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As the footprint of optical components in photonic (and related) devices decreases to millimetres and 
less, and the size scale of fabricated, machined and/or etched features within these glass and plastic 
components enters the sub micron range required for functionality at near infra-red and visible 
wavelengths, there is a growing need to develop “dry”, non-contact, surface cleaning techniques for 
this material group, to augment current wet and plasma cleaning techniques. We have been studying 
dry (and “damp”) laser cleaning using nanosecond-pulsed lasers to clean small-particle (micron and 
sub-micron) and hydrocarbon contaminants from glass and plastic materials. Particle contaminants 
prove to be far more easily removed from highly transparent glass substrates than predictions, using 
the most highly developed laser cleaning theory available to date, based on van der Waals adhesion 
and the absorption coefficients of the bulk materials from which the particles are made, would suggest 
[1,2]. Dry laser cleaning proves to be a viable technique for cleaning micron and sub-micron particles 
from glass and optical materials in many instances ([1-4], fig. below shows result of removing 
spherical silica particles from a fused silica substrate with a single 195 mJ/cm2 KrF laser pulse). This is 
in contrast with the parallel results [5] achieved in laser cleaning studies for removing silica and 
polystyrene particles, as small as 65 nanometres in diameter, from silicon wafers. The experimental 
results from silicon lead to the conclusion that optical-damage-free, dry laser cleaning is not possible 
when van der Waals adhesion on atomically smooth substrates and strong substrate absorption are the 
dominant factors. Theory based on this is consistent with experimental results for the silicon material 
system. In contrast, any optical materials system leads to a range of possible outcomes depending on 
the nature of adhesion (electrostatic repulsion can become important), the surface roughness/polish 
and differences in the optical properties of small particles compared with those of the bulk material (as 
established in our experiments). Surface acoustic waves also become an important physical 
mechanism for effecting detachment. Laser cleaning experiments become a significant test method for 
interrogating the range and dependencies of interactions of laser radiation with particles on surfaces 
and for elucidating the materials properties of small particles, a topic of much interest for nano-
particles in particular. These themes will be illustrated in detail with our experimental results. 
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