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Nanotexnologiya nadir?

WWW.NANOMATERIALS.BSU.EDU.AZ

“Olguleri bir nege nanometr olan material ve qurgularin yaradilmasi,
totbiqi ve istifade edilmasidir.

“Atom, molekul ve ya makromolekul saviyyasinde 1-100 nm
mlqyasmda tedgigat aparmaq va texnoloji proseslari hayata
kecirmak, bu saviyyada fundamental bilikler alde etmak, yeni
keyfiyystlore malik materiallar yaratmaq, qurgular diizeltmak va
totbiq etmak.

“Muhandislyin bir sahasi, hansi ki, olculeri 100 nm-dan kicik olan
cisimlar, qurgular, strukturlarla islayir (xUsusile molekullarla
manipulyasiya edir)

“Nanotexnologiya ve ya bazi hallarda deyildiyi kimi, molekulyar
istehsal muhandisliyin bir sahasi hansi ki, cox Kicik elektik
dovralerini dizayn edir, istehsal edir, molekulyar saviyyade mexaniki
qurgular yaradir.

“Atom va molekul saviyyasinde mikroskopik qurgularin yaradilmasi
uzra incasanat

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nano%E?‘ukturlar va kvant qurgulari
Zulallar ,/;\\ http://www.dod.gov/news/Dec1997
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Su molekullart — 3 atom
Zulal molekulu — minlerle atomlar QO

DNT molekulu — milyonlarla atom Su molekulu
Nanomeatftillar, karbon nanoborular — milyonlarla ator

nanoboru

DNT molekulu
Zulal molekulu

www.iacr.bbsrc.ac.uk/notebook/ courses/guide/dnast.htm
www.phys.psu.edu/~crespi/research/_carbon.1d/public
student.biology.arizona.edu/.../ group2/crystallography.htm
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1 ym = metrin milyonda biri

1 nm = metrin milyardda biri
= 1/50,000 insanin tukunun qalinlgi!
= 3 atomun yan-yana duzulusu

9gar biz masafeni 150,000,000,000 dafs
azaltsaq Gunasle Yer arasinda naesafe 1m

vl
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Si eni a = 5.43 A olan almaz qurulusuna malikdir.
Olclsi 10 nm olan Si nanokubun bir Gziinde:

~6250 gofes
~50,000 atom yerlasa bilir

Bir nanokubun har uzunda: Almaz gofosi vahidi
~340 gofes 7

~680 sath atomu yerlasir 2

Umumi sathinde: Si nanoku

~4080 atom olur (~10% sath atomlari)

Sahasi 10 sm va galinhgt 1 ym olan Si tabs
~6.3 X 1019 gofes
~5 X 102% atom

~1.4 X 1077 ssethinde atom olur (~0.03% sath atomlari)

Nanoolculu materiallarda sath, sarhadd ve fazalararasi sarhadd muhum rol
oynayir!

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHNG
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mcteckuegy Ny Takca olgu deyil...

Maraqli fenomenlor:

Kimyavi — statistik analiz tcun
sathin hacma nisbatinin boyuk
olmasi ustunluyu, vacib serhadd
vo fazalararasi kimyavi prosesler.

Electronika — kvant kecidlari, . _
gadagan olunmus zonalarin islenmasi, Si:H sathinds asilib galmis

birlesmalerin STM tasviri
hal dayigsmalari, elektron tunelleagsmasi
Magnit — coxtebaqgali nanoolculu nahang b
magnit mugavumeatlari, magnit
hassasliginin dayismalari

http://pubweb.acns.nwu.edu/~mhe663/ Electron tunneling

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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i Takca oOlgu deyil... ...

Maraqli fenomenlor:

Mexaniki — ¢cox yungul nanokompozit ve
nanomateriallarda guclu barklik, dayigdirilon
ayilmaler, sixilma xususiyyatleri, molekulyar
strukturlarin nanomexanikasi

Optik — nanokristallarin absorbsiya va ) o
fluoresensiyasi, tok foton fenomeni, gadagan Kvant nogtelerinin muxtslif
zonalarinin fotonlu igslenmasi Olgllerds Fluoressensiyasi

Maye — nanohissaciklarle axma xususiyystlarinin
genislandirilmasi, nanomigyasda absorbsiyaedici

tebaqaler.

