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TRENDY: Prawo Moore’a
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Nanotechnologia

Richard P. Feynman, 1959
There's Plenty of Room at the Bottom

Annual meeting of the American Physical Society at the California
Institute of Technology (Caltech)

Norio Taniguchi of Tokyo science University first
defined nanotechnology in 1974

"Nano-technology mainly consists of the
processing of separation, consolidation, and
deformation of materials by one atom or one
molecule.”

Kim Eric Drexler, 1986
Engines of Creation (Grey goo)
Nanosystems: Molecular Machinery, Manufacturing and Computation

Elektronika

Motoryzacja (Hummer H2 sport utility truck) Budownictwo
Wyswietlacze OLED

Samoczyszczacy sie beton

iPod Nano

Samoczyszczaca sie lodéwka Samsung Kosmetyki
Nano SilverSeal .
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Pokrycia NANO

Lis¢ lotosu, photo: Y-T Cheng
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Nanotechnologia na co'dzien Nanotechnologia na co'dzien

The $585 suits that went on sale today

iza | i (October 8, 2009) are treated with Titanium Antiviral Business Suits Fight HIN1 Swine Flu
@ The Nobel Prize in Physics 2000 Dioxide, a chemical compound commonly used . . g
With Science & Style

in cosmetics and toothpaste. According to
L A 3 . company spokes-person Junko Hirohata, TiO2
“The principal applications of any sufficiently has photocatalytic properties, meaning that it

new and innovative technology always have when exposed to light it breaks down organic
i X X X materials.

been - and will continue to be - applications

created by that technology.”

FR et

Herbert Krémer Hie
R e,
o
KemeanST—9
MEET _

“Gtéwne zastosowanie kazdej nowej i innowacyjnej technologii zawsze
byto — i nadal bedzie — zastosowaniem stworzonym przez te
technologie”

http://en.wikipedia.org/wiki/Herbert_Kroemer : - http://www.haruyama.co.jp/
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Dlaczego XXI w?

GORDON MOORE
y\lﬂk T

Parowdz dziejow

Przez ostatnie 40 lat na badania technologii mikro
krzemowej wydano bilion (ang. trillion) 1012 USD

mili
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Nanotechnologia

2

He

5 & 7 8 9 10

B|C N O F Ne

13 14 15 16 17 18

Al SI P 5 C Ar

24 |25 |26 |27 (28 | 20 |30 | ;1 | 32| 33 34 |35 36

Cr Mn Fe Co NI Cu Zn Ga Ge As Se Br Kr

42 (|43 |44 (45 | 48 | a7 (a8 | 49 | 50 51| sz 53| sa

Mo Te¢ |Ru [Rh| Pd| Ag |Cd| In Sn Sb Te I Xe

74 75 76 77 78 e BO a1 az B3 B4 BS L]

W | Re | Os |Ir |[Pt|Au Hg| Tl |Pb Bi Po At Rn

106 108 | 109 | 110 | 111 | 112 | 113 | 114 115 116 18

7 5g | Hs Mt | Ds| Rg | Cn Uut Uug Uup Uuh Uus Uuo

*

]

**Actinaids

http://www.webelements.com/

2013-11-20 21

Studnia skonczona
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Efekty kwantowe

CdSe/znS 1-10 nm http://www.nanopicoftheday.org/2003Pics/QDRainbow.htm

2013-11-20
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Figure 5. Schematic diagrams depicting the evolution of the
J o L conduction band structure in the transverse direction: (a)

double heterostructure, (b) separate confinement
heterostructure (SCH), (c) graded-index separate

confinement heterostructure (GRIN-SCH), (d) single
quantum well heterostructure (QWH), and (e) multiple
J e L quantum well (MQW).

The development of the semiconductor laser diode after the first demonstration in 1962 J J Coleman Semicond. Sci. Technol. 27 (2012) 090207
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Potencjat harmoniczny2D

| Holesute |

| Potential Offsets |

l Electron States |

Conduction Band

Heavy Hul

Potencjat harmoniczny2D

PL Intensity (normalized)
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©  InAs Pyramid
©  InAs Wetting Layer
©  GaAs Matrix

cEM

&

@®

CBMa1

CBMe2

The electronic structure of a strained InAs
(110) pyramidal quantum dot embedded
within GaAs. The strain-modified band
offsets are shown above the atomic
structure. They exhibit a well for both
heavy holes and electrons.

