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Dioda laserowa zawiera ok. 400 roznych warstw

‘EE

Lasery potprzewodnikowe

Top Metallic _ — Proton Bombarded

Contact Semi-Insulating Barrier
o  p+GaAs

T pAlGaAs

8 ™\ Active Region
\ nAlGaAs
'n GaAs Substrate

'Bottom Contact

Emitting Region




Heterostruktury potprzewodnikowe
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Wiecej: http://britneyspears.ac/lasers.htm
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Jak sie robi heterostruktury?

Reaktor Metal- Organlc Chemical Vapour Epltaxy (MOCVD) w Zak’fad2|e Fizyki Ciata
Statego | g o A

Aixtron CCS 3x2
Heterostruktury GalnSb, AlGalnAs and AlGaN.
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Jak sie robi heterostruktury?

Quantum Well

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

Hubert J. Krenner

28



Jak sie robi heterostruktury?

Wzrost warstw MBE jest monitorowany przez Reflection High Energy Electron
Diffraction (REED). Komputer steruje przestonami (shutterami) na froncie
podgrzewanych komorek efuzyjnych, co pozwala na precyzyjng kontrole wzrostu do
poziomu pojedynczej warstwy atomowej.

Wozrost warstw z jamami kwantowymi (quantum wells), kropek kwantowych (quantum
dots) — struktury LD, LED.

RHEED electron gun

Cryoshield Principal shutter
(LN3)

i u L.I Ll '3'5‘2'13-‘1-'-::-: ~
Effusion
cells

Rotating sample holder

lonization manometer

\ Air lock valve

, ey ju—
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Cell £ ; .
shutters ‘t Window

Motor

Fluorescent Pump
screen
(RHEED)
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Jak sie robi heterostruktury?

komora UHV komora zatadunkowa komora UHV
wzrostu wzrostu
materiatow Il-VI materiatow IlI-V
(Zn, Cd, Mg, (Ga, Al In, As, Sb,

N-plazma,
i&ss I8 Silub Te, Be lub Zn,
L SRS 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
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k sie robi heterostruktury?
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MBE na Wydziale Fizyki UW




Jak sie robi heterostruktury?

MBE na Wydziale Fizyki UW
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Jak sie robi heterostruktury?

W dzisiejszych dla otrzymywania cienkich warstw czasach czesto stosuje si¢
rowniez tanie technologie:

- elektrochemiczne (elektrolityczne nakltadanie metali, elektrolityczne utlenianie),
- sputteringowe

- naparowywania warstw.
- ink-jet printing -, ¢ %

i

CATHODE

INERT
GAS
INLET
SUBSTRATE

= {é ( ANODE)

il

Sputtering katodowy

obnizone cisnienie 10-1-10-2 Torr gazu obojetnego

przy napiecie kilkunastu kV jony dodatnie wybijajg materiat
katody i osadzajg go na m.in. materiale podtozowym

24.11.2020
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SUBSTRATE
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EVAPORATION

" SOURCE

-

lli

EVACUATE

Naparowywanie warstw

w prozni <106 Torr materiat Zrodtowy
jest zamieniany w faze gazowg przez
podgrzanie lub bombardowanie i
deponuje sie na m.in. materiale
podtozowym
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Jak sie robi heterostruktury?

W dzisiejszych dla otrzymywania cienkich warstw czasach czesto stosuje si¢
rowniez tanie technologie:

- elektrochemiczne (elektrolityczne nakltadanie metali, elektrolityczne utlenianie),
- sputteringowe
- naparowywania warstw.
- ink-jet printing

" ADVANCED
M MATERIALS

www.advmat.de

www.MaterialsViews.com

Reliable and Uniform Thin-Film Transistor Arrays Based

on Inkjet-Printed Polymer Semiconductors for Full Color
Reflective Displays

Jiyoul Lee, Do Hwan Kim, Joo-Young Kim, Byungwook Yoo, Jong Won Chung,
Jeong-1l Park, Bang-Lin Lee,* Ji Young Jung, Joon Seok Park, Bonwon Koo,
Seongil Im,* Jung Woo Kim, Byungkwon Song, Myung-Hoon Jung, Jae Eun Jang,
Yong Wan Jin, and Sang-Yoon Lee

polymer light-emitting-diode (PLED)

24.11.2020
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Jak sie robi heterostruktury?

- ink-jet printing

WWWW

P(8T22-co-6T22)-12

Figure 1. a) Inkjet printing scheme of OTFT and molecular design for polymer semiconductor P(8T2Z-co-6T2Z)-12 with charge-transfer moieties
used in this system. b) Optical vs. polarized microscopy of the inkjet-printed OTFT device. c) Atomic force microscopy image of active channel area
of the printed OTFT (right). d) Molecular packing and orientation of inkjet-printed P(8T2Z-c0-6T2Z)-12 films characterized by 2D-GIXD. Film was
post-annealed at 150 °C on ODTS treated SiO, gate dielectrics. e) Schematic illustration of molecular ordering in inkjet-printed P(8T2Z-co-6T2Z)-12
polymer semiconductor film.
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Jak sie robi h

- ink-jet printing

PES substrate Viahole Drain Source

m N
. — el

ITO electrode
PDLC

Color filter

Reflective layer
and pixel electrode

Passivation layer
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Gate insulator  organic semiconductor
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Figure 4. a) Schematic 3-dimensional view of one PDLC display pixel including OTFT drivers
for red, green, and blue color display. b) Pixel array photos taken from optical microscopy,
along with detailed scheme of one pixel that contains storage capacitors and three TFTs with
interdigitized channels. c¢) Our TFTs display decent transfer characteristics with high mobility
even after completion of all the backplane processes. d) 4.8-inch QVGA color reflective PDLC
Display driven by inkjet-printed OTFTs.




