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Dynamic transmission electron microscope (DTEM) has proved to be a powerful tool in the study of 
dynamic events, such as phase transformations, in metals and semiconductors [1], and is now showing its 
usefulness in the study of a broad range of materials systems, as diverse as chalcogenide-based phase-
change materials and biological materials. Our most recent results in nanosecond-scale time-resolved 
imaging and diffraction on materials processes will be described.    
 
For example, Ge2Sb2Te5 is a chalcogenide-alloy phase-change material that is technologically significant 
because of its wide use in optical recording media and its promising potential for use in non-volatile 
electronic memory [2]. For either application, rapid switching between the amorphous and crystalline 
phases is necessary for rapid recording of data, and understanding the kinetics of phase transition at very 
short time scales is of both scientific and technological interest. The time for laser-induced crystallization 
(~100ns) and the melt/quench process (~10ns) [3] are on the scale ideally probed with the DTEM.    
 
Phase transformations in continuous and micro-patterned thin films of Ge2Sb2Te5 were induced with a 
15ns laser pulses in a DTEM. The influence of specimen geometry on laser absorption was studied in situ 
with micro-patterned films. The amorphous-crystalline phase transformations, grain growth (FIG 2), and 
melting-solidification transitions (FIG 3) were observed and the kinetics of these processes were revealed 
by time-resolved TEM imaging and electron diffraction on nanosecond time scales [4].    
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FIG 1 Bright field TEM images of micropatterned Ge2Sb2Te5 thin films, as deposited. 

  
FIG 2 As in FIG 1, after exposure to a 15ns, 2µJ laser pulse (1/e

2
 diameter of ~300µm, λ=532nm).  

  
FIG 3 As in FIG 2, after melting and re-solidification caused by exposure to a 15ns, 3µJ laser pulse. 
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