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 High-speed/video rate AFM
 Multi-frequency AFM
 Sub-surface imaging

Other emerging dAFM techniques
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The driving forces
 Primary needs
 High speed
 High resolution
Material contrast – mechanical, electrical, chemi

cal, thermal to distinguish a variety of samples
Quantitative metrology

 Newer needs
 Subsurface information
 Live cell imaging
 Combined instruments (Raman, IR/thermal etc.)
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High speed

 M. Miles et al.
 T. Fukuma et al
 G. Schitter et al
 G. Fantner et al.
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 High speed AM-AFM in liquids
T. Ando et al, 2001, PNAS, Successive images of myosin 
V on mica in buffer solution. 240 × 240 nm2 was imaged 
50 times with 100 × 100 pixels. The tip speed is 0.6 mm/s 
(scan rate, 1.25 kHz), and the frame rate is 12.5/s. The 
tapping frequency is 620 kHz, A0=12 nm, A=11.5 nm. 

Enabling technologies
 High bandwidth Scanner, Z piezo,
 Fast phase detection
 Small cantilevers (< 20 microns)
 Excitation mechanisms (photothermal, high 

bandwidth magnetic)

www.sclsensortech.com



T. Ando et al, Kanazawa (Pflugers Archiv, 2008)

M . J. Miles, Bristol, (APL, 86, 2005) 
 Infinitesima Inc.

High-speed AFM
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 Bimodal or dual AC
 Key insight is that     

the second mode A2, 
φ2 varies in time
 Thus φ2 not only meas

ures dissipation but   
also conservative tip-
sample interactions!
 It becomes possible  

to see material           
contrast in the attrac
tive regime! 

Multi-frequency AFM
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Rodriguez and Garcia, APL,84(3), 2004 
Lozano and Garcia, PRL, 100(7), 2008
Lozano, Garcia, PRB, 79(1), 2009
R. Proksch, APL, 89(11), 2006



 Bimodal or dual AC
Multi-frequency AFM

7Martinez et al, Nanotechnology, 19, 2008 



 Bimodal or dual AC
Multi-frequency AFM
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Martinez et al, Nanotechnology, 19, 2008 



 Bimodal or dual AC
Multi-frequency AFM
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R. Proksch, APL, 89, 2006 



 Heterodyning principle for AFM first developed by              
Cuberes, Kolosov, Briggs (Oxford)
 Later used by Dravid et al   (Northwestern), and    

Passian and Thundat (Oakridge)

 Tip sample gap d(t)=(.)cos(fst)+ (.) cos(fpt)
 Tip-sample force Ftsis a nonlinear function of d, so      

it contains frequency components including fs-fp
 Measure amplitude and phase of fs-fp signal

Subsurface imaging using ultrasound
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HF piezo excitation fs (MHz)

Sample surface vibration fs

HF piezo excitation fs (MHz)

HF probe excitation fp (MHz)
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Subsurface imaging using ultrasound



Challenges
 Not clear how mm wave length 

achieves high resolution
 Not depth sensitive
 Image formation not understood
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