Isosurface plots of the four highest hole
states and four lowest electron states, as
obtained from pseudopotential
calculations, appear on the left and
right. CBM means conduction band
‘minimum and VBM valence band
‘minimum

MRS Bulletin Vol. 23 No. 2, p. 35 (1998).
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Sferyczne kropki kwantowe

Przerwa energetyczna w sferycznych kropkach kwantowych [Brus, L. E. J. Phys. Chem. 1986, 90,
2555, Brus. L. E. J. Chem. Phys. 1984, 80, 4403]
50 T T T T 1

APPROACH OF CLUSTER LOWEST EXCITED ELECTRIC
4 &f STATE TO THE BULK BAND GAP
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3s- A —Zno
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190 200
DIAMETER (A]
Figure 5. Caleulated energy of the ¢l lowest excited el i
in relation to the bulk band gap, Adapted from ref 31.
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Sferyczne kropki kwantowe

Przerwa energetyczna w sferycznych kropkach kwantowych [Brus, L. E. J. Phys. Chem. 1986, 90,
2555, Brus. L. E. J. Chem. Phys. 1984, 80, 4403]
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Nanotechnologia

co?
* Studnie, druty, kropki

JAK?
* Top-down, czyli (nano)technologia
* Bottom-up, czyli samoorganizacja

Struktury niskowymiarowe

Low-dimensional Semiconductor Systems

Studnie Druty Kropki
kwantowe kwantowe kwantowe
t
2 D 1 D llO D “

Dyskretna struktura elektronowa

Hubert J. Krenner

Nanotechnologia

co?
* Studnie, druty, kropki
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Nano i bio (gekon)

50x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html

Nano i bio (gekon)

2013-11-20

Nano i bio (gekon)

100x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html
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Nano i bio (gekon)

200x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html

Nano i bio (gekon)

800x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html

Nano i bio (gekon)

400x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html

2013-11-20 2

Nano i bio (gekon)

1500x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html
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Nano i bio (gekon) _

3000x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html

2013-11-20 a5

Nano i bio (gekon) _

6000x

ysokosc wloskow 2 mm, Sredmca 200 nm
1 cm’® = 10* wloséw moze utrzymac cigzar 1 kg

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html

2013-11-20 a7

Nano i bio (gekon) _

6000x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnify1/index.html

2013-11-20 6

Nano i bio (gekon)

GECKOS i
WITH MUSSEL ™

Combining to preduce a powerful
2013-11-20 new blomimetic adhesive

Nature 448, 338-341 (19 July 2007)

2013-11-20
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Nano i bio (gekon)

Nano i bio (DNA)

Vol 44016 March 2006 doi:10.1038/nature0 4586

Folding DNA to create nanoscale shapes

and patterns .

Paul W. K. Rothemund'
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Nano i bio (DNA)

Placement and orientation of individual DNA
shapes on lithographically patterned surfaces

*, Luisa D, Bozane/, Christine M. Micheel, Albert M. Hung",, Ann . Fornal™!,
harles T. Rettner, Marco Bersan?”, Jane Frommer', Paul W, K. Rothernund®*
and Grogory M. Wallraff*

'IBM Almaden Research Center, San Jose, Califoenia 95120, USA
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Figre 1 | The problem of random DMA nanostructure deposition and 3 Ihegraphic sheme for addressing It 3, Synthetic scheme for DA crigams
triangles (kek) and atomic scopy height image (g deposition on mica. The triangles’ edges are ~127 am; scale bae, 100 Am.
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Letter

Nature 450, 73-76 (7 May 2009) | doi: 10.1038/nature07671; Recaived & November 2008; Accepted &
March 2008

Self-assembly of a nanoscale DNA box with a
controllable lid

Nano i bio (DNA)

Placement and orientation of individual DNA
shapes on lithographically patterned surfaces