Istilik — Nanodlgili materiallarin istilikkegirma 54 J .

gabiliyyatinin artiriilmasi, fazalararasi istilik /

kegidlarinde mugavimatin vacibliyi . =
-~

Fonon tunnelleagsmasi

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



Saciyyslendirma

Not for distribution

va tacrubalar
aparmagq

Fundamental
biliklor

Sintez va
Inteqrasiya

Nano-dan Makroya
Qeyritizvu va Uzvl

Optik mexanika ile
Mexanika elektrik,
magnitle ...

Modellasdirma
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Nd Nanotexnologiya — Sonraki tezs
eylar?

Nanotechnology N

Sathin hacma nisbatini artirmaqla
katalitik xususiyyatlorin
yaxsilasdiriimasi

L | :
T Darmanlarin dizayni

Gumus - Fotografiya

- Ucuz, hassas tibbi diagnostika
AR- ortuklu linzalar

Soffaf Gunas kremlori

Viruslar nanomasinlardir

Nanoboru — mohkam nagqiller

Qadim nano ile yeni nanonun foarqi:

Indi, biz tokamulumuzdan da avval atom vo molekul
sdviyyasinda bas veran proseslori dork etmak, onlari idard
etmak va isadiyimiz formada istehsal yaratmaq istoyirik.

Not for distribution nanopedia.cwru.edu CASE SCHOOL OF EM GINEERING
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Nanotechnology @
@ CWRL &

“Top-Down”(Yuxaridan asagi).

11
Bottom-Up”(asagidan yuxar):

Not for distribution

Qurgularin

strukturlarinin atom va
molekullardan, elaca da diger
maddalarin vahidlarindan

istifade etmakle yaratmaq.
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wanutech_nlu;?gﬁh Integral sxemler ve nanotexnologiya

Feature Size

100 jum Integrated Circuit
| History
Inteqral sxemlor oum |
sonayes1i davamli
e . lpm
texnoloj1 mkisaf
] St oo NTRS Road
dovriino yaxinlagir 0lpm |- T map
10nm L Transition Region | ; - - .
Quantm Devices | | ~ -
1 nm | I ey
Atomic Dimensions | | =~
0.1 nmm | | | | | | : |
1960 1980 2 2020 2040
Year

* History and future projections for minimum feature
size in silicon chips.
J.D. Plummer, M.D. Deal, and P.B. Griffin, “Silicon VLSI Technology — Fundamentals, Practice and Modeling” Prentice Hall, NJ
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Nanotexnologiya ve mikroistehsal

* Mikroistehsal top-down texnologiyadir va
asagidaki mahsullarin alinmasi ile masgul

) Light
olur: e L
— Tabagalerin yaradilmasi

DepositedEim4 7
* CVD’ PVD Es'ubsn'ate > *
_ Fotolltoq rafl ya Film deposition Photoresist application Exposure
» Optik ekspozisiya, PR “-’“_kl- —--
_ Hokk etmeok e Ra MR Nl ol
Development Etching Resist removal

* su, plazma

Birbasa vo ya bilvasito diizoldilon bu texniki qurgularin
oksoriyyeti ¢cox faydalidir.

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nanotechnology \g Top - Down Nanoistehsal

i CWRI 2

< 157
c |
(' NeX
10-
SE 7]
a5 51
EO
j_‘“"a
c D -
—r 1pm = 22
CIT 4BKU X25.,0900 33mm w% -5
10-
Uzunlugu: 1.1 um 100 101 102 103  1.04

Eni: 120 nm Frequency (GHz)

Qalinlig1: 75 nm

SEM soklindo 3C-SiC-1n 1kigat sixilmis stialardan birl. Qurgu top-
down texnologiyasi 1lo yaradilmisdar.
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Hmt“hmﬁﬁ:\_ Nanostrukturlar nadir?
@ CWRL 4%

on azl 1 - 100 nm intervalinda bir dlcull strukturlar
2-D qurgular (1-D qgefesler):

