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The goal of this project is to uncover the electronic processes in disordered
materials. Understanding these processes is the key to understanding the physics
in materials such as amorphous semiconductors or liquid semiconductors. In turn,
understanding the physics of these materials will lead to novel devices or
improved device operation and will impact on our models for other materials.

We have concentrated on time-resolved measurements of the optical proper-
ties of silicon, both amorphous and liquid. We have used the methods of
picosecond and femtosecond time-resolved reflectivity and transmission. The
experiments have been performed with conventional lasers but will be moved to
our laboratory located at Stanford University when the FEL becomes operational.

Results

a. Amorphous silicon
Our previous work had been exclusively experimental and had shown that

the accepted interpretation of picosecond photoinduced absorption in a-Si:H was
at least in part incorrect [1). We have now performed additional experiments
which have allowed us to refine our ideas and we have also obtained some
interesting theoretical results. Those theoretical results [2] indicate clearly that
the interpretation of pump-and-probe experiments differ for crystalline and amor-
phous materials. The main reason is that momentum conservation rules which
exist for optical transitions in crystalline materials are relaxed in disordered
materials. We have shown that carrier-carrier scattering cannot be measured from
conventional experiments, and that carrier-phonon scattering, although measur-
able, leads to much smaller effects than with crystalline materials. In particular,
no hole burning is observable.

In our new experiments, we have now confirmed that the relaxation of hot
carriers above the mobility edge takes 1 picosecond and that at later time, the
sample temperature rise produced by the energy lost by the carriers plays an
important role. In fact, the temperature appears to be the best probe of the
energy relaxation in the bandtail states, since we have found that the optical
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cross-section for intraband absorption from (localized) bandtail states to extended
states is much smaller than that for transitions between extended states. After 10
picoseconds, the relaxation processes slow down dramatically, in agreement with
previous results that indicated bandtail relaxation times in the 1 nanosecond
range. This is consistent both with attainment of quasi-equilibrium and with the
increased difficulty of relaxation from relatively deep states. The results are
amplified in our very recent publications [3-6].

b. Liquid silicon
We have investigated the properties of liquid silicon produced by high power

laser illumination. This study is to be considered in the context of laser-induced
phase transitions and of laser-induced damage, two phenomena which are possible
with ultrashort high power FEL pulses. In recent work [7], we had demonstrated a
powerful technique to measure the real and imaginary parts of the dielectric func-
tion of any solid during and after picosecond laser-induced phase transition. We
have now applied this technique to the determination of the dielectric function of
liquid silicon close to the melting temperature [8,91. We have also shown for the
first time that laser-produced liquid phases could exceed the boiling temperature
for many picoseconds without undergoing the phase transition [9,10]. This new
result should open new avenues of research in non-equilibrium thermodynamics.

Future work
The work on picosecond and femtosecond spectroscopy of amorphous sem-

iconductors is continuing vigorously. We have planned new series of experiments.
in samples of various bandgaps and at variable temperatures. We are also plan-
ning to repeat some experiments with 30 femtoseconds time resolution (instead of
100 fs), which we believe will increase our understanding of the relaxation
processes. We intend to use the FEL beam to perform much-needed spectroscopy
in the infrared (beyond 1500 nm, where subpicosecond laser sources are not avail-
able). Further theoretical work is also planned, especially with regard to the posi-
tion of the mobility edge. The work on non-equilibrium laser-induced phase tran- U.

sitions will resume when the FEL is operational. This work could impact on the
optical damage often observed in FEL cavities.
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