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2D materials
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Two-Dimensional Electron Gas! 
(2DEG)



Why Atomic Force 
Microscopy (AFM)?

• Resolution >> light

• AFM enables new 
2D material 
research



AFM
Magnetic Force 

Microscopy (MFM)

Microwave Impedance 
Microscopy (MIM)

Electrostatic Force 
Microscopy (EFM)



Microwave Impedance Microscopy (MIM)

Incident wave: 

𝑒𝑖(𝑘𝑥−𝜔𝑡) with f~1𝐺𝐻𝑧

Reflected wave: 

𝑒𝑖(𝑘
′𝑥−𝜔𝑡)



Microwave Impedance Microscopy (MIM)

Continuity Equation Simulation



2D material research

MoS2



Simulation Experiment





Photo-generated free electrons

• Laser wavelength

• ℏ𝜔 > Eg

Transparent 
Substrate

Focused laser

Experimental Parameters

• Laser intensity → # of 
photons → # of free 
electrons → conductivity

*Solar Cells*
*Photon Detectors*

Sample



20 𝜇𝑚

𝑅𝑒𝑆2

ℎ𝐵𝑁

Rhenium Disulfide (ReS2, Semiconductor)
hexagonal Boron Nitride(hBN, Insulator)



MIM-Im

Topography
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MIM-Im MIM-Re
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MIM-Im MIM-Re
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Conclusion

• AFM allows nanoscale observation
• New data collection techniques

• MIM is a unique conductivity 
measurement
• No electrodes required

• Nanoscale resolution

• Novel Light-Matter interactions (QM)