* Nazik tebaqgaler

* Yasti kvant quyular(bosluglar)
» Supergafaslor

1-D strukturlar (2-D gafaslar):

* Nanomaftillar

« Kvant qurgulari

* Nanocubugqlar

* Nanoborular

0-D strukturlar (3-D gafssler):

* Nanohissacikler Cox layli

» Kvant noqgtsleri nanoborular

Olgler, gaefsslenma qurulusdan asihdir: wimniiingimnnn
 Bark nanokriastal tebagaler 1

* Nanocompozitler i1l 1

http://www.aip.org/mgr/png/2003/186.htm Sio.76G€0.24 / Slo.84G€0.16 SUPErgafeslor

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



Nazik tabagalor

Nanoolcgulu nazik tabaqgaler
« Tak “iki Olgulu” tabags, galinligi < ~100 nm

« Elektronlar bir olcuds gala bilir; dalga funksiyasi effekti
yaradir, halin sixhgi

* Fononlar bir olguda gafaslanir; istilik dasinmasi effekti yaranir
« Sarhadlanir, kecidlards dasinma effekti yaranir

a@%% ggggg
Bark Nazik toabaqgo
kristal gég égég
= 0.
‘—‘ I
http://scsx01.sc.ehu.es/waporcoj/charl
as/cursodoctorado/12

Sorbast qala
Not for distribution CASE SCHOOL OF EM GINEERING
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bilan tabage
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i Nazik tabagalarin tatbiql

Bark yanacaq elementlori:
(nanoquruluglar) nazik bark tabaga
elektrolitler va yuksak keciriciliya malik
olan elektrodlar

Maye kristal displeylar (ekranlar) ugun “ tl’

nazik tebagali tranzistorlar: yuksak S f""
- - . 100 nm Olcuda bark oksidli

mobillik ve elastiklik teleb edir yanacaq elementlori Gigtin

. - . g VCrgiNg  YSZtebage
Qazlari hiss etmak liglin tetbiq edjtir

(n+H a-Si:H

Elektron qurqular ucun nazik el s
qurq ¢ RS0 ;";.ﬁr}-f ffﬂwﬁﬁwﬁfﬂ u "dﬂ,lf" ed
tebeqeler . - ﬁrf R S Wfﬂ S “'\ﬂjl.H
Wagner et al, Thin Solid Films, Vol. polyimide SiN
490,pp. 12-19.2008). b —

http://www.bu.edu/mfg/pdf/Tuller.pdf Amorf Si TFT SN Leqiviosdirimis piamic

Not for distribution folga CASE SCHOOL OF ERN GINEERIN S
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amncucesy Ny Nanomatftillor

* Bark, “bir olculu”
 Kecirici, yarimkecirici, izolyatorlar
 Kristal ola bilir, defektlari az olur

« Kvant goefeslenmasi effekti gostera bilir (elektro
fonon) i1

- Kegiricilik diametri daraldiqca qadagan zonanin#8 14
eni artir '
 Keciricilik diametri daraldigca
istilik keciriciliyi azalir
* supergafasli nanomaftiller
va nuvali —qabiq yeni formalar yarana
bilir

Nanoboru dedikde daxili ve xarici

diametri nm &lgdld olan silindr nezerda
tutulur . Nanomeftiller ise uzun, bark

nam diametrli meftillardir - T
Abramson et al, JMEMS (2003) Si/SiGe Nanomaftillarwires

Not for distribution Wu et al, Nanoletters, Vol. 2, 83 — 86 (2002) CASE SCHOOL OF EH GIMNEERING
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oo g Nanomeatftillarin tatbiglori

Saho effektli tranzistorlar
Termoelektrik materiallar
Isiqg emmisiya edan diodlar
Detektorlar

Sensorlar

Nanolazerloer

Superqgoefesli nanomeftillor
tatbigi U¢gln supergafaslor
toleb edir.

100 nm CdSe
nanomaftilindan
Nanolazer

http://www.photonics.com/spectra/tech/XQ
/ASP/techid.1525/QX/read.htm 5 nm Si nanowire FET

Cui et al, Nanoletters, Vol. 3, 149 — 152 (2003).

