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Scanning Probe Microscopy (SPM) imaging can be represented as an information channel between the 
dynamic processes at the tip-surface junction and the observer. Current SPM techniques use heterodyne 
detection methods such as lock-in amplifiers and phase locked loops which result in significant loss in vital 
information such as information from higher eigenmodes, mode-mixing, and other non-linear phenomena in 
the tip-surface interaction. We present a new technique called General-mode (G-mode) where we capture 
the complete broad-band response of the cantilever at sampling rates of 1-100 MHz. The availability of the 
complete cantilever response facilitates the application of various physical models as well as multivariate 
statistical methods to extract information that has been unavailable from current SPM techniques. 
 
Polarization switching in ferroelectric and multiferroic materials underpins the next generation of electronic 
devices such as tunneling devices, field effect transistors, and race-track memories. The switching 
mechanisms in these materials are highly sensitive to the local defects and structural imperfections at the 
micro and nanometer scale, which have undesirable effects on ferroelectric domains. These considerations 
necessitated the development of Piezoresponse Force Microscopy (PFM) imaging and spectroscopy 
techniques to measure and manipulate local polarization states.  
 
We apply G-mode to Piezoresponse Force Microscopy (PFM) and compare the information content to 
conventional single frequency PFM. Information-theory analysis suggests that G-mode PFM in the non-
switching regime, close to the first resonance mode, contains a relatively small (100 - 150) number of 
components containing significant information. The number of significant components increases 
considerably in the non-linear and switching regimes and approaching to cantilever resonances, precluding 
the use of classical lock-in detection and necessitating the use of band excitation or G-mode detection 
schemes. The current state-of-art PFM spectroscopy techniques suffer from serious compromises in the 
measurement rate, measurement area, voltage and spatial resolutions since they require the combination of a 
slow (~ 1  sec) switching signal and a fast (~ 1 – 10 msec) measurement signal. Furthermore, these 
techniques only capture the narrow-band cantilever response. We report on a fundamentally new approach 
that combines the full cantilever response from G-mode with intelligent signal filtering techniques to 
directly measure material strain in response to the probing bias. Our technique enables precise spectroscopic 
imaging of the polarization switching phenomena 3,500 times faster than currently reported methods. The 
improved measurement speed enables dense 2D maps of material response with minimal drift in the tip 
position.  
 
 
 


