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Recent Developments in Tapping Mode Imaging
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• AFM Basics• Introduction to Tapping Mode• Automated Imaging• Improvements in Resolution and Speed• Quantitative Nanomechanics
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Principles of AFM

Computer Controller Photodiode Light 
source

Cantilever
(tip)

XY
scannerSample

Setpoint

Scan voltages

Z-feedback

Measure
amplitude



Page 4NUCRET Boot Camp – November 2015

Contact Mode Imaging
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Tapping Mode Imaging



Page 6NUCRET Boot Camp – November 2015

Cantilevers



Page 7NUCRET Boot Camp – November 2015

GetReal™ – Automated Probe Calibration
Because some things shouldn’t be measured in volts

https://www.AsylumResearch.com/GetReal

Simple − pick, click, get InvOLS and k

Safe − protects tip sharpness

Accurate − fully calibrated cantilever 
deflection

Free − for new and existing Asylum 
AFMs
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GetStarted™: Automated tapping mode image optimization for Cypher and the Infinity

Simple automated tapping mode imaging for 
high quality data from the first scan line
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• The Idea:• Gains for Feedback loops depend on the 
sensitivity of the inputs• We already know the sensitivities of the 
piezo actuators, the closed loop sensors,
…• The cantilever is the last piece of the 
puzzle.• GetReal gives us the cantilever sensitivity!

What is GetStarted?
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As the cantilevers get smaller…
… higher speed
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Cantilever Mechanical Bandwidth
• Conventional AC mode levers have resonant frequencies from 50 to 400 kHz. Fast 

right?

• For this example, scan rate  ~ ~ 1.5 Hzpixelsms 500
1

3.1
1

f0
2Q• No, the equivalent filter bandwidth is

• Usually Q=200 to 500, so the bandwidth is sub-kHz

= 1.3ms
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DNA Fast Scanning
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4 µm

sPP/PS blend spin cast on silicon 
Imaged at 80C
30um phase image
6000 pixels by 6000 lines
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“Smaller and Quieter: Ultra-High Resolution Imaging” www.AsylumResearch.com/Webinars

As the cantilevers get smaller…
… better resolution
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DNA Helix Atomic point defects

As the cantilevers get smaller…
… better resolution
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Demo data:
FM-AFM on calcite

Demo data:
Rubidium Chloride on mica

Production test data
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Lattice Versus Point Resolution
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BR Defect Dynamics
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“AFM Imaging and Nanomechanics with New blueDrive™ 
Photothermal Excitation”  www.AsylumResearch.com/Webinars

[1] T. E. Schäffer, J. P. Cleveland, F. Ohnesorge, D. A. Walters, and P. K. Hansma, J. Appl. Phys. 80, 3622 (1996).

blueDrive Photothermal Excitation
A Better Tapping Mode Drive Mechanism
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• Tapping Mode (AM)• Higher resonance oscillation (FM)• Frequency shifts + Phase shifts give us elastic and viscous 
information about the tip – sample interactions

AM-FM Viscoelasticity Mapping

www.AsylumResearch.com/Webinars
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Hertz Model in AM-FM

Fpunch (d ) = 2Epunch
eff Rd

Fsphere(d ) = 4
3 Eeff

sphere Rd 32

Fcone(d ) = 2Econe
eff

p tanq d 2

Basaran and Jiang, Mechanics of Materials 34 349 (2002).

Modulus

30    40     50    60GPa

Indentation

1.00   1.05   1.10 nm
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• AM-FM Speed limit:• first resonance Q is 
always the speed limit• Or if the second 
resonance is above or 
detector bandwidth

High Speed AM-FM Modulus mapping

2Hz
128 sec

20 Hz
12.8 sec

26 Hz
9.7 sec

78 Hz
1.6 sec

1Hz line-scan
256 sec

Q ~ 100
fres ~1.5MHz
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Polystyrene (PS) /polycaprolactone (PCL) 
thin film on mica

blueDrive – Enabling Nanomechanics
in Air and Liquid
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Thank you!


