by publications across disciplines, 2005

IWURALINNLANSIDUIA:WTJUNUNTUINATUIAS L

3 J 3 -
Medical stiences| Plantsclenl:e ff,’;‘{ T "t GE-Dl:hEmlstr\rand geophysics
g ] % :lsl:lenl:eand EnglnEErlngEnmron.m nnL

echpology

ysu:sg E-r:m:hegn reieal}h

CICESCIRERY, Ch emistry.

Radiclogy, nuclear medicine
and medical imaging

Source : Rafols and Porter (2008)

gﬂﬁ (#).11 usmsdiayan1s@nu Nanotechnology Tull a.@. 2005 PRINENUTTINAMAINAIUN

w2 ng:uTnnj f® Medical sciences wuag Physical sciences

Share of patents by nanotechnology sub-areas ¥l A.A. 1995-2005

wWisuieudnuindinsluaaiseg wud Nanomaterials H31uudn5insgegn se9a9mn

AD Nnoelectronics, Nanobiotechnology, Nano optics, Instrumentation Lay Nanomagnetics 1% f;
° o »w
\NAY <
Nanomagnetics w7 e
4% .
| )-8
™0
Instrumentation PO
9%
. [
( | %) F
w
oy
& e
& ©
-,
38%
Source: OECD Patent database, January 2008. ¢ ol

JUN (2).12 uaasdnsuTnnudnGinsuasusas sub-ar?s N Y
O *]
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Share of patents in nanotechnology sub-areas by main application field, until 2005

=Eanomatenats
= Hanasiscrono
LRI
W Hanablotachnokgy
HHanomagnenon.
= Hano opuos

Nanomaterials
Nanomaterials
Nan omaterials

I‘\Janobi[:rtechnolm y

Source: OECD Patentdatabase, January 2008

SUM (2).13 usasdnduIIUANSITAsYBIUART sub-areas

Public R&D investments in nanotechnology, 2004

Source: EC (2005).
Absolute investments Percapita investment
Ireland
Israel
—_— Chinese Taipei
—_— Belgium
France —
Chinese Taipei p— e
Australia Inite T
United Kingdom s France
Haly =
Belgium = New Zealand
Indonesia = Finland
Israel = Netherland:
Canada = United Ki
Netherlands =
Ireland = Switzerland
India § Ausfria pe—
Spain p Luxembourg |e—
Brazil § Denmark e
Finland ) Sweden j—
Switzerland Canada e
Austria § Italy —
Mexico ) Norway e
Thailand ) Lithuania =
Sweden Malaysia p=
New Zealand Spain =
Romania Slovenia =
] Romania =
Malaysia ¥ Indonesia m
Denmark China m
South Africa South Africa B
Norway Latvia p
Lithuania Greece B
5 1 Poland Thailand B
.. Greece Poland
Argentina Portugal
Czech Republic Brazil
Portugal Czech Republic
Slovenia Mexico
Luxembourg Argentina
Latvia India
0 500 1000 1500 0 2 4 6 8 10 12
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Specialization across nanotechnology application fields by country, until 2005

A9 (D).4 LEAY RTA index A9ININNIN 1 ¥uNBde ﬁﬂ’l’]m’ﬁﬂ’m’mﬂﬂﬂLﬂ%EJULﬁEJlIQ\‘lﬂ’J"]

@afun1sdeasinninuudndinsnsauzestssmatutn 20 Yszinalud a.a. 2005)

Phanmaceuticals, Industrial
Electronics Instruments Chemicals bictech Processing
UsA 101 e ] 0.83 FES] 0.88
Japan 132 0.99 1.08 0432 0.82
Germany 0.8 1157 085 |15 0.82
UK 101 i 1220 0.69 0.94 0.73
France 0.94 0.93 0.94 32l 1.06
Netherdands 184 136 | 0.29 044 0.71
Korea 118 0.79 [132] 0.68 0.74
Canada [ i 5 0.89 103 0.30
Swilzerland 035 158 | 078 o070 078
Sweden 028 G Doz 0.77 092 1.01
Israel 0286 sz 0.65 [FEgl 0.84
Australia 0.86 093 [129] [134] 0.31
Italy 045 0.88 116 720 0.45
China 0.74 0.41 [138] [179) 0.93
Russian Federation 0.87 159 | 1.03 0.34 0.80
Denmark 057 150 0.40 [F2zal 0.96
Belgium 067 0.39 1287 ‘2101 G|
Spain 036 - 0.76 [ i (2290
Finland 043 0.60 154 vl |14z
Austria 169 0.53 1.03 0.79 0.55
Note: RTA indexes over 1 indicate a higher relative specialisation. The Figure includes the top 20 countries by the number of
nanotechnolegy patents accumulated by 2005,

