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Microscopic methods/resolutions

OPT: Optical Microscopy

SNOM: Scanning Near Field
Optical Microscopy

SEM: Scanning Electron
Microscopy
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SPMs by information ' -

Electron - tunneling microscopy STM/E’ 5TM,
conductiv. AFM CAFM . -TUNA)
lon - electrochemical mic >scopy EC STM/EC AFM
Force intera~tions - atomic "orce microscopy AFM/ECAFM




Tunneling Microscopy
Binning, Rohrer, IBM, 1981, Nobel Prize 1956
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Tunneling barrier (distance)‘spectroscopy

Ds.mple » Prip l0cal work functions, /; tunneling current,
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Tunneling voltage spectroscopy

d/;/dVy = local surface density of states real
or derlved from internal band arrangement
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Yields: map of surface.states (in UHV) Sonple Bos 0) = vy )
shows filling of states, ad-atoms
free'(dangling) bonds...




Tunneling microscopy — topography
uniform surface e-density
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Tunneling microscopy — tepography
nonuniform surface e-density =>artefacts
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EC STM:

Detection of tunneling currents in EC experimental setting
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Probeltip for EC STM
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EC STM: Imaging Self-Assembled
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Tip-assisted ,,nan@print®
STM tip-deposited nanoparticles Cu'd2 8 nmph <1 nm

/X 50.000 nm/div
Z 2.000 nu/div

Cu clusters on Aulll
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AFM

Force Interactions
Range/mode

Long - magnetic, coulombic - noncontact
van der Waals (dipol-dipol, induced - dipel-nonpolar)

binding (attractive) intéractions, repulsives(deformation) —

ex-situ /in fluids

Conductive AFM (CAFM) Tunneling AFM (TUNA) (!)
Electrochemical AFM (EC AFM)

Scanning Electrochemical Microscopy (SECM)




AFM fundamentals

Photo Detector
A

Constant piezo extension Constént orce
Feedback “OFF” vertical position of tip Feedback “ON”




AFM fundamentals — for¢Ge curve

Force acting on
cantilever (spring)

contact F = -kz (Hook)

retracting k...spring const.
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AFM Probe:
Tip and spring (cantilever)

—_— 19¥® F1 L@
Lol

b @ 1dmm




o)

«b)

o)

a

Scanning in sel




AFM in repulsive forces:)Contact Mode







- AFM imaging in contact mode




Contact mode AFM - repulsive forces
— indentation, nano-lithography

i
7 .
’__/ matrix




Contact mode AFM — attractive forces:

Adhesion
Friction




Attractive Lateral Forces (friction) fornmaterial
analysis (LFM)

Contact Mode

Lateral Forces
photodetector . =~

region of increased friction forces
angle of twisting —
cantilever

frictionforee. | < [ 1 __
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Contact mode AEM —
Dynamic Force Microscopy/Spectroscopy (DFM/S)




AFM DFS material analysis - Zr/Nb/ZrO,

Topography




Attractive axial forces for ,,chemical“ analysis

Stretching molecules between cantileveriip and sample

Reference:
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Functionalization AFM cantilever
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Techniques combining AFM and e-conductivity

Contact mode;
onductive orce Icroscopy (CFM)

Non:-contact mode ( ):
neling FM (TUNA)



onductive orce icroscopy (CFM)
neling “FM (TUNA)

FElectrostatic interaction

between tip and sample.
Spreading Resistance imaging

Constant Force mode .

conductive tip
(B-doped diamond, n-doped 51)

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)]

Coppright (C) NT-MDT, 2002
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PeakForce Tapping/QN
Complete force curve is collected at e point,c

For

- 3D Topography (contact, hc Yht) a ~hosen Peak Force

- uantitative anoscale ech: nical « i alysis:
Mapping surface nanome: (anical properties

)
a)

extrar’ .u . 1ultaneous / from various regions of force curve.