Ryan J. Kershner'!, Luisa D, Bazand’, Christine M. Micheel", Albert M. Hung®!, Ann R. Fornal",
Jennifer M. Cha", Charles T. Rettner, Marco Bersanl", Jane Frommer', Paul W, K. Rothernund®*
and Grogory M. Wallraff*

ratureaam > Juurnal hurme > Table of Conberts

Letter

Nature 450, 73-76 (7 May 2009) | doi: 10. 1038/
March 2008

Self-assembly of a nanoscale D
controllable lid

for signal-induced apening of the DNA bax.

a. An atomic wodel of the DNA box beld closed by “locks” (orange and blue) that are
double helices formed by rwo shorr strands proerading from the lid and the mam bex,
respectively. Each “lock™ has o saall sticky-end where a "key” sequence signal can

bind and open the “lock” by srand displacement. If both “locks” are opened the lid of

the box 14 effectively opened (b), The reporter svstem for detecting the bid opening is a

Cy3-Cy3 FRET system. Inthe closed seare the rwo flucropleres are in close proximiny

resudting m FRET emisson from Cv3 (red star) when Cy3 i excated. [n the open state

2013-11-20
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Nano i bio

Ordering of Quantum Dots
Using Genetically Engineered

Viruses

Seung-Wuk Lee, Chuanbin Mao, Christine E. Flynn, Angela M. Belcher*t
3 MAY 2002 VOL 296 SCIENCE 892

‘with 10° random

FPhage library
peptide inserts
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Virus-Enabled Synthesis and Assembly
of Nanowires for Lithium lon
Battery Electrodes

Ki Tae Nam,'* DunE;Nln Kim,** Pil ). Yoo,™* Chung-¥i Chiang,** Nonglak Meethang,®
Faula T. Hammond, ™ Yet-Ming Chiang," Angela M. Belcher™**1

Virus Biotemplating

M13 Virus -

‘Au-Co,0,
Nanowire

Assembly
Engineering
Macroscopic Self Assembly of Virus

Li lon Battery

3 Co motif

(EEEE)
<+ Au binding motif
© (LKAHLPPSRLPS)

M13 bacteriophage

C
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Nano i bio

SCIENCE VOL 312 12 MAY 2006 885

3 MAY 2002 VOL 296 SCIENCE 892

58
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Nano i bio
SCIENCE VOL 303 9 JANUARY 2004
Virus-Based Toolkit for the
Directed Synthesis of Magnetic

and Semiconducting Nanowires

Chuanbin Mao,"* Daniel J. Solis,** Brian D. Reiss,*
tephen T. K ‘R av. .2 Andrew Hayhurst,?
George Georgiou,™? Brent Iverson,’? Angela M. Belcher®t

213

Nano i bio

Magnetic Glyco-nanoparticles: A Unique Tool for Rapid Pathogen Detection,
Decontamination, and Strain Differentiation

Kheireddine El-Boubbou,’ Cyndee Gruden,’ and Xuefei Huang*'

'J- -
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Figure 2. (a) Representative fluorescence micr pic images of cay
E coli. The concentration (cells'mL) of bactena mncubated with MGNP 3
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Nano i bio

Magnetic Glyco-nanoparticles: A Unique Tool for Rapid Pathogen Detection,
Decontamination, and Strain Differentiation

Kheireddine El-Boubhou.' Cvndee Gruden? and Xuefei Huang* !
J. AM. CHEM. 50C. 2007, 129, 1336213303
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Figure 1. Scl 1 ! of pathogen detection by MGNPs.

is indicated on each image (see Supporting Information for experimental
2013-11-20 details). (b—d) TEM images of MGNP 3/E. coli complexes _

2013-11-20

30,00 nm

Nano-Co Nano-Co

Synteza: Pawet Majewski, TEM: Jolanta Borysiuk

2013-11-20

B.00 nm
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Nano i bio

Bacillus megatherium + nano Fe;0,

niné rieri=
nandetrukEur

Nowe urzgdzenia

2013-11-20

Nano i bio

DNA w nanotechnologii

Lacasee sie 28 pomocy DA ranocrgstecski
ey yste o Poastolaw s spusts
s ke A o i e
1w 5prox. 2 DNA Poasstale mypsiniala
mmnmmm% &

Chad Mirkin z Northwestern University Brookhaven National Laboratory (BNL)

http://www.dziennik.pl/nauka/article116681/Naukowcy_stworzyli_materie_nieznana_dotad_na_ziemi.html

