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Rozdeleni mikroskopickych metod podle rozliSeni

OPT: opticka mikroskopie

SNOM: mikroskopie blizk¢ho pole Al

: elektron.rastr.mikroskopie —
(HR)TEM

HRTEM: transmisni

el.mikroskopie
STM, AFM

Tunelova mikroskopie,
mikroskopie atomarnich sil

10° X, Ynm



Mikroskopie rastrovaci sondou
canning Probe Vicroscopy

parametrické
zobrazeni
povrchu

XYZ polohovy systém




Rozdéleni SPM podle druhu prenasené informace

Elektrony - tunelova mikroskopie STM/ECSTM,
vodivostni AFM CAFM (PFTUNA)
lonty - elektrochemicka mikroskopie EC STM/AFM
Silové interakce - mikroskopie atomarnich sil AFM/ECAFM

Prenos elektromagnetického zareni — optické metody

- IC - Termalni mikroskopie ThM

- UVIVisl/IC - opticka mikroskopie/spektr. blizkého pole SNOM
- Hrotem zesilena opticka mikroskopie/spektr. TERS/TEFS
Detekce Elektromag./elektrostatic. pole

- Kelvin probe microscopy KPFM/Surface Potental Microscopy




Tunelova mikroskopie
Binning, Rohrer, IBM, 1981, Nobelova cena 1986

h=h/2n, f 1s(Vg)..redukovana Planck.konst.




Tunelova spektroskopie barierova (distancni)

Dgampic » Prip, 10kalni vystupni prace, I; tunelovy proud,
Z vzdalenost hrotu od vzorku, m, hmota e-

vyska bariéry
(eV)

z (&) kontakt




Tunelova spektroskopie napéetova

d/;/dVg = lokalni povrchova hustota stavu
skutecnych nebo pochazejicich z usporadani
vnitini pasové struktury vzorku
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Somple Bios | II.III = Energy |

Poskytuje: mapu povrchovych stavi (v UHV)
zobrazeni zaplnéni stavl, :
ad-atomu a volnych vazeb (dangling bonds) ... I |




Tunelova mikroskopie - topografie




Tunelova mikroskopie — topografie x artefakty
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Elektrochemicka tunelova mikroskopie
EC STM

lectro hemical canning '‘unneling ' 'icroscopy



EC STM:
Detekce tunelovych proudu pri EC experimentu
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Hrot sondy EC STM

500 E, mV (MSE)

Voltammetry of Pt-Ir STM tip (polymer coated)
in 0.1 M H,80, (deoxygenated)
v =200 mV/sec
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EC STM: Self-Assembled Vionolayers

Snmx 5 nm

50nmx 50 nm

5nmx 5:nm

S50 nmx 50 nm S50 nmx 50 nm




Tip-assisted ,,nanoprint®
Hrotem (STM) deponované nanocastice Cud=28 nm, h<1 nm

A X 50.000 nm/div
Z 2.000 nm/div

Cu clusters on Aulll




Mikroskopie atomarnich sil
a odvozene techniky

tomic orce 'icroscopy



AFM

Silové interakce

magneticke, kulombicke

nekontaktni rezim

van der Waals (dipol-dipol, indukce dipol-nepolarni m.)
semikontaktni rezim
vazebne interakce (atraktivni), repulzivni (defermacni)




AFM

vertikalni poloha hrotu
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prohnuti pruZiny




AFM - silova krivka

sila pusobici
na pruzinu F = -kz (Hook)
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Bod minimalni deflexe na
oddalovaci krivce je bod
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AFM:
hrot a pruzina (cantilever)

méritko 5 ym

_— 19¥® F1 L@

HBD® 18mm




AFM v oblasti repulsivnich sil: Kontaktni rezim
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. AFM zobrazeni: kontaktni rezim




Vodivostni silova mikroskopie

onductive orce !licroscopy (CFM)
neling “FM (TUNA)

Electrostatic interaction

between tip and sample.
Spreading Resistance imaging

Constant Force mode .

conductive tip
(B-doped diamond, n-doped 5i)

Carotenoid embedded in 1-docosanethiol attached to Au.
Current measured between biased Pt-coated AFM cantilever

and Au substrate.
Maximum current (I ) vs. contact force. V. Phys. Chem. B 103 4006-4010 (1999)]

Copyeight (T) NT-MDT, 2002
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AFM v oblasti repulsivnich sil:
Kontaktni rezim — indentace
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Kontaktni rezim AFM — mapovani adhesivnich sil:




Mapovani adhesivnich sil - lateralni

KONTAKTNI REZIM
LATERALNI SiLY

fotodetektor
fotodetektor
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AFM - Dynamicka silova spektroskopie
(DFS)




AFM materialova analyza povrchu Zr/Nb/ZrO,

Topography




Mapovani adhesivnich sil — axialni

Functionalization AFM cantilever
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PeakForce QNM: Quantitative Nanoscale Mechanical analysis

PeakForce QNM Quantitative Nanoscale

Mechanical analysis s vyuzitim silové krivky
poskytuje zobrazeni v rezimu

i) Topografie (vyskové)

ii) Mapovani povrchovych nanomechanickych viastnosti
(adhese, tuhost/Y,,, deformace, disipace)

extrahovanych z riiznych oblasti silové kfivky

PeakForce QNM skenovani probiha ve dvou

segmentech:

PeakForce ( )Tapping (f ~ 2kHz):

« Zpétnovazebny rezim zabezpecujici periodicky kontakt s

povrchem a poskytujici jeho vySkoveé zobrazeni (topografii)
QNM:

* Periodicky generuje silové kfivky, z jejichz ¢asti extrahuje
kvantitativni materialove vlastnosti vzorku.