Jak sie robi heterc

- ink-jet printing

Silver nanoparticle ink is injected into an LRy i
empty cartridge and used in conjunction = '
with an off-the-shelf inkjet printer to enable
“instant inkjet circuit” prototyping (credit:
Georgia Institute of Technology)

A single-sided wiring pattern for an
Arduino microcontroller was printed on a
transparent sheet of coated PET film
(credit: Georgia Institute of Technology)

http://www.kurzweilai.net/how-to-inkjet-print-circuits-at-fraction-of-time-and-cost#!prettyPhoto
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Jak sie robi heterostruktury?

- ink-jet printing

© ROBOTS-DREAMS .CON

http://www.robots-dreams.com/2013/10/world-maker-faire-2013-print-your-own-circuits.html
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W Vigo System / Home page
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(' > @ www.vigo.com.pl/index.php/en/main_menu/home

09 October 2012

SYSTEM
The leader in IR’rechnology

iHome page About Us Distributors Support Contact

SYSTEM@g S

Products

News

» MIRSENS-II P> LAB Detector

» Curiosity has landed on Mars
» DSS - Defense, Security and » IR Detectors & Modules
Sensing » IR Detectors - Comparison Table

» Preamplifiers
» TEC Controllers
» Accessories

» Plasmonics in the IR
» Laser Optics Berlin 2012
» Viao IR Detectors selected for
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Jak |

. Mars Science Laboratory

6 ¥ mars.,jpl.nasa.gov/msl/

e Laboratory -
Rover

MULTIMEDIA ~ PARTICIPATE! SEARCH

View of Curiosity's First Scoop
Also Shows Bright Object

This image from the right Mast Camera
(Mastcam) of NASA's Mars rover
Curiosity shows a scoop full of sand and
dust lifted by the rover's first use of the
scoop on its robotic arm. More =

(L) °0
What's New? Recent Recent 'Md Me i Curiosity
*  Images Videos a Messa
[ mars.jpl.nasa.gov/msl/#
.1 v x
24.11.2020
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Figure 8 The trend of the reduction of semiconductor laser threshold
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Druty kwantowe

Figure 9 Quantum wire fabrication based on nanoscale etching and re-growth

(a) (b)

buffer
substrate

quantum wire

etchina re-arowth
Figure 12 Selective growth of quantum wires on a pre-patterned V-groove substrate

(ﬂ) (h) quantum wire

barrier (AlGaAs)

samime ot [N Sy

Figure 11 Growth of quantum wires on a vicinal surface with multiatomic steps

O (b)

o f’ L

= buffer (AlAs/GaAs)
-_/
47

substrate (GaAs)

s’
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(gl

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

a0 Tnik

Vext

=21/ ' p* AlGaAs
n* AlGaAs

n* GaAs

FIG. 1. TEM cross section of the V-groove QWR LED schematically show-
ing the vertical electron and hole injection via the self-ordered VQW. Mea-
sured Al composition (open circles) and calculated conduction- (solid black
curve) and valence-band potential (solid white curve) of the triple-branch
VQW, is shown as a function of lateral distance.
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2 Au cap on the top of whisker
andthe interface structure

Fig. 3) Growth contains three components:

Beside diffusion trough the droplet (I) and diffusion on the
droplet surface (I1), there is a strong surface diffusion
componet (I1T) along the whisker. Si matenial is coming
from the surrounding of the whisker.

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

P.X. Gao et al. | Chemical Physics Letters 408 (2005) 174-178 175

Fig 1. (a) A typical low magnification SEM image of the as-grown networks of ZnO nanowires and nanorods consisting two types of morphologies,
as indicated by area b (bc) and ¢ (d.e). (b,c) Enlarged SEM images of uniform networks of ZnO nanowires and nanorods. (d,¢) Enlarged SEM
images of clumps of nanowires showing the interconnected nanowires and nanorods.