2013-11-20

Pokrycia NANO

Lis¢ lotosu, photo: Y-T Cheng
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Pokrycia NANO

032.php

University of Wisconsin-Madison and Bell Laboratories

2013-11-20

Nan-Rong Chiou, Chunmeng Lu, Jingjiao Guan, L. James Lee & Arthur J. Epstein
Nature Nanotechnology 2, 354 - 357 (2007) Published online: 27 May 2007

NANCTUBE RADIO

Scientific American, Nanoradio
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Biologiczne krysztaty fotoniczne

2013-11-20

Magnetyczne krysztaty.fotoniczne

101 Y Y
@ Photonic Crystals DOI: 10.1002/anie 200701992

Highly Tunable Superparamagnetic Colloidal Photonic Crystals®*

Jianping Ge, Yongxing Hu, and Yadong Yin*
Angewandte
Chenie

e et
-60 -40 -20 0 20 40 60
H1kOe —=

uc RWERS"]E Newsroom

Biologiczne krysztaty fotoniczne
: . y (3

2013-11-20

Magnetyczne krysztaty.fotoniczne

101 !
@ Photonic Crystals DOI: 10.1002/anie 200701992

Highly Tunable Superparamagnetic Colloidal Photonic Crystals™*
Jianping Ge, Yongxing Hu, and Yadong Yin*

i
shift (a] us the magnet-sample d

274 14 sif: {b) as the distance increases f
sizes of 0.1 cm in both cases.

2013-11-20
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Magnetyczne krysztaty.fotoniczne

Zawiesina nanomagnesow
w polu magnetycznym

Chains of 1 million magnetic nanoparticles
Piotr Habdas have been bled and di bledina
solution of suspended particles in a controlled
way, scientists at the National Institute of
Standards and Technology (NIST) report.

D physics.emory.edu ics.html

2013-11-20 77

Podsumowanie

Demonstracja uliczna w Grenoble
przeciwko otwarciu MINATEC (1 lipca 2006)

.hanotechnologia = nekrologia
— przeciw nanoproszkom i nanorobotom™
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2013-11-20

Co dalej?

* Nanotechnologia — kontrola materii w nanoskali — jest szansg dla nauk biologicznych i
medycznych w badaniach, diagnostyce i terapii.

« Badania nad nanotechnologig i jej zastosowaniami prowadza do problemdéw
etycznych (ale jakie badania nie prowadza?)

 lIstniejg technologie niebezpieczne i akceptowalne spotecznie (np. samochody) i
bezpieczne i nieakceptowalne spotecznie (np. energetyka jadrowa, GMO)

* Nowe technologie wymagaja spotecznej akceptacji — powinni o nig zabiegaé sami

naukowcy
« Dbanie o bezpieczeristwo nowych technologii jest w interesie spoteczenstwa i samych
naukowcow
I Inan ErukbEur
2013-11-20 78

Podsumowanie

PROTESTING: AGAINST NEl TECHNOLOGY - THE EARLY DAYS

EWOO DU M SUOOLED LONIDMNI @ 8¥E-L00Z S0/Y

g )
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Podsumowanie

2013-11-20

25 nm MOSFET
Produkcja od 2008

APy ¥

4,2 nm MOSFET
Produkcja ???

Co dalej? _

GORDON_ MOORE

Parowdz dziejow

Przez ostatnie 40 lat na badania technologii mikro
krzemowej wydano bilion (ang. trillion) 102 USD

mili

2013-11-20

From macroscopic to nanoscale electronics
copper (~ 1 um) organic molecules (~0.3-3 nm)
................................ wire: = = =

transistor:
(FET) y \
an O=LCen

barrier: -cH,- - cH,CH,-

>4-terminal complex logic elements
- >3- and 4-terminal junction

2013-11-20
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Laser Light Microwave

(p=Ngl ==
mandserukEur

Illustration showing how to transform an electron from its
usual state in an atom (a), in which it exists in a cloud of
possible positions surrounding the positively charged
nucleus (indicated by a plus sign), to a "Trojan state" (f), in
which the electron orbits the nucleus like a planet around
the sun. The name comes from Trojan asteroids, the
asteroids which orbit the sun in the same orbit as Jupiter
but in a place either ahead or behind the planet. To create
a Trojan electron, researchers would first use laser light to
put the electron into a "circular Rydberg state" in which
the electron exists in a thin donut of possible positions (b).
Then, a microwave beam would subsequently change the
shape of the donut (c-e), shrinking the range of possible
positions for the electron and ultimately causing the
electron to shrink into a small droplet (or alternatively, a
shortened sausage) of possible positions. This droplet then
orbits the nucleus like a planet around the sun.