AFM PFQNM - interpretace silove krivky

Figure 2.5f Force curve, Force vs. distance
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AFM PFQNM - interpretace silové krivky -
deformace

Figure 2.5j Deformation

Deformace:

Stla€eni povrchu F, ., (Peak Force) po odecéteni
prahybu cantileveru. Mize zahrnovat elastickou a
plastickou ¢ast.

Prevaha plastické deformace = tvrdost.
Max.deformace = distancni rozdil mezi F =0 a
Peak Force.

Deformation Fit Region
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AFM PFQNM - interpretace silove krivky -
adheze

Figure 2.5¢ Adhesion on a PS+LDPE blend

Adheze - pritazliva sila hrot - vzorek.

Ve vzduchu: van der Waals, elektrostatika
(povrchovy naboj) a kapilarni sila (meniskus -
hydrofilita) => Hamakerova konstanta.
Kapilarni sila - adhese <10 nm nad povrch.
Polymery dlouhé retézce — meniskus >>10 nm
nad povrch.

F adhes™ dtipapex

Plocha: adhesni prace.

Farce (k)

Adhesion

40 a0
Separation (nm)




AFM PFQNM - interpretace silové krivky —
tuhost (Y,/DMT)

Tuhost (Stiffness) = odpor
kladeny elastické deformaci.
Vysoka hodnota Youngova

modulu => mala elasticka
deformace

kL

DMT modulus
fit region z ;

B
ha

,Redukovany® Young (DMT) modulus
ah  Foo = 4/3Yyrg,2® + Foqp
(Derjaguin, Muller, Toropov (DMT) aprox.)




AFM PFQNM - interpretace silové krivky -
disipace

Figure 2.5h Dissipation (shaded area) in a polystyrene (PS) and Low-density polyethylene (LPDE) blend

Disipace - rozptyl/preména energie v
kazdém cyklu. Hystereze energetické
bilance mezi zatézovym a odlehéovacim
cyklem (Integral plochy mezi
pfiblizovaci a oddalovaci krivkou.
Elasticka deformace nema hysterezi, coz
odpovida minimalnimu rozptylu energie.
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mix PS/LDPE

(Yos~3GPalY, ppe~0.3GPa)

AFM PFQNM -
Interpretace
silove Krivky

Figure 2.5d Adhesion map of a PS+LDPE blend
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map of a PS+LDPE blend
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AFM PFQNM - interpretace silové krivky
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AFM v kapaliné

3
4

drive piezo Tapping holder

Water
droplet




AFM v prubéhu EC experimentu: zobrazeni in situ

CANTILEVER

POTENCIOSTAT

PIEZO DRIVER

10.0

Cu deposit on HOPG bhasal plane removed by SPH tip
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ECAFM: hrotem zprostredkovana elektrodepozice

kovu (nano-vrstva) v kapce

) $—  metal salt

dissolved metal salt

surface-reduced

metal

Constant Force mode




ECAFM: hrotem indukovanéeé elektrochemickeé
vytvareni/rozpousteni oxidu (nano-vrstvy)

Thin oxide film

ALO; + 3H,0 + 20H™= 2AI(OH),”




Semi(kontaktni) rezim - tapping Akustic./mgt. buzeni
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Semikontaktni rezim (tapping) fazové zobrazeni
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AFM: artefakty
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Zobrazeni hrotu AFM




Mikroskop s rastrovaci mikropipetou

rozmitani

s mikropipeta

- vzorek
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Nanolitografie AFM s rastrovaci mikropipetou

prac.hmi




AFM in vivo: Scanning Force Endoscope

Physiological liquid

Arthroscope

Arthroscopic

instrument

stabilization stage scanning stage AFM stage

Diagnosing cartilage diseases at an early stage

healthy osteoarthritic

Institute of Microtechnology M.E. Miiller Institute (MSB)
University of Neuchatel Universtiy of Basel
R Imer M. Stol?
M. Stolz et al., Biophys. J. 2004; 86 3269-3283 N e Roo o Achl
U. Staufer
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Young’s Modulus

tensile stress o FJ/Ay _ Flg

E= — —— —
extensional strain € AL/Ly AoAL

4

AL

Where

E is the Young’'s modulus (Modulus of elasticity)
F is the force exerted on an object under tension
A, is the area where is force is applied

AL is the length change of the object

L, is the original length of the object
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