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Metal films (and other geometries) are 
relevant for a number of applications. This 
presenta t ion focuses on the h igh ly 
controllable setup where solid metal films are 
exposed to laser irradiation leading to 
liquefaction. While in liquid state, the metal 
films evolve. Our understanding of the 
instability of fluid films is then used to analyze 
various setups involving directed- and self-
assembly. The experimental efforts are 
guided and supported by relatively simple 
models that are used to develop better 
understanding of the underlying physical 
mechanisms, as well as to suggest and 
provide guidance to further experiments. 
Accurate computations are then used to 
simulate the resulting equations and provide 
insight into fully nonlinear stages of instability 
development and pattern formation. Many 
fluid mechanical aspects of the problem could 
be found in our recent article in the Annual 
Review of  Fluid Mechanics [1].
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Abstract        Examples     Thermal Modeling 

Next Steps
M o r e c a r e f u l m o d e l i n g o f h e a t 
conduction.  
Melting and solidifcation: influence of 
temperature dependence of other 
material parameters, such as viscosity and 
heat conductivity.  
Alloys: dewetting and demixing.  

Research Approach

Thin film model coupled with heat conduction 
through the film and substrate. 
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Experiments: nanometric metal films on 
silicon substrates exposed to nanosecond 
laser pulses that heat them above melting 
point.  While in liquid phase, metal films 
evolve and dewet the substrate.  Experiments 
are carried out at Oak Ridge National Lab by 
P. Rack and collaborators [1].  

Rings: experiments and simulations: 
example of multiple instabilities (radial and 
azimuthal [3]). 

Directed assembly: experiments and 
simulations: formation of patterns with and 
without stochastic effects [4]. 

Filament breakup: experiments and 
simulations: pearling instability initiated at 
the filament fronts - drop distance explained 
via analogy to Rayleigh - Plateau instability of 
a liquid jet (2]. 

Multiple metals: using solute Marangoni 
effect to direct instability [5].
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Thermal diffusion through the metal film and 
the silicon substrate [6].  

Q1 = CF (t) exp(�↵̄(z � h))

Source term due to laser heating: 

Example: evolution of a stochastically 
perturbed thin film with Marangoni effect 
included [6}.  

Modeling and simulations: carried out based 
on long-wave approach within the model that 
includes liquid-solid interaction forces to 
model wetting. Fully nonlinear time-
dependent computations are carried out so 
to analyze nonlinear stages of instability 
development [1].
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ls : based on film thickness ⇠ 10nm

A = 6⇡h3
⇤ Hamaker constant
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