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Thermal and non-thermal melting
After the development of femtosecond lasers, two distinct laser-induced melting mechanisms have been 
identified: thermal and non-thermal melting. 

An ultrashort laser pulse 
can rapidly heat
electrons, while leaving the 
lattice near room
temperature. Subsequently, 
heat is transferred from the 
electrons to the lattice via 
electron-phonon 
interactions.

Melting that results from a 
rise of the lattice
temperature above the 
material’s melting point, 
called thermal melting, can 
readily be
observed with picosecond 
laser pulses.

Introduction
High-performance electronic and optoelectronic 
devices are increasingly operating in a regime of very 
high, rapidly varying carrier densities, because of 
feature miniaturization. To optimize device design it is 
therefore important to understand the electronic and 
lattice dynamics of highly excited materials. 
Furthermore, in order to tailor materials for specific 
applications, we need to investigate the electronic and 
structural behavior of light-matter interactions. The 
dynamical properties of the electrons and the lattice in 
solids define many basic properties of these materials, 
such as their conductivity, superconductivity, 
magnetism, and linear and nonlinear optical 
properties. Excitation with intense ultrashort laser 
pulses is one way to induce non-equilibrium    

processes and observe the 
resulting dynamics. 
Laser-induced changes in
metals and semiconductors 
can lead to structural phase 
transitions.

A wide variety of techniques are used to study phase 
transitions in solids: from single-wavelength to 
broadband probes, from IR to visible to x-ray.  We 
choose a broadband probe to measure the response 
of the optical properties from the near-IR to the 
near-UV to intense femtosecond-pulse excitation.

Femtosecond time-resolved reflectometry
In order to observe ultrafast phase changes in solids, we combine traditional pump-probe spectroscopy with a 
broadband white-light probe. Multiple-angle-of-incidence measurements determine the time-resolved dielectric 
function ε(ω) of the material.

Ti:sapphire

CaF2

delay stage

sample

(   )R θ2p

sample
pump

probe

R θ1p(   )

To ensure spatial homogeneity of the probed region, 
the pump spot size is about four times larger than the 
probe spot. For pump fluences above the damage 
threshold, the sample is translated between shots.

We use a broadband white-light probe, which we 
obtain by focusing part of the femtosecond laser-pulse 
train into a piece of CaF

2
.

Due to a combination of nonlinear effects, including 
self-steepening and self-phase modulation, the 
spectrum of the incident 800-nm laser beam broadens 
significantly and results in a white-light spectrum 
spanning 1.7–3.5 eV. 

Solid-to-liquid phase transition in aluminum
Our data show that the laser-induced solid-to-liquid phase transition in aluminum is a thermal process that 
takes place on the picosecond timescale. 

Aluminum is a widely used material. Previous optical 
and electron diffraction studies have shown 
discrepancies on the order of picoseconds in the 
timescale of the solid-to-liquid phase change in this 
material, leading to the question of whether this 
phase change is thermal or non-thermal.  
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Non-thermal melting takes 
place when the ions rapidly 
gain kinetic
energy after the 
laser-induced electronic 
excitation and rearrange 
themselves in a liquidlike,
disordered configuration 
before the lattice has 
enough time to reach the 
melting
temperature.

Non-thermal melting is 
usually completed within 
hundreds of femtoseconds
after photoexcitation. 
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The response of the reflectivity at 
four different fluences above the 
melting threshold, F

th
, lies 

consistently in the picosecond 
regime for all frequencies contained 
in the white-light probe. 
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When extending the time window up 
to 10 ps, we observe that the 
reflectivity drops for about
2 ps and then remains constant. 
This behavior is typical for a 
solid-to-liquid phase transition. 

The average of the solid-to-liquid 
transition time over the frequency 
range of 2.0–3.3 eV for each 
fluence, and for two different angles 
of incidence, is always between 
1.5–2 ps. None of the data sets 
exhibits a femtosecond timescale.
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