24.11.2020
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short nanowires and nanorods. (c) The beginning of the d layer of networking. (d) Highly magnified SEM image giving a clear description
about the 3D Zn0O networks with mesh space around 2 x 2x 2 (um).
Fig. 4. (a,b) Interconnection tvpes of Zn0 nanowires in the nano-n d) Bright-field and dark-field TEM imag [ AT
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Potencjat harmoniczny
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Potencjat harmoniczny. 2D

InGaAs

Digital Instruments NanoScope =
Scan size 2.000 pm )

Scan rate 1.969 H=z ; ; InGaAs
Number of samples 512

Image Data Height

Data scale 100.0 nm

[] view angle
- light angle

X 0.500 pm/div

UM Z 100.000 nm/div

AFM [MS-NRC __ =
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CdSe/ZnS 1-10 nm http://www.nanopicoftheday.org/2003Pics/QDRainbow.htm
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SUHDTV

Quantum dot display

LED TV, featuring reinvented Quantum Dot technology (Samsung)
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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
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Nanotechnologia na co dzien

Elektronika

Motoryzacja (Hummer H2 sport utility truck) Budownictwo o
— Wyswietlacze OLED

Samoczyszczacy sie beton
iPod Nano

Ubrania (Nano-Tex) AGD
Samoczyszczaca sie lodéwka Samsung Kosmetyki
Nano SilverSeal —




Pokrycia NANO

Lis¢ lotosu, photo: Y-T Cheng Nibia ot Panat

Glucose = 0 gL

Nature

Superhydrophobic Superhydrophilic

Glucose = 16.7 g/L




Nanotechnologia na co dzien

“The principal applications of any sufficiently
new and innovative technology always have
been - and will continue to be - applications
created by that technology.”

Herbert Kromer

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

http://en.wikipedia.org/wiki/Herbert_Kroemer
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Nanotechnologia na codzier

The $585 suits that went on sale today
(October 8, 2009) are treated with Titanium
Dioxide, a chemical compound commonly used
in cosmetics and toothpaste. According to
company spokes-person Junko Hirohata, TiO, W Pay

Antiviral Business Suits Fight HIN1 Swine Flu
With Science & Style

has photocatalytic properties, meaning that it
when exposed to light it breaks down organic
materials.

K& e ML

apan
EEY

http://www.haruyama.co.jp/
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__——Nanotechnologia -10-= ks

Chodzi o kontrole materii w bardzo matej skali, jednej miliardowej

< czesci metra. Wytwarzanie i badania obiektéw o tak matych
5 >~ _rozmiarach wymagajg wiedzy zaréwno z fizyki jak i z chemii.
. 104 m Srednica ludzkiego wtosa 100 000 nm
//
a,b,c < 100 nm 10~ ° m
Nanoczgstki s3 mniejsze
niz 100 nm

Bakteriofag
200 nm 1077 m

Tranzystor w procesorze 25 nm

e

Jacek Szczytko, Wydziat Fizyki UW

AMI IMAGES/SCIENCE PHOTO LIBRARY

POWER AND SYRED/SCIENCE PHOTO LIBRARY
DR JEREMY BURGESS/SCIENCE PHOTO LIBRARY.
PASIEKA/SCIENCE PHOTO LIBRARY
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Dlaczego XXI w? |

GORDON MOORE

Parowoz dziejow

Przez ostatnie 40 lat na badania technologii mikro

krzemowej wydano bilion (ang. trillion) 102 USD
mili
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CdSe/ZnS 1-10 nm http://www.nanopicoftheday.org/2003Pics/QDRainbow.htm
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Sferyczne kropki kwantowe

http://www.microscopyu.com/articles/fluorescence/index.html
hietoc |
[7] Nikon MicroscopyU | Fluorescence Micr... l

-
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INSTRUMENTS | NIKON EU NIKONUSA NIKON.COM |

€ ¢ ww.microscopyu.com/artic

nion  IMICROSCOPY

THE SOURCE FOR MICROSCOPY EDUCATION

{.t HOME S TUTORIALS ¥ GALLERIES ¥ MICROSCOPY BASICS % SMALLWORLD ' MUSEUM

Home > Fluorescence Microscopy

Featured Sections
Live-Cell Imaging
Fluorescence Microscopy
Optical Systems
Phase Contrast
DIC Microscopy
Confocal Microscopy
Superresolution Microscopy
Stereomicroscopy
Polarized Light Microscopy
Cell Motility Video Gallery
Swept Field Video Gallery
FRET Pair Combinations
Featured Microscopists
Microscopy Literature

Criso OPTICS
=)

b T
Microscopy Digital Imaging
Digital Imaging Overview
Basic Imaging Concepts
Intro to CCD Cameras

Matching Resolutions

N

In the rapidly expanding fields of cellular and molecular biology, widefield and confocal flucrescence

illumination and observation is becoming one of the techniques of choice. These techniques, which are

almost universally employed in both the medical and biological sciences, have spurred the
development of more sophisticated microscopes and numerous fluorescence accessories.

Review Articles

Introduction to Fluorescence Microscopy
Basic equipment and techniques necessary
for observing specimens in fluorescence.

> Basics of FRET Microscopy
Using fluorescence to examine dynamic
interactions between probes in living cells.

> Fluorescence in situ Hybridization
Referred to as FISH, the technique is used
primarily for chromosomal analysis.

> Introduction to Fluorescent Proteins
Genetically-encoded fluorescent probes that
are revolutionizing live-cell imaging.

> Stereomicroscopy Fluorescence lllumination
Fluorescence llluminators enable examination
of large specimens in stereomicroscopy.

