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AFM-Fundamental Concepts
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Atomic Force Microscopy (AFM)

Tip-surface interaction (F,)
causes deflection of cantilever
Measure deflection (z’)

— STM

— Optically

— Self sensing

* Piezoelectric
* Piezoresistive

Deflection proportional to tip-
surface force (beam equation)
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Scan across surface while
adjusting Z



AFM-Classification

« Static
» Measure deflection
« Shown earlier
« Dynamic
» Deliberately oscillate cantilever

» Measure changes to amplitude, frequency, and/or phase caused by tip-
sample interaction

— Amplitude Modulation (AM)
« Maintain driving frequency and driving amplitude
* Measure cantilever amplitude changes
— Frequency Modulation (FM)
 Actively maintain cantilever amplitude
» Measure cantilever frequency shift



Why FM-AFM?
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However, all offer atomic
resolution



Cantilever Model

Consider cantilever as damped, harmonic i+2fc+@ix=A,. cos(ar)
oscillator with sinusoidal driving force A
drive
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. =eh Arving JA= 2 ED+ Fra [(£20)
and resultant cantilever oscillation
5: tan—l[ fdri;e . j
25, Q=1OO Qf()(l_fdrive /fO )
Q=20
=) Q=10
<
<
0,
pi -
pi/2 -
0




Tip-Surface Interaction

Cause of tip-sample force, F,,
— Van der Waal

— Chemical

— Electrostatic

Force between tip and sample causes a change in the natural
frequency
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Experimental Set-Up

Mechanical Excitation

set amplitude

1 But what gets it

PI started?
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Experimental Set-Up

Mechanical Excitation
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Experimental Set-Up

Tuning Fork & Electrical Excitation

EE eliminates:

Af

Pl
controller

« dither piezo

» deflection sensor

TF enhances:

« Qfrom~100— ~10,000
(S/N increases)

Quartz vs. other piezo

« Low dissipation

« High-frequency stability
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Experimental Set-Up

Electrical Excitation
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Experimental Set-Up

Electrical Excitation




Experimental Set-Up

Tuning Fork & Mechanical Excitation
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Experimental Set-Up

Electrical Excitation-Variation

measure frequency
(PLL)
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Tuning Fork

Mechanical vs. Electrical

« Mechanical

— simpler electronics

— marginally improved S/N
 Electrical

— no dither piezo

— eliminate one gluing step



Mechanical Excitation
Atomic Resolution

| ~—Le— o Si(111)-(7x7)

Giessibl FJ APPLIED PHYSICS LETTERS 76 (11): 1470-1472 MAR 13 2000



Mechanical Excitation
Atomic Resolution

reduce parallel & torsion

tip )
: modes

A1l
A2

piezo actuator

MgO on Ag(001)

Heyde M, Sterrer M, Rust HP, et al. APPLIED PHYSICS LETTERS 87, 083104 2005



Electrical Excitation
Atomic Resolution
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Phase Locked Loop

Detalls

VCO > U
Vf > i
Pl
controller

|
phase detector\l low pass _®_ Uc

U. =Uc sin(wt+¢@.); U, :Ur cos(wt+@.)

UU, = % sin((@, — @)t + (9. — ) +sin((@. + @)t + (@ +@.))]

locked PLL = @. — @, =0 & low - pass filter
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