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We are currently developing an “all-optic” Ultra High Vacuum Atomic Force 

Microscope for improvement in resolution of force gradient and mass detection. It 

incorporates a heterodyne laser doppler interferometer, photothermal excitation and a 

superheterodyne circuit with an intermediate frequency of 10.7 MHz. Photothermal cantilever 

excitation offers extremely clean excitation of the AFM cantilever at low amplitude (10 pm) 

and high frequency (~10 MHz), making the system a good approach for high frequency, small 

amplitude multimodal AFM with various control schemes. The system can be used for a 

conventional cantilever operating in its fundamental and higher modes, as well as for small or 

stiff cantilevers with high resonance frequency. Fundamental, second, or third mode of 

flexural, or torsional, can be confirmed by scanning a small laser spot with a diameter of 1.2 

µm on the back side of the cantilever. Performing multi-modal excitation and detection modes 

allow selective detection of short-range interaction forces and acquisition of more details of 

the force curve in real time for 3D force gradient mapping. During experiments the gradient 

of frequency shift profiles could be obtained by using a lock-in amplifier operating at a dither 

frequency of 120 Hz. Figure 1 illustrates a real-time detection of Δf and its gradient using the 

lock-in amplifier during force curves acquisition on KBr(001) with a scanning frequency of 

2Hz. Dither amplitude was 2 Å and self excitation amplitude was set at 4 Å. The excursion 

frequency along the Z axis was 0.5 Hz for an excursion range of 4 nm. 

 

We will report on our recent results obtained with this new all optic AFM. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1: a) Preliminary results of measured frequency shift (Δf) versus distance during 

approach and retraction on KBr(001) using the second flexural mode at 1.7550 MHz. 

b) Example of simultaneous detection of Δf and its gradient on KBr using a lock-in amplifier 

during force curve acquisition.  
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