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Rozdeleni mikroskopickych metod podle rozliSeni

OPT: opticka mikroskopie

SNOM: mikroskopie blizkého pole yAdd

. elektron.rastr.mikroskopie —
(HR)TEM
HRTEM: transmisni

el.mikroskopie
STM, AFM

Tunelova mikroskopie,
mikroskopie atomarnich sil
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Mikroskopie rastrovaci sondou
canning Probe IVicroscopy

parametrickeé
zobrazeni
povrchu

Zpétna
vazbha

XYZ polohovy system




Rozdéleni SPM podle druhu prenasené informace

Prenos naboje
STIM/ECSIIM
(S)ECM

Sileve interakce - AEMIECAEM

Prenos elektromagnetického zareni
ThM
SNOM
TERS/TEFS



Tunelova mikroskopie a spektroskopie

canning | unneling '\/licroscopy;,
canning 'unneling Spectroscopy.



Tunelova mikroskopie
Binning, Rohrer, IBM, 1981, Nobelova cena 1986
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Tunelova spektroskopie barierova (distancni)

(/A2

~ (27N2m,)/h (D + D)

@, , D, lokalnivystupni prace, |+ tunelovy proud,
Z vzdalenost hrotu od vzorku, m, hmota e-

vyska bariéry

z & kontakt

Si-povrch, W-hrot/UHV




Tunelova spektroskopie napétova

vyrazdl;/dVy =lokalni povrchova hustoia
stavl (skutecnych nebo pochazeucmh Z
usporadani vnitrni pasoveé struktury vzorku)

Provedent:

Poskytuje: mapu povrechovych stavar (v UHV)
pouziva se k zobrazeni zaplneni stavu, ad-
atomu a volnych vazeb (dangling bonds)




Elektrochemicka tunelova mikroskopie
EC STM

lectrochemical Scanning lunneling VICroscopy



EC STM:
Detekce tunelovych proudu pri EC experimentu
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Vodivy hrot SPM v elektrolytu

DOUBLE LAYER REGION

@ ~ 0.1 eV, nonexponential tunneling

Halbritter resonant (intermediate) states (n) oriented dipeoles HOH-OH,

specif. adsorbed ions/molecules (shape resonances)

parallel along layer of oriented dipels dieff)=d/Ant+l1) == Eﬁ(eff)zg?ﬁf(n+1)
structural changes in layers of water molecules near the electrode

formation of clusters of water molecules in gap

Toney
Kaukonen




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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,Nanoprint“: nanocastice d28 nm,z <1 nm

7 ¥ 50,000 nm/div
Z 2.000 nm/div

Cu clusters on Aulll




EC STM: Self-Assembled Vionolayers

50nmx 50 nm 50nmx 50 nm

5nmx5nm 5nmx 5nm

50nmx 50 nm 50nmx 50 nm




MIKTrOSk o,) e atomarnich sil
ATOMIC ~0Orce VICroScopy.




AFM

Siloveé interakce

magneticke, kulombicke

nekontaktni rezim

van der Waals (dipol-dipol; indukce dipel-nepolarni m.)
semikentaktnitrezim
vazebne interakce (atraktivni), repulzivini (deformacni)




AFM: Funkce




AFM — silova krivka

sila pusobici

ha pruzinu k...konst.pruziny
0,01-1 N/m
(cantilever)

vzdalenost od
povrchu h

Rezim: semikontaktni nekontaktni



AFM:
hrot a pruzina (cantilever)




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




Vodivostni AFM

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 An_substrate. [, Phys. Chem. B 103 4006-4010 (1999)]

Maximum current () vs. contact force.

NT-MDT, 2i02

200 400 600 800 1000
Contact Force [nN]




AFM: artefakty

skenovani skenovani
skenovani

HROT
AFM

vzorek

vzorek




artefakty
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AFM: Pritazlive sily- adhese, vazebné interakce




AFM adhesivnich sil: lateralni (LFM)

KONTAKTNI REZIM
LATERALNI SILY

fotodetektor
fotodetektor

1000 m

vzorek

oblast zvétSenych
tiecich sil

uhel .pl ekrouceni —.
pruZiny

treci sila




AFM — Dynamicka silova spektroskopie
(DFS)




AFM-DFS materialova analyza povrchu Zr/ZrQO,

Topography




AFM materidlova analyza povrchu Zr/Nb/ZrO,

TO p 0] g rap h y 100mm




Semikontaktni rezim (tapping) Akustic./mgt. buzeni

C=2NOLIOND

"V"cantilever (k= 0.58 N/m)
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Semikontaktni rezim (tapping)