> Optical System and Detector Requirements

> Total Internal Reflection Fluorescence
TIRF restricts the excitation and detection of
fluorophores to a thin region of the specimen.

> Multiphoton Microscopy

Mode-locked pulsed lasers are used for deep
tissue imaging and optical sectioning.

> Nikon Fluorescence Filter Sets
Discussion of the properties of various
fluorescence filter combinations.

Fluorescent Protein Imaging Parameters
Filter requirements, photobleaching, objective
choice, highlighters, and multicolor imaging.

> Confocal Microscopy
Confocal microscopy offers several
advantages over conventional microscopy.

> Laser Safety Basics

Small World Competition
Enter the 2013 Contests
2013 Small World

2013 Small World In Motion
Competition Rules
Competition Prizes

Small World Gallery

2011 Tour Schedule

Interactive Flash Tutorial

[—— i tgucm aon
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Matching Fluorophores
with Nikon Filters

Microscope Safety
Basic Ergonomics
Laser Safety Tips
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Nanomedycyna

Cell membrane:

A Mitochondria Nuclear membrane:<40 nm
endocytosis up to ~ 100 nm Microfilaments Rough
Lysosome' \ Endoplasmic

Peroxisome - \(\\ ), Reticulum

\ -
\ N

Lipid membrane:

5.5 nm across

DNA-histone complex:
6.7- 8.5 nm

" Endoplasmic
Reticulum

Endoplasmic
Reagulum

24.11.2020 Dr. Varvara Karagkiozaki, Med, MSc gg



Nanomedycyna
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Nanomedycyna

Nanomedicine may be defined as the monitoring, repair, construction and control
of human biological systems at the molecular level, using engineered
nanodevices and nanostructures.

* a new field created by the convergence of recent advances in Nanotechnology with

Biology and Medicine.
®* Nanomedicine offers the prospect of powerful new tools for the treatment of human

diseases and the augmentation of human biological systems.

P Liposomes

¢ Polymer NPs (Nanospheres,
Nanocapsules)

P Solid Lipid NPs, Nanocrystals
Dendrimers

Fullerenes

Inorganic NPs (Gold & Magnetic)
and Quantum Dots

24.11.2020 Dr. Varvara Karagkiozaki, Med, MSc gg




Nanomedycyna

Many "Nanomedicines"” are already in routine clinical use
viral vectors for

Antibodies and their
Conjugates gene therapy
Seymour

Liposomes
Bangham, Gregoriadis

Celltech-UCB

@R o ,&I} 4

% T ”I
-~
: s 'l““\

Nanoparticles @10 ra :i |C| D

Florence, Daves, lllum
Polymer-protein Unimolecular Polymeric
conjugates ",z.-lj}

polymer
micelles

4:54

Drugs and Conjugates
Duncan

Dr. Varvara Karagkiozaki, Med, MSc gg
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Nanomedycyna

Regenerative Medicine is an emerging Interdisciplinary field
of Research & Clinical applications focused on:

® Repair,

®* Replacement,

® Regeneration of Cells, Tissues, or Organs,

to restore congenital defects, disease, and trauma.

It uses a combination of Technological Approaches (Genetic
engineering, Stem Cells, Soluble Molecules, Tissue engineering,
etc) beyond traditional Transplantation & Replacement therapies.

Example: Evolution in time of Cell Colonization

24.11.2020 Dr. Varvara Karagkiozaki, Med, MSc gq



Nanomedycyna
Scaffolds.....

« Various textures and materials
* Encourage cells to grow
Allow nutrients to permeate
‘5'?3;%-’:?% Won't harm the patient

:7;.;-‘ o —-.—ﬂ-‘;.‘-;‘ -
S s T - iV T ——
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Nanomedycyna

¥ Bioabsorbable polymers

BioFlex |

® Controlled polymer Sl il

application

®" Non polymer release
(porous surface)

Directional Drug Delivery...
® Selective coating on the outside

surface of the stent

®* Reduced drug/polymer Luminal
surface BMS

® Drug only where needed

24.11.2020 Dr. Varvara Karagkiozaki, Med, MSc g2



Kropki kwantowe + bio

T2-MP EVITAGS

Fusctione! Ligid Coatwg o
Non-heavy Metal - InP Based, Water 08880, 00, ,
e s .
Stabilized Quantum Dots L Sestilen e
- ;
245 Sl ° 8 e O s
. s - .e -
¢ !" . ® .'. .
oGP Core A o0 , oo
N v
- s® q. ®
& * e”
: 1
. ~
g .
® @9 v e ’
LN e 20 nm
} > . . . s
T2-MP EviTag - InGaP/Zn8 with Lipid A PbSe Quantum Dot as
Molecular Plate™ Shell o4 -
1588, seen through a transmission
e electon microscope (TEM).