Source: QECD Patent database, January 2008

Compatibility of nanotechnology application fields: USA, Japan, EU and BRIC countries,

until 2005

Modified RTA indexes for the US Modified RTA indexes for Japan

Elgclru nics El;cm:nics

Industrial Processing Industrial Processing Instruments
Pharma, Pharma, i
biotechnologes biotechnologes Chemicals

Modified RTA indexes for EU Modified RTA indexes for BRIC countries

Elgclru nics Elgcnromcs

Industrial Processing Instruments Industrial Processing. Instruments

Pharma,

biotechnologes Chemicals

Pharma,
biotechncloges

Source: OECD Patent database, January 2008.
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Lﬁatﬁauqun’\ﬁuﬁ' 2552 Tpal# key word 989 Platform Technology %4 3 Platforms lagil
wan1sansMmitaulananeiade
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CHEMISTRY, MULTIDISCIPLINARY 1305 My -
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FHYSICS, APPLIED s 121672% .
PHYSICS, CONDENSED MATTER 725 wasen  mEm
=" P POLYMER SCIENCE &3 ori1% mm
L~ Count 18210 e MATERIALS SCIENCE, BIOMATERIALS m i907% W
1996 5 onesn 1 BIOCHEMISTRY & MOLECULAR BIOLOGY 246 sty @
000 e 04720 % 1
wr o s W Flesd St s Const o Barchan
W 14 sgE% om
WP E® eaMunom
FieiSabjestares oot Mob g uws ue  emn m
008 %45 11.6819% = - ° a @
MATERIALS SCENCE, MULTIDIECIPLINARY ] p0psn — ] = T T ;ﬁJVI (2).17 LEAITIUIUUNAIANISIBINISIABAUNNAIN key word "nano* and encap*"
FHYSICS, APPLIED &130 166058 % = o
CHEMISTRY, PHYSICAL @17 it mmm W e desmn = dwmsudszmalneiivonun 23 unanu
PHYSICE, COMDENLED MATTER 30 130900 % = 008 015 19.5929 % —
NANCICIENCE & NANOTECHNOLOOY 47 I2ETRE % L} Field: Publieatisa Year m !;id.l Bar Chart
MATERIALS SCIENCE, COATINGS & FILMS 344 124712 % - &
CHEMISTRY, MULTIWGCIELINARY 284 Idgme%  mm
FOLYMER SCENCE 1358 5.54p4% ] Ttk Comary/Terrhony R.C.:..[‘ 1::". Facolint
ELECTROCHEMISIRY 1261 5.0000% [ | UsA 5375 253042% =
CHEMISTRY, ANALYTICAL 1126 448658 [ ] FPEOFLES R CHINA 3il3 21.0750% —
Flelki S on M Bar Chart m.l:i..::: ;:‘: :::i: : Field: Subject Area m 1‘1'_': Bar Chart
SOUTH KOREA 1331 T.2650 % L} MATERIALS SCIENCE, MULTIDISCIPLINARY 280 247982% |
FRANCE 1356 53788 % | | CHEMISTRY, PHYSICAL 10 340504 =]
ENGLAND 1 aamTn oW PHYSICS, CONDENSED MATTER i ] 192035%
TATEAN ¥ SN PFHYSICS, APPLIED 1709 157807%  mmm
poia e it W NANOICENCE & NANOTECHNDLOGY 1406 nHun
OALY ey S 2R8I CHEMISTRY, MULTIDISCIPLINARY 1284 nn% ==
Field: Country/Tervitoey Besand o Bar Chant POLYMER SCIENCE 0 76316% M
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From 2001-2008, Thailand published 945 articles, in 1SI web of knowledge; ______——————‘_"_________ ol Bar Chart
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On the 3 platforms

Total number:

Field: Institution Name

- Count "\‘;f e 4 Sk ve
coat* = function® structure > encap* CHUL ALONGKORN UNIV 356 37.6720 % =
CHIANG MAI UNIV 139 14.7090 % —
A . . o MAHIDOL UNIV 113 119577 % —
Contribution in global publications = 0.32% KHON KAEN UNIV 62 6.5608 % -
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