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nanotechnology ™

e, 0 Karbon Nanoborular

Karbon nanoborularin xassalori:

* Bir olculu heksogenal veraqges tabaqga
burularag boru formasina dusur

*Tagriban diametri 1 nm olur

* Uzunlugu 1 mkm olur

* Hec bir defekti olmur

« Sonu buckyballa gapana bilir

Bir divarli, cox divarl formalari var, kendir,
duyunler, topa halinda ola bilr

 Struktura (xiralllig, diametr)
xassalarina tasir edir:
— Yarimkegiricilik metala qarsi
— |stilik, elektrik keciriciliyi
— Mexaniki mohkamlik, elastiklik

Cox divarli karbon
nanoboru

A T4 T Op = P b3 b N
SHOROHIIH L
ot £ -u';'ﬂ‘;‘ﬂ‘&‘ﬁ"
AT DOl D D e,

e e T e

http://physicsweb.org/article/world/11/1/9/1
http://www.aip.org/mgr/png/2003/186.htm

Not for distribution
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i Digar Nanoborular...

Bor nitridi nanoborulari Bor nitrid
» QOksidleagsmaya davaml, nanoborulari

yuksak temperaurlarda yararli muxtalif
* Yung modulu 1.22 TPa formalar 2.2
. Yarimkegirici (qrmizi=bor

« 9vvalgadan prognozlasdirila goy=nitrid):
bilan va diametrindan,
tebagslerindan asili olmayan
elektronik xassaler

» SiC nanoborular:
« QOksidlasmaya davamli sic
 Sert straf muhuts uygunlasan panoborular

o Siatomlari ile sathi NASA Glenn

funksionallasa bilir terafindan
alinib:

http://www.grc.nasa.gov/\ WWW/RT2002/5000/5510lienhard.html
http://pubs.acs.org/cen/topstory/7912/7912notw1.html

Not for distribution




Nanohissaciklar/Kvant nogtslari

« “Olclisiiz” hissaciklor

Hissaciklorin ve ya klasterlorin Radiusu

 Soth effekti/kimya dgun vacibdir
 Radius < 100 nm
< 10% atom bir nanohissacikda

» Olguleri uzunlug olgma kriteriyasindan kigik
(b.s. sarbast gazir, dalga uzunlugu var)

* Nano/kvant fizikasi fenomenlari yaranir

 “Boyuk” nanohissaciklar bark maddaler
Kimi qurulsda olur; “kigik”ler fargli olur

 Sintez: RF plazma, kimyauvi, termolizis,
|mpuls lazeri

e “Qadim” nimunsaler

— Rengli sugsler — olguleri gortnan isiq dalga
uzunlugu ile mugayisa edile bilan kicik metal
oksidi klasterlari

— Fotografiya — kigik kolloidal gimus hisacikleri
sokillar almaq ucgun

Not for distribution

105 nm

104 nm boylk

103 nm ’

102 nm ®
%

10 nm Nanohissaciklar
oo ©

1 nm Qvant néqteleri

&
1A > «& molekullar

CASE SCHOOCOL ©OF EM GINEERIN G
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Ml Nanohissaciklar/Kvant noqgtalert

L wim
TRIRY W10 w6 s

Metal nanohissaciklor

Gumus nanohissaciklarinin
silisium tebaqge Uzarinde
gradiyenti

http://www.bnl.gov/bnlweb/pubaf/pr
/2002/bnlpr071802.htm

Bapat et al, J Appl Phys, Vol. 94,
1969 - 1974 (2003)

www.aveka.com

Not for distribution

Si nanohissacikler; tek-
20 nm Kristal; heksagonal forma
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Nanotechnalogy Yarimkecirici Nanohissaciklar

@ CWRU S
« Nanohissacikler “kutlali yarimkegiricilor” elementlori ile muqayisaeda nadir optik
xassalara malikdir.
» Nanohissaciklarin oOlculerini azaltmagla udma dalga uzunlugunu dayisdirmak olur
« Hissaciyin radiusu ugun > eksiton radius
eksiton enerji saviyyaloerinde foton yaradan kecidler,

diskret optik udma saviyyaleri yaradir
« Hissaciyin radiusu Ug¢ln < eksiton radius

na eksiton na individual elektron va desik kecidlar diskret optik udma saviyyaleri
musahida olunur

