
Advances in imaging and quantification of electrical properties at the nanoscale 
using Scanning Microwave Impedance Microscopy (sMIM)  
 
Understanding and optimizing advanced materials frequently requires detailed knowledge of nanoscale 
electrical properties. Scanning probe techniques such as scanning tunneling microscopy (STM), 
conductive AFM (cAFM), scanning capacitance microscopy (SCM), and Kelvin probe force microscopy 
(KPFM) provide such nano-electrical measurements, but are generally limited in the classes of materials 
they can characterize or the properties they can measure. Scanning microwave impedance microscopy 
(sMIM) uses GHz frequency microwaves and shielded AFM probes to directly measure the impedance 
(capacitance and conductance) of the tip sample interface.  As such sMIM is sensitive to the permittivity 
and conductivity of a wide variety of samples including dielectrics, conductors, and semiconductors.  

After introducing the theory of operation, we will review the state of the art, including high resolution 
imaging of electrical properties of quantum structures and 2D materials and devices.  Additionally, we 
will present research on quantification of dielectric properties and semiconductor doping concentration, 
including nanoscale capacitance-voltage curves. Research results obtained at cryogenic temperatures 
and high field will also be discussed. 
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