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Introduction

Investigation into the dynamics of materials employing a pulsed laser to pump the system into a highly non-equilibrium state and a fast probe to detect the resulting response is a very active field. Time-resolved XAFS utilizing the
pulsed nature of a synchrotron source is a probe that is directly sensitive the material lattice, is element specific, and does not depend on long-range order. The latter characteristic makes it an excellent choice to study dynamics of
melting and/or amorphous and liquid materials. XAFS places stringent requirements on the signal-to-noise ratio, which is directly related to the measured x-ray flux, and therefore also the number of shots produced by the laser
during the course of a time-resolved measurement. PNC/XOR has developed an apparatus based on a high rep/rate laser firing at the APS “P0” bunch repetition frequency of 272 kHz, allowing an increase in data collection
efficiency by two orders of magnitude compared to typical pulsed laser systems, and a corresponding reduction in the time required for a typical experiment from weeks to hours. We have used this apparatus to observe the

dynamics of laser-excited germanium films, with the ultimate goal of studying the melting dynamics, and the dynamics of laser-excited films of the optical phase-change material Ge,Sb,Te

Laser System and Timing Electronics Laser-Excited Ge,Sb,Tes Films

The PNC/XOR system for time-resolved pump/probe XAFS experiments utilizes a Ti:Sapphire laser system that produces Preliminary experiments have been conducted on thin film structures similar to those used in actual
~200fs pulses at a wavelength of 800nm, with repetition rate equal to the PO clock rate (272kHz). This allows very high- DVD-RAM media. Results have been obtained in measurements of a film with a 50nm layer of
efficiency XAFS measurements compared to most fs pulsed laser systems, which are limited to rep rates of ~1kHz . The Ge,Sb,Te; on an SiO, substrate, with a 50nm SiO, cap layer. The sample structure was deposited on a
time resolution of the system is primarily determined by the 100ps x-ray bunch width. An APD measures 10 and a fast, disk and measurements were obtained with the disk spinning at ~1800 rpm. This reduced the effective
large-area plastic scintillator measures x-ray flourescence from the sample. Amplified detector pulses are gated to select sample exposure to the laser by a factor of ~6000 compared to a static experiment. This was done to
the signal from a single bunch, and relative timing between the laser pump pulse and x-ray probe bunch is controlled on a reduce the potential for sample damage and the steady-state temperature buildup seen in the
fine time scale by changing the phase of the RF reference used to synchronize the laser output to the ring. germanium film experiments. We find preliminary indications that we can observe a transition to a
mixed liquid/crystalline state that occurs on the order of a few ns following laser excitation. Interestingly,
; ; we have observed that the film oxidized with laser exposure, even in a He/H atmosphere, above a
SChema’rlC Of The Tl me Reso lved XA FS A pp(]r'a'l'us fluence threshold of ~8 mJ/cm?, which excited ~8% of the available conduction band states. Our results
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LGSCF-EXCITed Ger'manlum F||ms Fourier Transformed Ge EXAFS

, , , , _ _ , at several times after the laser
Experiments have been conducted on 200nm germanium films. The ultimate goal is to study the dynamics of laser-induced pulse. The FT of the re-
melting, but this experiment has proven to be useful in understanding the issues involved in developing this novel apparatus, amorphized structure, which is
including stability of sample/beam alignment, build-up of an elevated steady-state temperature between shots, and sample similar to the liquid, is also shown
damage over the time necessary to perform an experiment. Sample damage is probably due to slow evaporation at elevated (in purple). The orange line
temperatures and has prevented study of melting dynamics. This issue will be addressed by using the disk spinner developed shows the position of the peak for
for thg Ge,Sb,Te, experiments. APD detector arrays will decrease the time required for an experiment by about an order of the crystallized structure. These
magnitude. _ _ L _ S results appear to indicate a

We have also obtained results for the time response to laser excitation of the EXAFS a2 in the 15t and 2" shells indicating transition to a mixed

a delay of ~10ps in the time response of the 2" shell with respect to the 15t shell. This suggests a possible mechansism for crystalline/liquid state within a
excited carrier-phonon interaction producing the optical phonons to which the 1st shell is sensitive, which then equilibrate over few ns of laser excitation.
a time period of ~10ps.
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