UV isigda kvant
nogtslarinden muxtalif dalga
uzunlugunda flurosensiya

WWWw.nanosysinc.com

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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e Nanohissaciklarin numunaleri

« Movzu: Funksionallagdiriimis nanohissaciklerdan istifade etmakls siss
(é‘evrllmekden avval fardi xargang huceyrasini askar etmak va mahv etmak

o —doan 10 nm gadar hissacikler (huceyradaxili markerle qargiligh tasirde olmaq
Jeun lazimi goaar Kigik - . . . o

» Nanohissaciklar ortikla ortullr ve antitellerle,oligonukleotidlarla, peptid ligandlarla

ve darmanla funsionallasdirilir

« Qan dovran vasitasile badanle tanishg _
. I\_/_IRII mdarker vasitasile huceyra daxilini gormak va ya dasiyicl agent ve ya
\Walandirici

Nanoparticles Nanoshells

Nanoparticles used
for molecular imaging
of malignant lesions

Nanoshells kill tumor
cells selectively

Not for distribution



8 Nanoquruluslu boyuk (kutlali)

Nanotechnology

: :
o CWRUS% MEICHENET

Bunlara aiddir:
« Amorf/siise materiallar (atomar miqyasda)
* Nanoquruluslu danaciklardan ibarst har hansi material (nm tartibli)
* Nanomasamali materiallar (nm tertibli)
» Coxlayli nanodlguli nazik tebagaler (nm tertibli — SL period)
Bork formalasmis kristal, amorf, polikristal

9gar donaciyin Olgusu <
100 nm kigik olarsa
Polykristal material
nanoqurulus yarada biler

Xarakteriatikalari (A —dan nano-ya ve micro-ya) kimyavi, fiziki, mexaniki,
adetan daha da yaxsilasir

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



.9 Nanoquruluslu boyuk

Nanotechnology
@ CWRU Materiallarin tetbiglori
ltehsali— istilys davamli ortuklar
:> keramik tabaqgaler
‘ problem: asagqgi istilik kegiriciliyi
talab edir /yuksak barklik
|:> halli: nanoquruluslu tebaqgaler ?
Digar tatbiqgler:
Katalitikler Istiliya davamli
G[]neg batareyalan Nanokristal ortik YSZ
Mohkam, uzunmuddatli materiallar '

Elektronika
Batareyalar

Sensorlar http://www.msd.anl.gov q
/groups/im/highlights/th | gl
Flat panel ekranlar ermalfthermalconductiv Sahe emissiyas! GiGlN
ty.htm nanokristal értiiklii almaz
http://www.msd.anl.gov/groups/im/highlights/diamonde uclugu

mission/emission.html

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Hanutechl:lu':tilﬂj]{;h NanOkompOZItler

* Nanokompozit — har biri nandlgulu iki ve daha ¢cox materialdan ibarst olur

» Duzsldildiyi materiallardan daha yaxgi kimyavi, fiziki, optik, mexaniki xassalers
malik olur
*Cox tarkibli materiallar mumkundur
— Uzvi + Gzvi
— Uzvii + geyri Uzvi
— Qeyri Uzvi + Qeyri Uzvl
Nanohissacik ve ya nanomaftil ve ya nanoboru + matriks material

0’0
.._’.

Na u¢ln nano mikro yox?

Mikro da elastiklik modulunu artira bilir, ancaq mikrohissacikler konsentrasiya
stressorlari kimi tesir edir, garginliyi artirir. particles act as stress concentrators,
decrease in strain to failure, decrease in strength and toughness

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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e A Y Nanokompositlerin tstbigleri
Optik elektronika Gcun luminisent
nanokompositlar