CdSe Core EviDot CdSe/ZnS Core-Shell EviDot
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
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Kropki kwantowe + bic;)f'"i

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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Magnetyczne kropki kwantowe

4 Databanaper.

8.00 nm

[z )1 01, O
& 10k 0

£ DataManager,
File Edit C

i |1 0K to 00K, 0T

oeccooeens

100.0 2000 2000 [K]

Michat Bystrzejewski, Andrzej Huczko, Hubert Lange
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Magnetyczne kropki kwantowe

8.00 I'»]ll.’]"l
o

iy L i Pracownia Fizykochemii Dielektrykow i Magnetykéw
VERSYTET WARSIAY Jacek Szczytko Ewa Gérecka, Pawet Majewski, Jadwiga Szydtowska, Adam Krowczynski
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Magnetyczne kropki kwantowe
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Photograph by Felice Frankel
£ 2005 National Geographic Socicty. Al rights reserved.
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Akademia Gorniczo Hutnicza
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Magnetyczne kropki kwantowe

Nanomagnetic Particle

Molecular imaging & therapy

Site of Action

€M Signal 2 4
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Magnetyczne kropki kwantowe

Nanomagnetic Particle

Sobd Tumaor

Appied Electromagnatic
Feald To Release Drug
From NMP

Site of Action

€M Signal 2 4 N
-
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Magnetyczne kropki kwantowe

Nanomagnetic PartiCleNANOPARTICLES INTERNALIZED 7 o

IN CELLS Brain (newrological diseases:

Parkinson's, Alzheimer's disease)

P (Asthma, bronchitis, emphysema,
w cancer)

N
*Circulatory (Artheriosclerosis, vasoconstriction,

z \ system thrombus, high blood pressure)
ingestn ' :
‘ (arrythmia, heart disease, deatk)
Gastro-intestinal
system

(Crohn's disease,
colon cancer)

(disease of unknown
4“‘" . ctiology in kidneys, liver)

~Lymphatic ( Podoconiosis,

nptant system Kaposi's sarcoma)

wear debris

(Auto-tmmune diseases, )
dermatitis, urticaria, - (Auto-immune diseases,
vasculitis) Skin dermatitis)

EM Signal 2 S, o -t
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Zagrozenia

Paul Karason

Argyria
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Sferyczne kropki kwantowe

Schematic illustration of bioconjugation
methods. (a) Use of a bifunctional ligand
such as mercaptoacetic acid for linking QDs
to biomolecules [8**]. (b) TOPO-capped QDs - _ - i
bound to a madified acrylic acid polymer by S'GHE'GD'NH@ = {:@
hydrophobic forces. (¢) QD solubilization and

bioconjugation using a mercaptosilane
compound [7**]. (d) Positively charged

(a) Bifunctional linkage (d) Electrostatic attraction

biomolecules are linked to negatively (b) Hydrophobic atiraction
charged QDs by electrostatic attraction [9]. COOH
(e) Incorporation of QDs in microbeads and O_PM/"JITHNDG CO-NH-bi
nanobeads [20%]. = —~HNOG

I COOH

(e) Manobeads
(c) Silanization

I 1 P \ 2 "
stsl.-o-gnw@ 2% o9 “CHCO-NH-{bio Q
2,0 -
=]

Current Opinion in Biotechnology

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

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

;}C'.__: T

—
=
hy
I
¥ i
QD capping

I
s S Vs
) ligand TOPO

Amphiphilic
polymer coating

. e Affinity ligands: antibody, peptide,
] small-molecule drug, inhibitor, etc
Current Opinion in Biotechnology

The structure of a multifunctional QD probe. Schematic illustration showing the capping ligand TOPQO, an encapsulating copolymer layer,
thylene gl

tumor-targeting ligands (such as

24.11.2020




Sferyczne kropki kwantowe

Synthesis of multi-shell nanocrystals by a single step coating process, Nanotechnology 2006

(a)

Mole Ratio

D
o

PL peak position (nm)
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e
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Quantum Yield =
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Wydajnos¢ kwantowg
fluorescencji definiuje
sie jako stosunek liczby
wyemitowanych
fotondéw do liczby
fotondw promieniowa-
nia wzbudzajgcego,
pochtonietych przez
substancje w tym
samym czasie i tej
samej objetosci.

Figure 1. (a) Elemental ratios of Cd to Se and Zn to Se (measured by ICP), (b) a conceptual drawing of the CdSe core — CdSe/CdS

core/shell — CdSe/CdS/ZnS core/multi-shell structure, and (c) PL peak positions, and QYs of CdSe/CdS/ZnS nanocrystals taken at different

time intervals 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
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Sferyczne kropki kwantowe

Current Opinion in Chemical Biology 2006, 10:423-429 Nanoscale controlled self-assembled monolayers and quantum dots
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Figure 5

Fluorescence micrographs of QD-stained cells and tissues. (a) Actin
staining (green QDs) on fixed 3T3 fibroblast cells. (b) Live MDA-MB-231
breast tumor cells labeled with a red QD-antibody conjugate

targeting the urokinase plasminogen receptor. (c) Intracellular

labeling of live mammalian cells using QD-Tat peptide conjugates
[25°°]. (d) Frozen tissue specimens stained with QDs (targeting the
CXCR4 receptor, red) and a nuclear dye (green).

