
 

 

Talk Summary: 

Title: Atomic-Scale Structural Characterization and Manipulation of Black Phosphorus 

Black phosphorus (BP), a two-dimensional (2D) layered mono-elemental material, has 

interesting anisotropy electronic, optical, mechanical, and thermal properties originating from 

its puckered honeycomb structure. Atomic-scale structural analysis including stacking, defects, 

and edge structures in BP is essential to fully understand its electronics and optical properties. 

In this talk, I will discuss atomic-scale characterization and manipulation of BP. Various 

transmission electron microscopy (TEM) techniques are employed to study BP at atomic-scales. 

TEM sample fabrication method that minimizes surface degradation of BP is developed. 

Atomic-resolution TEM imaging and electron diffraction analysis are utilized to analyze BP’s 

structure. Moreover, the modification of BP structure using e-beam, including controlled layer-

by-layer etching of BP, the construction of BP nanoribbons, the formation of various BP edge 

structures, and, is investigated. 
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Research Skills 

 Material characterization using various tools: 

Transmission electron microscopy (TEM), Cs-corrected TEM/STEM, energy-filtered TEM (EF-TEM), In-situ 

TEM, energy dispersive X-ray spectroscopy (EDX), electron energy loss spectroscopy (EELS), scanning electron 

microscopy (SEM), electron back scattered diffraction (EBSD), focused ion beam (FIB), ultra-microtome, X-ray 

diffractometry, synchrotron X-ray imaging, Raman spectroscopy. 

 Operation trained TEM list (Since 2013)   

Tecnai F20 (FEI), Monochromated Image Cs-corrected Titan (FEI, Titan G2),  

Double Image/Probe Cs-corrected ARM (JEOL, ARM200F) 

 Synthesis of two-dimensional material using chemical vapor deposition (CVD). 

 TEM sample fabrication using various techniques (FIB, microtome, etc.).  

 Fabrication of two-dimensional (2D) material-based van der Waals hetrostructures. 

 General deposition techniques: thermal evaporation, e-beam evaporation.  
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