Fec hack - .t by Peak Force (contact)Tapping




Figure 2.5f Force curve, Force vs. distance

g%nerates complete force curve Periodic contact with surface
atevery point of scanning contact 3D (height) images
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AFM PFQNM —interpretationiof force curve:
Deformation

Figure 2.5j Deformation

Deformation:

Surface compression F, ., (Peak Force) after
correction to cantilever deflection. May include
elastic and plastic components.

Dominant plastic deformation = hardness.
Max.deformation = distance between F = 0 and
Peak Force.

Deformation Fit Region
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AFM PFQNM —interpretation of.force curve:
Adhesion

Figure 2.5¢ Adhesion on a PS+LDPE blend

Adhesion - attractive force tip-sample.

On air: van der Waals, electrostatic (surface
charge) and capillary force (meniscus -
hydrophilicity) => Hamaker constant.

Capillary force - adhesion <10 nm above surface.
Polymers with ilong chains — meniscus >>10 nm
above surface.

Farce (k)

F adhes™ dtipapex
Area between curves corresponds to adhesion
work/energy.

Adhesion

40 0
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AFM PFQNM —interpretationof forcexcurve:
Stiffness (Y,,/DMT)

Stiffness = resistance against elastic deformation.
High value of Young modulus => low elastic deformation

kL

DMT modulus

fit region 2 3

o
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,Reduced” Young (DMT) modulus
Fy, = 4/3Yy\rg,2° + Foqp
(Derjaguin, Muller, Toropov (DMT) aprox.)

Source: Bruker




AFM PFQNM - interpretation ofiforce‘curve
Dissipation

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

3n

Dissipation - transformation energy in
each cycle. Hysteresis of energy
balance between loading (approaching)
and unloading (retracting) cycle (area
between approaching and reattracting)
Elastic deformation: hysteresis => 0,
=> minimum energy dissipation

Source: Bruker

Source: Bruker
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Figure 2.5d Adhesion map of a PS+LDPE blend

Composite PS/LDPE
(Yps~3GPalY, ppe~0.3GPa)

AFM PFQNM -
interpretation
of forcé curve




AFM in liquidé
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PFQNM on soft layers - interpretation of force curve

adhesion
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objects:

-mass’. hano

Zero
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AFM imaging of

Gaseous nanobubbles on immersed surfaces




AFM-PFQNM of gaseous nanodoemains

- interpretation of forceiéurve

433 pN

Adhesion Dissipation

LogStiffness Deformation




In-situ AFM imaging of electrochemical,experiment
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Cu deposit on HOPG hasal plane removed by SPH tip



AFM in “canning lectro-hemical, icroscopy (SECM)

AFM-SECM

Feedback: Farad. current

Piezoelectric
Actuator

WE?2 (CE)

quasi-reference
electrode




AFM in EC: ECAFM/lithography

tip-assisted electrodeposition of'metal in droplet
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ECAFM/lithography: tip-assisted local electrochemical
deposition/dissolution ofioxide

Thin oxide film

ALO; + 3H,0 + 20H™= 2AI(OH),”




Semi(contact) mode - tapping, Acoustic/mgt. drive

oscillation in resonance
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Semicontact mode (tapping)yphase.imaging

0.0 um 0.5 1.0 1.5
00| WIS oS AN
%% ol i""&'ﬁ_.’ﬂfﬂi‘.ﬁ’ 5

Ao, Bile”

O AREA 9
K 0Ot S




AFM artefacts

AFM tip / __scanning direction
A 7 *
\ / H‘x ¥ N /

scanning
direction




AFM artefacts




AFM artefacts: Self-image,of AFEM tip




Special: Dual function of micropipette:
AFM scanning tip and micro=dispenser

Scanner

micropipette




Nano-lithographic AFM with scanning micropipette
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Special: AFM in vivo - Scanning ' Force Endoscope

Diagnosing cartilage diseases at an e

healthy osteoarthritic

M. Stolz et al., Biophys. J 2004; 86 3269-3283

Arthroscopic
instrument

ge

Physiological liquid ‘

Arthroscope

stabilization stage

scanning stage AFM stage

Institute of Microtechnology
University of Neuchatel
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