In vivo targeting and imaging with QDs. (a) Ex vivo tissue examination
of QD-labeled cancer cells trapped in a mouse lung [44°).

(b) Near-infrared fluorescence of water-soluble type Il QDs taken up
by sentinel lymph nodes [49**]. (c) In vivo simultaneous imaging of
multicolor QD-encoded microbeads injected into a live mouse [25°°).
(d) Molecular targeting and in vivo imaging of a prostate tumor in
mouse using a QD-antibody conjugate (red) [25°°].

24.11.2020 110



Sferyczne kropki kwantowe

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,

£
o
I

;

+/
o

'y
l%’&?y’)

Figure 1.

Anatomical structure of Hydra vulgaris

Figure 18.

Fe,0, Labelling Hydra with nanocrystals
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Sferyczne kropki kwantowe

Magnetic
Quantum

Composite with A Novel Structure for Active Sensing in Living cells

(D Cobalt core : active manipulation

# diameter : ~10nm

# superparamaanetic NPs

— manipulated or positioned by an
external field without aggregationin
the absence of an external field

Justin Gallowa
Y (& CdSe shell : imaging withfluorescence

# thickness: 3-5nm

# visible fluorescence (~450—-/700nm)
@ Silicashell : bio-compatibility &

functionalization with specific

@ ability to tune the band gap

— by controling the thickness, able to
tune the emission wavelength.i.e.,

targeting group emission color

# thickness: ~10nm

# bio-compatible,

(@ InS shell : electrical passivation

# thickness: 1-2 nm
& non-toxic to live cell functions

. . # havingwider band gap (3.83eV)
# stable in aqueous environment thanCdSe (1.91eV)

# ability to functionalize its surface # enhancement of QY

with specific targeting group _, CdSe (5-10%) = CdSe/InS (~50%)
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50x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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100x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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200x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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400x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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800x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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1500x
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http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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3000x

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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6000x

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

fysokosc wloskow 2 mm, sredmea 200 nm
1 cm® = 10* wlosow moze utrzymac cigzar 1 kg

http://www.microscopy.fsu.edu/primer/java/electronmicroscopy/magnifyl/index.html
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IN THIS ISSUENATUREINSIGHT : THELARGE HADRON COLLIDER

19 July 2007 | www.aature.com/mature | €10 THE INTERNATION

PMMA on Si PMMAJSi Master

lPDMS

THE DARK SIDE
Tracking the
‘missing’ Universe
EUROPE DIVIDED
The megaflood that
made the Channel

OUT OF AFRICA
Fossils complete
the picture

GECKOS \ il
WITH MU SSE I- Texas highlights

Nature 448, 338-341 (19 July 2007) Combining to produce a powerful
15T new biomimetic adhesive 123
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Nano i bio (DNA) ~ |

Vol 440(16 March 2006|doi:10.1038 /nature04586 nature

Folding DNA to create nanoscale shapes

and patterns . o éw@\‘
Paul W. K. Rothemund' Q ROGANAD
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Nano i bio (DNA)

nauure hnol LETTERS
nanotec no Ogy PUBLISHED ONLINE: 16 AUGUST 2009 | DOI: 10.1038/NNANO.2009.220

Placement and orientation of individual DNA
shapes on lithographically patterned surfaces

Ryan J. Kershner', Luisa D. Bozano!, Christine M. Micheel'f, Albert M. Hung'’, Ann R. Fornof'f,
Jennifer N. Cha'f, Charles T. Rettner', Marco Bersani'f, Jane Frommer!, Paul W. K. Rothemund?*

and Gregory M. Wallrafft*

"IBM Almaden Research Center, San Jose, California 95120, USA,

a b
Photoresist Expgsure
Template layer —-
[TMS micnolayer )
or DLC film Substrate
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Figure 1 | The problem of random DMA nanostructure deposition and a ithographic scheme for addressing it. a, Synthetic scheme for DMNA origami
triangles (left) and atomic force microsoopy height image (right) showing random deposition on mica. The triangles’ edges are ~127 nm; scale bar, 100 nm.
b, Fabrication of DMNA origami binding sites. The inset highlights differentiation of the background and features (background/features) for the trimethylsilyl

24.11.2020 (TM5) monolayer and diamond-like carbon (DLC) films. Silanol groups ocour in oxidized areas of the TAMS monolayers. Features etched into the ~10-nm
S DLC template layer are 0.5-15 nm deep. Mo silicon is exposed; such surfaces have DLC features on a DLC background, and so we refer to them as ‘DLC /DLC.
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Placement and orientation of individual DNA
shapes on lithographically patterned surfaces

Ryan J. Kershner', Luisa D. Bozano!, Christine M. Micheel'f, Albert M. Hung'’, Ann R. Fornof'f,
Jennifer N. Cha't, Charles T. Rettner!, Marco Bersani't, Jane Frommer!, Paul W. K. Rothemund?*
and Gregory M. Wallrafft*