Although not yet achieved experimentally, researchers
believe that current technology could be applied to create
Trojan electrons. The figure is not to scale--the circular
Rydberg and Trojan states are actually hundreds of
thousands of times farther away from the nucleus. In
addition, the figure essentially shows just the top half of
the probability cloud for the Trojan electron.

nano-bio

In recent computer simulations, researchers formed the word "optics" by calculating the
electron cloud for a specially prepared n=50 state. In the image above, the intensity of the
letters represents the relative probability for finding the electron at that place, and the color
denotes the phase (relative point in the cycle) of the electron wave associated with that point in
the cloud. (Image courtesy Carlos Stroud, University of Rochester, and Michael Noel.) This

Synteza kropek kwantowych

CdSe/znS 1-10 nm http://www.nanopicoftheday.org/2003Pics/QDRainbow.htm

2013-11-20
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Sferyczne kropki kwantowe

http://www.medicine.tcd.ie/molecular-medicine/gallery/pictures/scientific-pictures.php
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Pracownia Elektrochemii

Manogaleria

http://www.evidenttech.com/)
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wes  MICROSCOPY
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Wysokosé wloskéw
1 cen = 10° wloséw moze urzymaé ciezar 1kg

www.ee leeds.ac.uk/nanomsc/modules1.php

http://www.evidenttech.com/)
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Kropki kwantowe + bio

Kropki kwantowe + bio

Voo il Castg

T2-MP EVITAGS
Non-heavy Metal - InP Based, Water .
Stabilized Quantum Dots _ sele,

28 Sl 2 > A R

euy " 1y

. (35

- iy ®

. .' o?® :
20 nm

. e
A PbSe Quantum Dot as

T2-MP EviTag - InGaP/Zng with Lipid
seen through a transmission
electon microscope (TEM).

Molecular Plate™ Shell
Ternary HI-V Evi0al

CdSe Corn EviDat
http://www.evidenttech.com/
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Kropki kwantowe + bio _

Double duty. Green quantum dots cling to mitochondria in the cyto-
plasm; orange ones label proteins in the same cells’ nuclei.

Science, Vol 300, Issue 5616, 80-81 , 4 April 2003

2013-11-20

Jacek Szczytko

Bull's-eye. Red quantum dots injected into

a live mouse mark the location of a tumor.

Science, Vol 300, Issue 5616, 80-81 , 4 April 2003
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B.00 nm

Pracownia Fizykochemii Dielektrykdw i Magnetykow
Ewa Gorecka, Pawet Majewski, Jadwiga Szydtowska, Adam Kré

Akademia Gdrniczo Hutnicza

Magnetyczne kropki kwantowe

Phctungrnph by Frice Fra
[y —

2013-11-20

Magnetyczne kropki kwantowe

Nanomagnetic Particle

Molecular imaging & therapy
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Magnetyczne kropki kwantowe

Nanomagnetic Particle

Paul Karason

Argyria

103
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Magnetyczne kropki kwantowe

Braln  (neurniogical diseases:
Parkinson's, Al-heimer's disease)

. (Asthma, branchitis, emphysema.
cancer)
Circulatory (Artheriasclerosis, vasocoustrictiarf
system

thrombus, high pressure)

(arryihimia, heart disease. death)

(Crofn's disease, \ i i

colon cancer) Oher OrUaNS i logy i kidneys. fiver)

Orthopsdic implant ¢ Lymphatic poconions,
‘wear debris WM Kapasi's sarcoma)

(Auto-imimune diseases, f

dermatitis. urticaria,

sasculitis)

(Auto-ummune diseases.
——8KIN  dermratitis)