Electronika (e.g. Dielektrik lsbagalar) |
Huceyradaxili manipulyasiyalar |
Termoelektrik materiallar | .
Yuksak garginliklikli, kala-kotur qurulu:f" g i

materiallar

Batareyalarda elektrolitlor

Izalyatorlar _

Ortiiklor %

Qaz paylayicilari= _

Oda davamli 3 Hlceyrade manipulyasi;/alcﬂat.r.r.;e.l.( Uginlﬂn"m

DNT ila hibridlasdirilmis TiO,-
oligonukleotid nanokompositlar

g e I.—i"lll}nrn

Merkel et al, Science,

Vol. 296. 519 — 522 Qaz ayrici membranlarda istifade
(2002) olunan 40 wt% li Polymer oOrtlkloeri  Paunesku et al, Nature Mats, Vol. 2, 343 —
olan silisium nanohissaciklori 346 (2003)

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nanotechnolo N - We . . ?
e Biz nayi olga bilarik”
M6hkam||i)kf ctlor
: X erTeKtuori
Atomun névieri  Kristalligini V _ o
i Sathin kalakoturluyu
konsentrasiya _
diffuziya Kompositlagma struktur

seqgreqasiya \

Xassolori
- elektrik/optik mexaniki
magqnit Goriinlis amsali Qadagqn Mehsul Sertliyi
Sixliq dasyicisi zonani| dariaigl
IX - S
. eni Mohkamli Kalakotirliiyii
Hassasliq Elektron Du;.-)l_tte_ktrlk haddi ' y
Maqnit VeZIyyetI:rl . . .I.sa. " Mohkamlik Eggﬂﬂik
davamlihg ecirictliy!
termal

keciricilik /\Xﬁsusi istilik

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



Optik mikroskopda olguleri isigin dalga Detector
uzunlugunun yarisindan Kigik olan
cisimlari gormak olmuir.

Biz gormak ucun isigdan va Inizadan
basga naden istifade eda bilarik?

Laser

_ Cantilever
Mirror

Sample

AQM asas komponenlari:

* Tip(ucluq) (<~10 nm diametr)
kantilever uzearinda

 Detektor (Umumi vaziyyatda)
« Raster-skan (dartiimis ucluq)
» QUvva/hundurlik nazareti

*Tasvir ugun program teminati

Enina boyutma 0.1 nm Vertical
Vertikal boyutma 0.02 nm

AQM-da grafitin
tosviri

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nanotechnology

AQM usullari

i CWRI 2
contact mode

non-contact mode

Sethden ucluqg angstremlari  Sathdan (calb edilen) Yizlerls

(daf edilan)

Sabit quvva
Yuksak boyutma
Sathi zadslaya biler

Diski firlatma usulu

Not for distribution

angstrem uclu
Dayisan quvva olcusu
Az boyutmas
Zadalamir

Uclugun dayaniqgsiz kontakti
Dayisan quvva olgusu
Yaxcilasdiriimis boyutma
Zadalamir

Courtesy of F. Emnst

CASE SCHOOCOL ©OF EM GINEERIN G
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Nanctochnclosy Ny AQM tasvirlori

v

5.0mM oo TR
- i!':’;.;

(.00 nm
2.5 um

Cu Nanomaftil

Si Uzarinde Ge adalari

K. Brunner et al.
R. Adelung et al. Courtesy of F. Ernst
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3-D tasvirloerin almaq ucin SEM  geenon
—da isiq avazina elektron p
selindan istifada olunur

SEM operasiyalart:
« Hava tam cixarilr (vakuum)

Elactron @un

e topu yuksak enerjili elektron R
seli buraxir
» e- seli linzalarla fokuslanir soanning

colls

» Skan makaralari elektron selini
numuninin uzarina fokuslayir

«Sothdan ikincili elektronlar
gopur

*Detektor elektronlari sayir
# e ilo alinan tosvir

Seconcary
‘\E.Itct e
Datactor

Bpecimen

Courtesy of F. Emnst
N(B@/the ~5 nm CASE SCHOOL OF ENGINEERING
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Nanotechnology \g SEM ve AQM tasvirlari

@ CWRIT S0

SEM: Cu Nanomaftil

AQM: Cu Nanomaftil

R. Adelung et al. Courtesy of F. Ernst

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



TEM mikroskopu slayd gostaran projektor kim

TEM —in isi :

isloyir. Burada igiq svezine elektron seli electron beam
goturulur. |

Hva sorulur vakum yaradilir
e topu ylksak enerjili - seli sqalandinr.
e seli linzalar vasitasilo fokuslanir