'IBM Almaden Research Center, San Jose, California 95120, USA, ‘Department of Bioengineering, Computer Science, and Computation & Neural Systems,
California Institute of Technology, Pasadena, California 91125, USA; 'Present address: University of Wisconsin, Madison, Wisconsin 53706, USA (R.K);
The Mational Academies, Washington DC 20000, USA (CM.M); Department of Nanoengineering, University of California, San Diego, California 92093,
USA (AM.H, LN.C); Center for Nanoscience, Ludwig-Maximilians Universitat, 80799 Munich, Germany (AR.F); Dipartimento di Fisica, Universita

di Padova, |-35131 Padova, Italy (M.B.). *e-mail: pwkr@dnacaltech.edu; gmwall@almaden.ibm.com

Figure 4 | Placement of triangles onto a variety of shapes.

a, Scheme showing how one, two, three, four or six DNA triangles are
expected to bind sites with the shape of a unit triangle, rhombus, trapezoid,
double-sized triangle and hexagon. b, AFM of results on DLC/DLC; unit
triangle is ~120 nm. Yellow outlines highlight examples with well-oriented
triangles. Inset: Scanning electron micrograph of Au/Cr islands on Si
created by liftoff using a similar electron-beam pattern. These liftoff-
generated patterns are used to calibrate the electron-beam dose (i) to
optimize the sharpness of shapes and (ii) to ensure complete resist removal
(if incomplete, islands do not adhere). Scale bar, T m.
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Novel Lithography Technique
Combines Speed With Accuracy

A combination of top-down and bottom-up
techniques could extend capabilities of both
lithography and DNA origami

By Dexter Johnson

SCIENCE ADVANCES | RESEARCH ARTICLE

APPLIED SCIENCES AND ENGINEERING

Plasmonic nanostructures through
lNlustration: M. Kostiainen e;nd V. Linko DNA—aSSiSted Iithog raphy

This graphic shows how DNA origami
shapes are transformed into metallic
nanostructures in a new process.

https://spectrum.ieee.org/nanoclast/semiconductors/nanotechnology/novel-lithography-technique-combines-speed-with-accuracy
24.11.2020
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A Seemantile Bowtie origami Chiral double-L

Fig. 1. DNA origami designs, a step-by-step fabrication procedure of the DALI method. (A) Top: Designed DNA origami shapes (from left to right): ST, BO, and CDL.
Middle: AFM images of the folded structures on a mica substrate. Bottom: Scanning electron microscopy (SEM) images of gold nanostructures created by the fabrication
method described in detail in (B). The AFM and SEM images are 150 nm x 150 nm in size. (B) Steps of the fabrication procedure. Step 1: A transparent sapphire (Al,O3)/
silicon nitride (SisN,) chip is freshly cleaned by acetone and isopropanol. Step 2: An amorphous silicon layer is grown on top of the substrate by PECVD. Step 3: The
substrate is treated by oxygen plasma, after which the DNA origami nanostructures (BO shown here as an example) are drop-casted on the chip. Step 4: The silicon dioxide
(SiO,) layer is selectively grown on the bare silicon by CVD, leaving DNA origami-shaped silhouettes in the layer. Step 5: Using the grown SiO, layer as a mask, the silicon
underneath is etched away by RIE. Step 6: The metal is deposited onto the chip using PVD in ultrahigh vacuum. Step 7: The SiO, layer is removed in a liftoff process using
hydrogen fluoride-based wet etching. Step 8: The remaining silicon is removed by RIE, thus leaving the DNA origami-shaped metal nanostructure on the substrate.
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Self-assembly of a nanoscale DNA box with a
controllable lid
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Self-assembly of a nanoscale DN
controllable lid

Supplementary Figure 1. Mechanism for signal-induced opening of the DNA hox.
a. An atomic model of the DNA box held closed by “locks™ (orange and blue) that are
double helices formed by two short strands protruding from the lid and the main box.
respectively. Each “lock™ has a small sticky-end where a “key” sequence signal can
bind and open the “lock™ by strand displacement. If both “locks™ are opened the lid of
the box 1s effectively opened (b). The reporter system for detecting the lid opening 1s a
Cv3-Cy3 FRET system. In the closed state the two fluorophores are in close proximity

resulting in FRET emission from Cy3 (red star) when Cy3 1s excited. In the open state
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3 MAY 2002 VOL 296 SCIENCE 892

24.11.2020




Virus Biotemplating
\
Vi

2/
SCIENCE VOL 312 12 MAY 2006 885 M13 Virus/////

Nano i bio

- - /7/ 4 ‘
Virus-Enabled Synthesis and Assembly 7 Au-Co,0,

of Nanowires for Lithium lon 4
Battery Electrodes i

Ki Tae Nam,™* Dong-Wan Kim,™ Pil ]. Yoo,** Chung-Yi Chiang,™* Nonglak Meethong,® Assembly
Paula T. Hammond,>* Yet-Ming Chiang,* Angela M. Belcher' "¢ Engineering

Macroscopic Self Assembly of Virus

Co nucleating motif
(EEEE)

¢ Au binding motif

% (LKAHLPPSRLPS)