2013-11-20

Nowe urzgdzenia

(A) Time1=03

Seria eksplozji nanorurek uzytych do likwidacji
komérek nowotworowych

Glukometr z nanorurek , University of lllinois

2004/12/041214081957.htm

2013-11-20

26



Sferyczne kropki kwantowe

e, iraticn of BRoconkagals
frethods. (a) Use of a bifunctional ligand
Jsuch as mereaproacetic acid for inking QDs
0 biomeiecules [8*]. (b) TOPO-capped Qs
jpound 1o a modified acrylic ackd polymes ny
forces. (c) 0D

2 mesc
cmpouxl [7%]. (d) Pesitively charged
Jricmalecules are linked to negatively
charged QD= by clectrostatic attraction [9].
() Incorporation of Qs in micrabeads and
ancteads [20%],

2013-11-20

(a) Bitunctional inkage

{d) Elsctiostatic athaction

Qe Qe

(B) Hydrophobic attraction
COOH

-
O-P;m - H%Lmn-@
fcoon

(&) Nanotsxds

(c) Silanization

) . - = 803

e e ais

S S0 @ o'., 41&; ‘cu,muw
J FE

Cuetast Dpieion i Rustsennelogy

Luminescent quantum dots for multiplexed biological detection and imaging
W. Chan et al. Current Opinion in Biotechnology 2002, 13:40-46

Synthesis of multi-shell nanocrystals by a single step coating process, Nanotechnology 2006
(O
o) % . Quantum Yield =
i wl * ] wydajnos¢ kwantowa
. © .
o - Wydajnosé kwantowa
. S
5 i p l a fluorescencji definiuje
_— cds sie jako stosunek liczby
™ e & 80 100 wyemitowanych
thet ) fotonow do liczby
{c) =0 L . P
fotonéw promieniowa-
— - . . - nia wzbudzajacego,
£ iy ™ l budzaj
T s ® E a pochtonietych przez
i o " " le cds substancje w tym
] g s SAMYM czasie i tej
540 " & " . . L.
z . EJ samej objetosci.
520 a0
-
= ® W @ W
Reaction time (min)
Figure 1. (a) Ebenental ratios of Cd 10 Se and Zn o S d by KCP). (b)  di of the CdSe core — CdSe/CdS
corelshell = CdSeACdSZnS conefmulti-shell structure, and (c) PL peak positions, n!Q\xnfi"de{‘dV}nR nanocrystals taken at differeat
Jimee mmtervals during the reaction.

Sferyczne kropki kwantowe

In vivo molecular and cellular imaging with quantum dots Xiaohu Gao Current Opinion in Biotechnology 2005, 16:63-72

QD capping
™ ligand TOPD

Tha Amphiphilc
patymer coating

Affinity ligands: antbody.

small-melscula drug, inhi
Corrent Gpmricn i Butechroiogy

mwmaammﬂwmkwmmmwmcmwmw an encapsulating copolymer layer,
bt g

28 popbides, anSbodioes of small-moleculs inhil

In vivo molecular and cellular imaging with quantum dots Xiaohu Gao Current Opinion in Biotechnology 2005, 16:63-72
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Sferyczne kropki kwantowe

Current Opinion in Chemical Biology 2006, 10:423-429 Nanoscale ¢ Il If- bled I and dots
Phaton enargy (aVf)
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L L P L
(e g 18
53 5 1ss
LB 2 JsE
53 L
£
il(} =
E ]
E ]
2
€
s
=]
i
g E (37
i C Near-Iii |Mad1R |
300 400 500 600 TOOGOT 1000 2000 3000
Emission wavelenglh (nm)
Cuamrant Cpineon in Cheenical otogy

109

An Ancient Model Organism to Test In

Vivo Novel Functional Nanocrystals

By Claudia Tortiglione

"Biomedical Engineering - From Theory to Applications", Edited by
Reza Fazel-Rezai,

Figure 1.
Anatomical structure of Hydra vulgaris

Figure 18.

Fe,0; Labelling Hydra with nanocrystals

Fluerescence micrographs of OD-stained cells and lissues. (a) Actin
staining (green 00s) on fixed 3T3 fibroblast cells. (b) Live MDA-MB-231
broast fumor cells labied with a red QD-antibody conjugate

targeting the urckinase plasminagan receptor. (¢ ntacelular

laheling of live mammakan celis using QD-Tat peplide conjugates
[25™]. {d) Frozen tissue specimens siained with QDs {targeting the
CXCRA raceptor, red) and & nusenr dye (groen).