Elektron seli numunaya dusur ve bazi e
ondan kegir

lens

<>

NUmunani kecan e- fokuslanir va
uclandirilir .
9 -" diffraction

Tasvirin kontrasti boyuk bucaq altinda . p——
difraksiya etmis elektronlarin hesabina alinir
Sakil linzalar vasitasila boyidulir =

Fsforlu ekrana dusen sakil isiglanir va tasvir 1
ekranda gorunur. B'\

Ayirdetma ~ <1 nm

AF
image

Courtesy of F. Emnst
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s B T uzarinde Ge atomlarinin TEM tasviri

HRTEM En kasiyinin gorunusu
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Hanutechl:lﬂ;?ij;“h TEM m UqayiSeSi

SO0nm:.

il

Standart TEM Yiiksak bdytudilmis TEM

Courtesy of F. Emnst
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Nanotechnlogy ‘g Karbon borularin tatbiglori
@ CWR 20

Possible applications of CNTs

via-interconnect Jd-wiring

carbon-nanotubes

actuators, sensors

nanocontainer

T
£y 5
B |
i el A ol A PP
| ¥
']

hydrogen storage
batteries

biomolecular applications

5.5 Disberg, CPR NP
303, Heraeus Saminar
Mov. 2003

gas sensors

Not for distribution G. Dusburg, Infineon Technologies, Munchen Germany CASE SCHOOL OF EM GIMEERIMG
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Nanotechnology -

@ CWRIT S0

Karbon borularin tetbiglari

Set-up for CCVD-Growth of Carbon Nanotubes

5.5. Diaskerg, CPR NP
303. Heraeus Seminar
Mov. 2003

Not for distribution

door

heater :
air cooling
quartz chamber W
quartz boat |
wafer

G. Dusburg, Infineon Technologies, Munchen Germany

CASE SCHOOCOL ©OF EM GINEERIN G
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oo g Karbon borularin tetbigloeri

( Infineon  CNT growth on a patterned 6-inch wafer

-----

":":-_—' .L-nh-h-«..--'\...h.
W lﬂihnﬁlﬂglﬁrl

e —————

5.5. Dusberg, CPR NP
303. Heraeus Seminar

Mov. 2003

Not for distribution G. Dusburg, Infineon Technologies, Munchen Germany CASE SCHOOL OF EM GIMEERIMG



anotechnolo '\__‘ . .
e ) T Karbon borularin tatbiglori

Infineon

'''''''' [ |

MWCNTSs produced by CCVD on SIO,

phh-—hi-Lh_.-'"h._q.-u

technelegies

e,

G.5. Diaskery, CPR NP
305. Heraeus Seminar
Mov. 2003

Not for distribution G. Dusburg, Infineon Technologies, Munchen Germany CASE SCHOOL OF EM GIMEERIMG
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i CWRI

Sl Birlagdirici naqillsr ugun

Karbon
Aluminum Mis boru

1999

Al miigavimeti Cu miiqavigati Karbon borularin
= 2.6 uQ-cm =1.7 uQ-cm cox asagi
mdaqavimali olur

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



— Karbon nanoboru birlesdirici
Nanotechnology -

@ CWRU % naqillerin hazirlanmasi

Hokk Fe katalizator baslanir Coxlayli karbon nanoboru
Kl doldurulur boyiiytir, CVD istifadoe
etmakla olunurH,,C,H, 700°C
temperaturda

F. Kreupl et al.,
Microelectronic Engg.,
64, 399 (2002).

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG



 Nergetik tatbigler: Cevrilma, Generasiya va

Nanotech nuiug:\

@ CWRL'&% toplama

Hidrogeni saxlamag
ucun metal — Gzvu
struktur

2.0 Dresselhaus group, MIT
Keyfiyyati artirmaq Gg¢un ]
materiali nanokompozitle ‘o rme )
avaz edin ‘ trigonal direction
N 4.0}
Abramson et al, JIMEMS, in review. el
Rosi et al, Science, Vol. 300, pp. 1127
- 0.0 N ! z
1129(2003). 0 100 , 200 300
d, A

