
Pulsed laser dewetting of patterned thin metal films: A means
of directed assembly

Scanning electron micrographs of 
pulsed laser treated thin nickel patterns. 
The top images are the initial thin film 
circle, square and triangle. (Each pulse 
with the laser melts some of the nickel, 
which quickly re-solidifies, in a slightly 
different pattern.)

• Pulsed laser treatment of nickel produces a short  
(ns) liquid lifetime which provides a unique way to
monitor the time dependence of the dewetting
process and the subsequent pattern formation.

• The assembly process via dewetting and pattern
formation has been studied in detail for continuous
materials.

• This work revealed that edges of patterned (non‐
continuous) thin films can give rise to programmable
instabilities which can be useful for the directed
assembly of materials.

Attacking one of the challenges of nanoscience and 
technology: understanding and controlling bottom up 
directed assembly of materials.
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	One of the current challenges of nanoscience is trying to understand and control the way materials form at the nanoscale. This has been studied in detail for continuous materials, but less work has been done on confined or patterned materials. In order to study this assembly, researchers at Oak Ridge National Laboratory used pulsed laser dewetting on thin nickel films and took plane-view scanning electron microscope images after pulses 1, 2, 3, 5, and 10, and tilted images after pulse 10. Nickel has a short liquid lifetime, allowing a unique opportunity to monitor the time dependence of the dewetting process and the subsequent pattern formation. Nickel films in the shape of a circle, a square, and a triangle were made by a conventional lift-off process from 30 nm films. The edges of the nickel act as programmable instabilities, and shape the pattern formation in predictable ways. These shapes were then simultaneously laser treated with a series of laser pulsed with an energy density above the melting threshold of nickel.
	As shown on the view graph, the retraction rate significantly decreases after the third pulse. This is likely due to a thickening of the dewetting front, causing the curvature to decrease and viscous dissipation to increase. Interestingly, the triangle and square vertices retract more than the center of the edges. This was correlated to the additional in-plane curvature. As a whole, the lateral retraction and pattern formation was correlated to a two step process. Initially, the surface tension drives the flow of the melted nickel films. As the dewetting front thickens, a second process becomes noticeable: a smaller contraction associated with the density difference between the liquid and solid when the liquid film solidifies.
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