24.11.2020

Anode Electrolyte Cathode



Nano i bio

SCIENCE WVOL 312 12 MAY 2006 885

Self-assembled
virus/cobalt oxide




Nano i bio
SCIENCE WVOL 303 9 JANUARY 2004 213
Virus-Based Toolkit for the
Directed Synthesis of Magnetic
and Semiconducting Nanowires

Chuanbin Mao,'* Daniel ). Solis,** Brian D. Reiss,”
Stephen T. Kottmann,* Rozamond Y. Sweeney,” Andrew Hayhurst,?
George Georgiou,®? Brent Iverson,’? Angela M. Belcher®}

A o0 e

B j,\ g
1 / %
f ,

100 nm




Nano i bio

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

Kheireddine El-Boubbou.’ Cvndee Gruden * and Xuefei Huang*rT
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Figure 1. Schematic demonstration of pathogen detection by MGNPs.
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Figure 2. (a) Representative fluorescence microscopic images of captured
E. coli. The concentration (cells/mL) of bacteria incubated with MGNP 3

1s indicated on each image (see Supporting Information for experimental
details). (b—d) TEM images of MGNP 3/E. coli complexes. m
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DNA w nanotechnologii

Nici DNA ma czastecekach X | Y uzupsiniags sie
spotkajq sie w odpowiedmich warunkach
| powstaje podwding helisa DNA znana
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JAK POWSTAL
KRYSZTAL Z DNA?

Lacrgoe sig 28 pomnocy DNA nanoczgsteceki
utworzyty srysatal ziola, Powstals w ten sposdty
Struktura shiadala sie w 5 proc. 2 nanotzastecaek

I w S proc. z DNA. Pozostate 90 proc. wypeiniata woda,
kthrg mozna zastapit Inmym matenalami

Chad Mirkin z Northwestern University Brookhaven National Laboratory (BNL)

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

Nan-Rong Chiou, Chunmeng Lu, Jingjiao Guan, L. James Lee & Arthur J. Epstein
Nature Nanotechnology 2, 354 - 357 (2007) Published online: 27 May 2007
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Figure 1. Optical microscope image of
Nanobarcodes™ particles.

.
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Figure 3. Microfluidic cord in use. The card
interfaces with the microscope, automated
fluidics, an ultrasonic transducer for mixing,
and a capture electromagnet with focusing
cone (located beneath the card).
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RECEPTION

Radio wave

Antenna of nanodimensions detects aradio wave
by vibrating at the same frequency as the rapidly
oscillating signal.

Radio wave

Positively charged
counterelectrode

Negativel
charged
electrode
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Magnetyczne krysztaty fotoniczne
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Magnetyczne krysztaty fotoniczne
@ DOl 101002 fanie 200707992

Highly Tunable Superparamagnetic Colloidal Photonic Crystals®*

Jianping Ge, Yongxing Hu, and Yadong Yin*®
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41 nm :
Figure 3. Reversible optical responses of 93-nm Fe;O4 colloidal pho-
tonic crystals to varying external magnetic field. Diffraction peaks blue-
shift (2) as the magnet-sample distance decreases from 3.1 to 1.8 cm,
zvi red hi® b) as the distance increases from 1.8 to 3.1 ¢m in step
sizes of 0.1 ¢cm in both cases.
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Zawiesina nanomagnesow
w polu magnetycznym

Piotr Habdas have been assembled and disassembled in a
solution of suspended particles in a controlled
way, scientists at the National Institute of

http://www.physics.emory.edu/~weeks/lab/pics.html Standards and Technology (NIST) report.
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Co dalej?

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

* Badania nad nanotechnologia i jej zastosowaniami prowadzg do problemow
etycznych (ale jakie badania nie prowadzg?)

* Istniejg technologie niebezpieczne i akceptowalne spotecznie (np. samochody) i
bezpieczne i nieakceptowalne spotecznie (np. energetyka jagdrowa, GMO)

* Nowe technologie wymagajg spotecznej akceptacji — powinni o nig zabiegac sami
naukowcy

* Dbanie o bezpieczenstwo nowych technologii jest w interesie spoteczenstwa i samych
naukowcow

in2ynieri=

nanoscrukEur
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Podsumowanie

Demonstracja uliczna w Grenoble
przeciwko otwarciu MINATEC (1 lipca 2006)
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Co dalej? |

GORDON MOORE 1

Parowoz dziejow

Przez ostatnie 40 lat na badania technologii mikro

krzemowej wydano bilion (ang. trillion) 102 USD
mili
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From macroscopic to nanoscale electronics
copper (~1 pum) organic molecules (~0.3- 3 nm)

Source

transistor:
(FET) 4 . _ .
Gate @ - CZHCSHZ

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

; ... >4-terminal complex logic elements
ST >3- and 4-terminal junction




Laser Light

Microwave

lllustration 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.




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
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Konstrukcja diagramow pasmowych
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Konstrukcja diagramow pasmowych

(iv) depletion i accumulation
layer - \ layer (2DEG)
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/ heterojunction

Przesuwamy tymczasowe linie EZ4 w EZ i E2 w E}, a nastepnie taczymy ze sobg w miejscu
heteroztgcza. Pojawiajgce sie nieciggtosci dopetniajg szkic heteroztacza.
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