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In a liquid environment, mechanical Q-factor of the cantilever is greatly reduced due to the 
viscosity of the liquid, and hence high resolution imaging is difficult. Electronic tuning of the 
effective quality factor is implemented for tapping mode AFM in liquids [1]. This technique 
increases the force sensitivity of the ordinary tapping mode AFM. However, when the canti-
lever is driven by piezoelectric actuator attached to the cantilever holder which is a very 
common way to excite the cantilever in a commercially available AFM apparatus, the fre-
quency spectrum has artificial resonance peaks corresponding to the resonance of various 
materials such as the liquid cell, cantilever base, liquid and so on. So, actually, the effective 
Q-factor for standard cantilever is not increased very much by the artificial resonance. 

Recently, we proposed a novel method using phase-locked oscillator to prevent the artificial 
resonance and enhance the Q-factor of the cantilever even using the piezoelectric actuator ex-
citation. In the present experiments, high force sensitive and sub-nanometer resolution imaging 
is successfully demonstrated on ionic crystal BaSO4(210) surface in a liquid environment.  

Figure 1 shows AFM image of ionic crystal BaSO4(210) surface obtained in water. In the 
AFM imaging, the effective Q-factor was set to be about 300. In Fig. 1, we can clearly observe 
the atomic feature of BaSO4(210) surface. Thus, for the first time, sub-nanometer resolution 
AFM imaging in liquid was demonstrated with Q-control AFM using phase-locked oscillator 
method. 
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Figure 1 Sub-nanometer resolution AFM image of ionic crystal BaSO4(210) surface measured 
in water. Scan size is 8 nm×5.6 nm. Rectangle is unit cell. 