"
Not for distribution " CASE SCHOOCOL ©F EN GINEERIHG
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e mml Energetik tetbigler: Katalizatorlar

Neftin emali: nanomasamali zeolit
(masameler 3 — 10 A) deaqig
qguruluslu seffaf bark kristal
(“molekulyar alaklar”) neft emalinda
istifada olunur— ag neftin
alinmasinin mahsuldarligini har
barelda 50% artirir Masamali zeolit strukturlar

Catalysis from Pd clusters

1 e e :
E-—-I—_
B o ' = .‘- '\-‘---\H .
]D:l - n 5 e FurfacE Ao e
g - ]
-'J.
5 ty Relative : T
. R acivity 00 F \\
" . ¥ E R e =, -
http://www.iaee.org/docum e ! : e} e
ents/p03eagan.pdf e w' E H‘IH
_ Pyrene hydrogenation™—_
http://www.bza.org/zeolit " . —u
= H H il Lo | 1 | | L
es.html Qalinhgr 2 atom tartibinde TiO, ol p . R T
Uzerinda Au nanoklasterlari Size (nmj)

Not for distribution
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Nanotechnology \ Energetik tatbigler: LEDs

@ CWRIT S0

' Light f Si
Nanoquruluslu Si (gox ight from Si

. 20 e ,r.u,/.‘f 1.8
ucuz material) s
nanomasamali va isig| : -
2 10 3 141:1
yaxs! udur! T W 1" 3
: . . < 5! _ lu2
Isiq emissiyasi Ugln 0 N :
kvant nogtsleri e
Wavelength (nm)

P-tip va n-tip carpaz
nanomeaftillar (p-n
kecidlari ucun)

http://www.trnmag.com/Stories/011701/Crossed_nano
wires_make_Lilliputian_LEDs 011701.html Kvant néqteleri tebeqeleri

http://www.trnmag.com/Stories/2002/103002/Nanoscale LED debuts 103002.html

Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nanotechnology \ Energetik tatbigler: LEDs

@ CWRIT S0

Red LEDs 10X more efficient than
red-filtered incandescents

Kvant nogtaleri/ isigin
dalga uzunlugundan

. . . LED Bulbs Getting Green Light in County
olculari az olan e g o
nanokristallar, isiq bu
nanokristallardan sapilmir;
optik effektivliy sapilma
50% azaldir!

» General lighting is responsible for
~20% of electricity consumption

« Conventional light sources have
low energy efficiencies

* Incandescents ~5% efficient

Solid state lighting sources (LEDs & lasers) promise efficiencies 10X
and 2X greater than incandescents and fluorescents, respectively

Not for distributic
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e ) Y Energetik tatbiglar: Batareyalar

Elektrod materialini nanostrukturlarla svez etdikds
(toxudugda) onlarin elektrik xassalari yaxsilasir; nanotartibli
hissaciklar scale particles enerjinin toplanmasini yuksaldir va
diffuziya zamani Li ionlari arasinda masafani azaldir

Nanobatareya: Nanoolgulu membran elektrolitle doldurulur,
elektrodlara papaq goyulur; niumuna ile kontakt edan ucluqg
yaradilir.

Electrode material

nanoparticles \

Current / 150 nm-diameter

collector LiMn,O, Nanotubules
Charles Martin, University of Florida (G0 Sandia

1
Not for distribution CASE SCHOOCOL ©OF EN GINEERIHG
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Nanotechnology \g Energetik tatbiglar: Gunas batareyasi

i CWRI 2

Gunes batereyalari dam ortuklarine
iInteqrasiya edilir.

Nanotartibli yarimkegirici kristallar
torkibinda isigi emmisiya edan boyaq
madda ile ortulur hansi ki, elektronlari
udur

Nanoquruluslu almaz gunas istilik Nanoquruluslu almaz
batareyasi isigi tutur, hansi ki, qafasi
qizdirir ve elektronlari emissiya edir ;
Kicik ucluq yuksakenerijili elektronlari
tuta bilir.

Tetrapodlar (isiglI absorbsiya edan
materiallar) plastik gunas
batereyalarinin effektivliyini ikigat
artirir

dtetrp |

http://www.spacer.com/news/solarcell-01b.html
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