Justin Galloway

@ Sliicashell : bio-compatibility &
functionalization with specific

targeting group

# thickness : ~10nm
# bic-compalibie,
& non-toxic to ive cell functions
+ stable in cqueous environment
+ abiity o functionalize its surfoce
with specific targeting group

In vive targeting and imaging with QDs. (a) Ex vive fissue sxamination
of Q0-abeled cancer cells rapped In & mouse g (447,

[bh Mear-infrared Bucrescance of waler-sohible type || ODs laken up
by sentingd ymph nodes [4877), (¢} iy vivo smultaneous imaging of
mutticolor Q0-encoded microbaacs injected into @ lve mouse (3577
[} Molecular Largeting and in vive imaging of a prostale tumer in
mouse using a QD-antibody conjugate (red) [257]

(@ Cobaltcore : active manipulation

# diameter ; ~10nm
# superparamagnetic NPs
« manipulated or postioned by an
external field without aggregationin
the absence of an external field
) CdSe shell : imaging withfluorescence
# thickness : 3-5nm
# wvisible fluorescence [~450- 700 nm)
+ abiity 1o tune the band gap
+ by controling the thickness, able to
tune the emission wavelength,ie.,
emission color
0 InS shell: electrical passivation
# thickness: 1-2nm

# havingwider band gop [3.83eV]
thanCdse (1.91eV)

# enhancement of QY
— CdSe |5-10%) = CdSe/Ins (~507%

2013-11-20
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Konstrukcja diagraméw pasmowych

@
AE,
?
n-AlGaAs p-GaAs
EP

2013-11-20 113

Kwietniowa Wiedza i Zycie 2010

2013-11-20

2013-11-20

Konstrukcja diagramoéw pasmowych

(iv) depletion accumulation
layer \ layer (2DEG)
= - EE

A = e
piEeees® |/

EA—_/ heterojunction

Przesuwamy tymczasowe linie E4 w EZ i Ef w EZ, a nastepnie taczymy ze sobg w miejscu
heteroztacza. Pojawiajace sie nieciagtosci dopetniaja szkic heteroztgcza.

2013-11-20

Struktury niskowymiarowe

Low-dimensional Semiconductor Systems

Studnie Druty Kropki
kwantowe kwantowe kwantowe

2D 1D “OD“

Dyskretna struktura elektronowa

Hubert J. Krenner

-
=
)

2013-11-20
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Jak sie robi heterostruktury?

Quantum Well

MBE-> Osadzanie z atomowg
precyzjg warstw o réznym sktadzie
lub domieszkowaniu

Hubert J. Krenner

komora UHV
wzrostu

komora UHV

wzrostu
materiatow 1I-VI materiatow IlI-V
(2Zn, Cd, Mg, (Ga, Al In, As, Sb,

N-plazma,
Si lub Te, Be lub Zn,
Mn lub Cr lub Co)

S, Se, Te, Mn, Co,
ZnCl,, N-plazma)

komora UHV
przygotowania
podtozy
(odgazowanie
powierzchni

Urzadzenie MBE - do epitaksji z wigzek molekularnych (2 komory wzrostu)
producent SVTA (USA). Zakup przez Wydziat Fizyki w r. 2010, program CePT

Jak sie robi heterostruktury?

Wozrost warstw MBE jest monitorowany przez Reflection High Energy Electron
Diffraction (REED). Komputer steruje przestonami (shutterami) na froncie
podgrzewanych komoérek efuzyjnych, co pozwala na precyzyjng kontrole wzrostu do
poziomu pojedynczej warstwy atomowe;j.
Wozrost warstw z jamami kwantowymi (quantum wells), kropek kwantowych (quantum
dots) — struktury LD, LED.

