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Multi-frame dynamic transmission electron microscopy (DTEM) has been applied to the study of crystal
growth in phase change materials (PCMs). PCMs are used for optical memory (CDs, DVDs) and non-
volatile random access memory, which exploit the distinct optical and electrical properties of the
amorphous and crystalline phases. For memory applications, it must be possible to switch between the
amorphous and crystalline phases in nanoseconds by rapid heating. Thus crystallization kinetics of
PCMs are of vital interest as they directly impact device switching speed, but even basic quantities, such
as crystal growth rates, are difficult to measure experimentally during highly-driven laser- or current-
induced crystallization (and are totally inaccessible with conventional microscopy techniques).

“Single-shot” DTEM has been used to study laser-induced crystallization in PCMs, such as Ge,Sb,Tes
[3] and GeTe [4]. In the earlier work on GeTe, only a single 15-ns image was formed during each laser-
induced crystallization event. This left open questions about the crystal growth rates since the incubation
time before the nucleation of the imaged crystalline grains was unknown. Here we capture nine-frame
movies of the laser-crystallization of amorphous GeTe (Figure 1), in which each frame consists of an
electron image with 17.5-ns time resolution. Individual growing grains are tracked during different
points in their growth and unambiguous measurements of growth rate may be made. Crystal growth
rates exceeding 3 m/s are observed and changes in growth rate are observed during a single
crystallization event.

Finite element analysis simulations are used to model the rapidly changing spatial and temporal
temperature profiles during laser heating. The calculated temperature profiles allow us to fit our
measured growth rates to kinetic models of crystal growth. The ability to create multi-frame movies of
unique irreversible phase transformation on the nanosecond and microsecond scale, paves the way for
understanding crystallization kinetics of PCMs over the whole range of technologically-relevant time
scales.
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Figure 1. False color images showing the growth of a crystalline grain (yellow) in amorphous GeTe
(blue) in a nine-frame movie formed by nine 17.5-ns electron pulses. The time signature in each frame is
relative to the time of the peak specimen laser intensity with an uncertainty of +3 ns.
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