Quantifying phase transformation behavior
 (
The series of time resolved images with 15 ns exposure times on the right show
s
 the evolution of laser processed amorphous 
Ge
 thin films of 110nm thickness in t
i
me.
 The “0 ns” image presents the sample structure before initiation of the transition followed by different time delays. The final image labeled “∞ ns” presents the post-mortem microstructure i.e. in the end of the transition. 
The graph on the left plots the change in the mean grain size and change in the number of nuclei with time. The intersection between the linear and parabolic curve fits indicates the effective crystallization time. 
)[image: D:\PhD\Articles Lily\a-Ge\fig 1 v3.tiff][image: ]The dynamic transmission electron microscope (DTEM) at LLNL allows scientists to characterize details of rapid phase transformations that are inaccessible by other techniques. The design of advanced materials requires detailed knowledge of materials behavior under a variety processing conditions. Understanding phase transformation behavior and quantifying phase transformation kinetics that are important for determining processing parameters enables the design and development of microstructures tailored for specific applications. Of special interest is the determination of nucleation and growth kinetics during crystallization.  An example in which the unique capabilities of the DTEM have been exploited is to determine crystallization kinetics in laser driven crystallization processes in amorphous Ge films, as shown in figure below.  Using high time resolution imaging, the details of the devitrification processes was shown to initiate quickly, in less than 20ns after drive laser excitation, and goes to completion within ~55ns. The nucleation rate was estimated by tracking the crystallite density as a function of time and reached a maximum of ~ 1.59x1022 nucleus/cm3∙s. With this knowledge of the nucleation rates, we can control crystallization processes that are essential to obtain consistent material properties for nc-Ge optoelectronics.
Highlight accompanying publication of Office of Basic Energy Sciences, Division of Materials Sciences and Engineering supported research in the journal article:
“Nanocrystallization of amorphous Germanium films observed with nanosecond time resolution”L. Nikolova T. LaGrange, B. Reed, N. Browning,, G. H. Campbell, J.-C. Kieffer, B. Siwick, and F. Rosei,  Applied Physics Letters 97, 203102 (2010).
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