RHEED electron gun

Principal shutter
Rotating sample holder
lonization manometer

Sample
transfer unit

Fluorescent

Pump
screen Motor
(RHEED)

2013-11-20

k si¢ robi heterostruktury? s s
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QUICK
ACCESSN W /
DOOR "

LOADLOCK <
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PUMP . fad

TRANSFER PREP/BUFFER .
ROD & CHAMBER WITH
\ DOCKING
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FRER/LOADLOCK
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MBE na Wydziale Fizyki UW

MBE na Wydziale Fizyki UW

Jak sie robi heterostruktury? Studnia kwantowa _

Reaktor Metal-Organic Chemical Vapour Epitaxy (MOCVD) w Zaktadzie Fizyki Ciata
Statego e

Lasery pétprzewodnikowe

_— Proton Bombarded
Semi-Insulating Barrier
— p+GaAs

- pAGabs

™ Active Regien
nAlGaAs
| 'nGas Substrate

\
'Bottomn Contact

Enmitting Region

Aixtron CCS 3x2
Heterostruktury GalnSb, AlGalnAs and AlGaN.

Dioda laserowa zawiera ok. 400 réznych warstw

2013-11-20
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Studnia kwantowa

Wiecej: http://britneyspears.ac/lasers.htm

1 2m gt

a5 -!n' i

2013-11-20 2013-11-20

Struktury niskowymiarowe Druty kwantowe

Fignre 8 Quantum wire fabrication based on nanoscale etching and re-growth

Low-dimensional Semiconductor Systems

(a) (b) )
Studnie Druty Kropki e quantum wire
kwantowe kwantowe kwantowe substrate

lching ru-growth
Figure 12 Selective growth of quantum wires on a pre-pattermned V-groove substrate

(a) (b) quantum wire
Dartier (AIGaAS) T/!/
t na - ney
2D 1D 0D Figure 11 Growth of quantum wires on a vicinal surface with multiatomic steps

Dyskretna struktura

elektronowa () oo} (b)

1i10]
JUURS c

quantum wire
y . §
utfer (AlAR/GaAS)
substrate (GaAs)
2013120 s/ s B

Hubert J. Krenner

-
N
N
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Druty kwantowe

Zugpuun@umq
i it (e sttt

Vg ) Cirowtlh contains thiee componen- i

T {113, there .
companct (111 along the whisker. 5i maferial s coming
the surmounding of the whisker.

http://www.mpi-halle.mpg.de/~mbe/

Photo by Peidong Yang/UC Berkeley, courtesy of Science
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Quantum
Dot

v

S/
@J\/\/\f)ﬁ

[0)=legs) [ =[X")

niskowymiarowe

Low-dimensional Semiconductor Systems

Studnie Druty Kropki
kwantowe kwantowe kwantowe

2D 1D “0D“
Dyskretna struktura
elektronowa

Hubert J. Krenner

-
@
S
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Synteza kropek kwantowych
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Nanotechnologia | | Nanotechnologia | _

JAK?
* Top-down, czyli (nano)technologia
* Bottom-up, czyli samoorganizacja

2013-11-20

CdSe/znS 1-10 nm http://www.nanopicoftheday.org/2003Pics/QDRainbow.htm

http://www.daystartech.com/lightfoil.cfm

Cu(In,Ga)Se, (also called CIGS) compound semiconductor

2 } . o )
solar electricity conversion efficiency of 12.8% Bl e .t RS

2013-11-20

JAK?
* Top-down, czyli (nano)technologia

135 2013-11-20 136
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Vincent Laforet/The New York Times

2013-11-20

Nano Tech Web

[ S. Kawata et al., Nature 412, 697 (2001) ]
7um
(3 hours to make)

A =780nm

resolution = 150nm
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Jak To jest zrobione?

Resist-

Conducting Insulating

layer *—— layers
W

1. Dominuje technologia krzemowa ﬁ;ﬁm 10 e-beam Al metal

and development acting as etch ma

2. Obecne ukfady ~ 10° - 1010
tranzystoréw

e .
Evaporation of
30nm of Al

3. Podtoza - 300mm, ~ 103 chipéw

. . L. . Removal of
4. Fotolitografia, naswietlanie, Al il = excess metal
trawienie etc removal with lift off
- .
| ] [=——__—=1
5. Typowo ~20 masek, 150 - 200
e . . . T K =
krokéw proceséw
etch
) d)
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Jak To jest zrobione?

Focus lon Beam

JEM-9320 Focused lon Beam System

http://www.norsam.com/
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Jak To jest zrobione?
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Nanotubes as molecular quantum wires

Cees Dekker

TU Delft PIMES

141

Nanotechnologia

JAK?

* Bottom-up, czyli samoorganizacja
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