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ABSTRACT  
 
The optical properties of bulk glass, both linear and nonlinear, are the primary focus of 
researchers when predicting, proposing and implementing novel laser processed photonic 
devices. However, the “surface”  absorption of laser radiation can be a significant component 
of the energy deposition, depending on the glass preparation. Defect absorption centres are 
also a variable in glasses manufactured by different suppliers, or in different batches. 
Introducing particles to the surface is one way of simulating absorption centres/defects on the 
surface. Studies of surface glass chemistry as modified by pulsed UV laser irradiation and UV 
pulsed laser/ particle-on-glass surface interactions are described. Much of this research was 
conducted in the context of developing successful techniques for laser cleaning of glass but is 
relevant to micro- and nano-optics and photonics more generally.  
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1. Introduction 
 
The program of laser cleaning research at Macquarie University has had as its main 
foci, developing techniques for cleaning applications in the optics, optoelectronics and 
photonics industries and related laser processing of glasses for industrial or medical 
use. Wet chemical, ultrasonic and plasma cleaning are all utilised, currently, in optical 
contexts, but there is a need for alternate, non-contact, cleaning techniques that can be 
integrated readily with multiple-station production processes in the above mentioned 
industries, particularly for small scale components. Dry/raised humidity cleaning 
techniques are favoured for such small scale optical, integrated-optic and photonic 
devices as it is undesirable to introduce solvents to the small area surfaces which, 
subsequently, may prove difficult to dry or remove without leaving residues which 
degrade the optical performance. All of wet, damp and dry laser cleaning methods are 
applicable to larger scale optics. An understanding that there is always absorption of 
laser irradiation at a glass surface, in normal environments, because of hydrocarbon 
and moisture contamination in addition to the optical absorption by the glass itself 
(which can be exceptionally low for high quality silica etc.) needs to be borne in mind 
in all laser processing of optical materials, including laser processing within the bulk 
using nonlinear absorption.  

Our laser cleaning studies reported to date have looked at the removal of 
micron and sub-micron sized particles from various glass surfaces using three 
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different UV nanosecond pulsed laser systems. All of these studies have been 
completed in a humid environment and are thus categorised as raised humidity or 
“damp” laser cleaning. All of the studies have measured the laser cleaning result 
affected by a single laser pulse. Excellent removal efficiencies of alumina particles 
(0.3mm –tens of microns) and silica/glass microspheres (0.3 mm - >100 mm) from 
various glass surfaces using (i) high beam quality UV-copper vapour lasers [1], (ii) a 
XeCl excimer laser [2-4] and (iii) a KrF excimer laser [5-15] have been obtained. 
Single-laser-pulse fluence of the order of a few hundred mJ/cm2 is required for laser 
cleaning. A flow of gas (dry nitrogen) is used to remove particles de-adhered and 
lifted from the surface, by the momentum transfer resulting from rapid thermal 
expansion of the particle and/or the surface, after partial absorption of the short laser 
pulse, from the processing site. Care is needed to avoid re-deposition of the particles 
on the cleaned surface. Typically at fluences in excess of 500 mJ/cm2 it is no longer 
possible to achieve removal of the particles without parallel optical damage to the 
glass surface. Identifying the damage free laser cleaning processing window is the key 
requirement of laser cleaning feasibility studies for a given material system. 
Successful laser cleaning of hydrocarbons, such as fingerprints, can be achieved with 
modest CW laser powers (typically of order of 1-5 Watts) as well as pulsed lasers. 
However, our research has shown that successful pulsed laser cleaning of waxes and 
thermopolymers (mountants used in the manufacture of optics and photonics devices) 
is dependent on the thickness of the hydrocarbon films/particles. Successful laser 
cleaning is achieved for thin films and “particles”  [16]. We have also evaluated novel 
VUV sources for this application [5, 17, 18] with successful removal of thin films of 
thermopolymers. The Macquarie University group results of pulsed laser cleaning of 
particles and hydrocarbons from glass have been reviewed in the context of the wider 
field of pulsed laser cleaning in two book chapters [19, 20]. The more recent review 
[20] is the more complete. From results of laser cleaning research overall we already 
know that laser cleaning outcomes depend on: the substrate material; the particle 
material; the substrate “preparation” ; the particle “preparation” ; the particle size; the 
degree of agglomeration of the particles; the environment in which the laser cleaning 
is carried out, the wavelength of the laser used, the angle of incidence of the laser 
beam, the fluence of the laser pulses, the duration of the laser pulse, the pulse shape; 
the pulse sequencing, and possibly the spatial coherence of the laser, and focussing of 
the laser beam. New methods of laser cleaning are still being developed and the 
interpretation of results from experiments and theory is evolving rapidly, as is 
expected in a relatively young research field. Some representative results of laser 
cleaning are discussed in section 2. 

