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High-Angle Annular Dark-Field  

Scanning Transmission Electron Microscopy (HAADF-STEM) 

Lecture key points:  

 

ƴ Why are we doing HAADF-STEM?  

ƴ The reciprocity theorem of elastic electron scattering 

ƴ The origin of thermal diffuse scattering 

ƴ The electron probe 

ƴ The ronchigram 

ƴ Quantitative HAADF-STEM imaging 

ƴ Image simulations 

ƴ Quantitative interpretation of atomically-resolved HAADF-STEM images 

Electron Microscopy School, Belgrade, April 2011 
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TEM/STEM microscopes 

TEM/STEM microscopes 

Two basic operation modes in transmission electron microscopy (TEM):  

ƴ using stationary electron beam (conventional TEM mode) 

ƴ using scanning electron probe (STEM mode) 

Dedicated STEM microscopes 

Dedicated STEM microscope 
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EDXS 

Combined atomically -resolved structural, compositional and chemical information:  

ƴ STEM: Scanning Transmission Electron Microscope 

ƴ HAADF: High-Angle Annular Dark-Field detektor 
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Why are we doing HAADF-STEM? 

HAADF-STEM of functional materials:  

ƴ strong compositional sensitivity 

Why are we doing HAADF-STEM? 

HAADF-STEM of nanoparticles:  

ƴ Cu-Ni-Pt nanoparticle in carbon-based matrix 

ƴ Ru-O nanoparticles in TiO2 based matrix 
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E. Tchernychova (2011) V. Radmiloviĺ (2011) 
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S. Ġturm (2010) 

Why are we doing HAADF-STEM? 

HAADF-STEM of hollow structures:  

ƴ Hollow nanospheres 

Why are we doing HAADF-STEM? 

Combining Bright -Field (BF) and HAADF -STEM imaging:  

ƴ compositionally complex nanotube 

5 0  n m5 0  n m 5 0  n m



4/20/2011 

5 

Why are we doing HAADF-STEM? 

Combining Bright -Field (BF) and HAADF -STEM imaging:  

ƴ Pd on perovskite substrate 

1  n m1  n m 1  n m1  n m

Pd islands on SrTiO 3 substrate  

BF-STEM HAADF-STEM 
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E. Tchernychova (2004) 

Why are we doing HAADF-STEM? 

Combining Bright -Field (BF) and HAADF -STEM imaging:  

ƴ Atomic-scale sensitivity 

ƴ Strong chemical and structural sensitivity 

 

Small region of polycrystalline BaTiO 3 tubes  

BF-STEM HAADF-STEM 

K. Ģagar (2010) 

Images were taken at SuperSTEM (Daresbury)  
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Why are we doing HAADF-STEM? 

Combining Bright -Field (BF) and HAADF -STEM imaging:  

ƴ The interpretation of HAADF-STEM images is more straight forward 

than BF-STEM 

Small region of polycrystalline BaTiO 3 tubes  

BF-STEM HAADF-STEM 

K. Ģagar (2010) 

Images were taken at SuperSTEM (Daresbury)  

The reciprocity theorem of elastic electron scattering 

E.J. Kirkland (1998) 
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The reciprocity theorem of elastic electron scattering: CTEM 
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The reciprocity theorem of elastic electron scattering: CTEM 
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