0 5

Distance z(nm)



Semikontaktni rezim: Chemicka identifikace atomu (UHV)

0
5-1
S-2
s
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123456789
tip-surface distance [R]

—— Van der Waals force

—— Short-range chemical force ' % Sn-Siralative interaction
\ \ ratio77%

—— Total force

Atom counts

0.0 04 08 1.2 1.6 2.0 24
Maximum attractive total forces (nN)




AFM adhesivnich sil axialni

prohnuti pruZiny prohnuti pruZiny

priblizovani ' pribliZovani

vzdalovani




Adsorpce proteint na zubni skloviné

Functionalization
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AFM s modifikovanym hrotem
semikontaktni rezim (tapping): vazebné interakce

hrot AFM funkcionalizovany
systémem ligand-receptor

f hiotin
s avidin




AEM: bezkontaktni rezim




Bezkontaktni AFM: Mikroskopie magnetickych sil
agnetic ~orce Microscopy

1. topography 2. mag. forces
graph :

=

h(topo) I 1 I F(mgt)

X 10.000 pw/div
Z S50.000 nW/div

Magnetic Test Track on Hard Disk

i 4 . y 3 2 nag est.hin
van der Waals. forces noncontact imaging gtest.nf
(semicontact)




Mikroskopie atomarnich sil' (AEM)
V. Kapalinachn




AFM v kapalinée

cantilever

drive piezo Tapping holder

Water
droplet

™ gyringe




AFM adhesivnich sil - axialni
(semikontaktni rezim in situ)

100 200 300 400
Surface separation {nm)




kapalina/pevna latka
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kapalina/pevna latka

Ve

V4

Iny na mezifazi

Nanobubl

\/

Prohnuti cantileveru

Jopografie



AFM In vivo: Scanning Force Endoscope

Physiological liquid

instrument i ;
: %
]

Arthroscopic
stabilization stage : scanning stage - AFM stage

Diagnosing cartilage diseases at an early stage ! ; : E !
1

healthy osteoarthritic - - -
Institute of Microtechnology M.E. Miiller Institute (MSB)
University of Neuchatel Universtiy of Basel
= — = R I_mer M. Stol?
M. Stolz et al., Biophys. J. 2004; 86 3269-3283 N o Achl
U. Staufer



AEMV elektrochemickycn aplikacich




AFM v prubéhu EC experimentu: zobrazeni in situ

CANTILEVER

POTENCIOSTAT
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Hrot-cantilever v rezimu SECM

doped
Si/SiNitride,
Diamond
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AFM-SECM v objemu

200 ym [ Thm
|_| WD= 3tmm EHT=1500kV Signal A=SE2 Grand. = 10.00KX | WD= 8mm  EHT=500kV SignalA=lnLens SRMP

AFM-SECM

WE2 (CE)

Piezoelectric
Actuator

quasi-reference
electrode




Vodivy hrot AFM-ECM pro praci v tenke vrstvé kapalin

parylene insulation
layer

3 /
Constant Force mode T A ~

- - - contact mode
— tapping mode

Cantilever with 100 nm
Au insulated with 700
nm Parylene.

LSV: SECM-AFM tip

reshaped AFM tip in 20 mM Ru(NH3)/0.5

gold frame microelectrode M KCI soln; 100 mV/s.
REgE: IRgRs SUlinm ---LSV at contact mode
__ LSV at tapping




ECAFM: hrotem zprostredkovana elektrodepozice
kovu (nano-vrstva) v kapce

"4—_  metal salt

. ! o, |
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ECAFM: hrotem indukované elektrochemicke
vytvareni/rozpousteni oxidu (nano-vrstvy)

MYy Formovani vodniho menisku na hydrofilnim

Thin oxide film

ALO; + 3H,0 + 20H = 2AI(OH),”



SPM nanemanipulace & nanolithegraiie




Interakce sonda-povrch vzorku
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Cu deposit on HOPG hasal plane remwov ed by SPM tip




Manipulace na molekularni trovni

DNA Manipulation: Pushing DNA Manipulation: Cutting

Ning Xi

Department of Electrical and Computer Engineering

Michigan State University



Mikroskop s rastrovaci mikropipetou

rozmitani

P

_mikropipeta

~ vzorek
rd

F. Iwata



Nanolithografie AFM s rastrovaci mikropipetou

prac.hmi
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Laborator mikroskopie rastrovaci sondou

Pro praci v kapalinach a plynech
RozliSeni ~ 0,1 nm

Pro praci v kapalinach a plynech
RozliSeni ~ 0,1 nm

pro praci v kapalinach a plynech
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