In addition to the parametric studies of laser cleaning of particles from glass 
we have made related discoveries that include: developing a method for semi-
permanently dehydroxylating silica surfaces, rendering them more hydrophobic than 
native silica [21-24].  The surface chemistry of silica and laser dehydroxylation of 
silica surfaces is discussed in section 3. 

In section 4 more detail is given on the numerous possibilities for particle-
assisted, laser removal of material, meso-structuring, patterning, contouring, and 
cracking of glass and silica surfaces which can occur in the higher fluence regime 
where laser “damage”  occurs [25-28]. For example, an energy efficient method of 
“machining”  glass using assistance from medium densities of particles on the surface 
results in the volume of material removed by one laser pulse being increased ~1000 
fold compared to laser ablation by a single laser pulse when using the particle-
assisted-laser-material removal [25]. The “particle-on-a-surface”  material system also 
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becomes an exciting test system for measuring the forward-propagated, spatial 
distribution of the laser light at or near the surface [26-28]. Thermal coupling between 
a microsphere and a silica substrate can be achieved using an absorbing film on the 
silica surface. This can allow the spatial distribution of laser light to be visualised and 
also open up the potential to pattern and structure a silica surface in a similar manner 
as for the more absorbing glasses referenced in [28]  

 
2. Single Pulse Laser Cleaning Studies of Particles-on-Glass  
 
Small particles interfere with the manufacture and operation of devices such as fibre 
optics, integrated optics, photonic and semiconductor devices. Expensive devices can 
be rendered useless by small particles on key surfaces and, off-line, wet-chemistry-
based cleaning can represent long-time steps in manufacturing processes. Laser 
removal of particles from surfaces, particularly sub micron and nano-sized particles is 
being researched as one technique that may solve some of the high-technology, ultra-
cleaning challenges. In addition to the potential for improved manufacturing 
efficiency, environmental issues such as reducing the use of water and hazardous 
chemicals need to be addressed. Currently, developing cleaning methods to remove 
nano-sized particles from surfaces is a key cleaning challenge in the International 
Technology Roadmap for Semiconductor (ITRS) [29]. The main problem for the 
removal of small particles on clean, dry surfaces is the smaller the particle, the harder 
it is to remove due to van der Waal’s adhesion force, predominantly. For a spherical 
particle (an ideal case able to be treated theoretically), an acceleration proportional to 
1/d

2
, d being the diameter, is required to overcome the adhesion forces. An 

acceleration greater than the adhesion force divided by the particle mass must be 
generated. The primary mechanism is acceleration of the surface and/ or particle, due 
to the rapid thermal expansion of the substrate/particle caused by the temperature rise 
caused by the partial absorption, for glass materials, of the short-pulse laser 
irradiation. Other physical mechanisms can be involved. The experimental layout 
used at Macquarie University is shown in fig.1. The irradiated sample is imaged, 
using an optical microscope, both before and after laser treatment so that cleaning 
efficiency calculations can be carried out using particle counting. 
 
 
 
 
 
 
 
 
 
 

Fig 1: Schematic of experimental layout and an image of the sample translation/ 
optical microscope station. 

 
Examples of before and after laser cleaning for several different material systems are 
shown in figs. 2-5. In the reference papers quantitative graphs of the laser cleaning 
efficiency as a function of laser pulse fluence, which also allow experimental values 
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of the laser cleaning threshold fluence to be measured, can be found. Excellent 
removal efficiency can be achieved in all the examples shown though there are 
exceptions such as the poor results achieved when laser cleaning shard-like particles 
of glass from silica [13]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 2 Before (left) and after (right) images of laser removal of irregularly shaped 
alumina particles from microscope slide glass. Top row: “3 Micron”  particles 
irradiated with a fluence of 238 mJ/cm2. Bottom row: “0.1 Micron”  particles 
irradiated with a fluence of 399 mJ/cm2 Laser used was a frequency doubled copper 
vapour laser [1, 19]. 
 

 
Fig 3: Dry/ Damp Laser Cleaning of Paraffin particles. Images are a collage of 20 regions of 
interest aligned along the centre axis of the irradiating KrF laser beam. The before images are 
on the left and the after on the right. Each individual image is an area ~80mm x 50mm on the 
sample surface. A single laser pulse with fluence 218 mJ/cm2  was used [16]. 

Optical materials, such has high quality fused silica, have very low absorption. 
Typical values of 3 m-1 have been measured for the samples used in these studies. 
This value takes into account the surface absorption in an ultrasonically cleaned 
sample. Thus, it is not an optimum material for laser removal of particle 
contamination. However, studies have shown (see fig.4) that laser cleaning of silica 
microspheres from silica is much more successful than expected, based on van der 

20 Microns 
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Waals adhesion and the bulk optical properties of the materials [10, 14]. It is also 
possible to coat a thin absorbing film onto the silica surface which then provides a 
thermal coupling of the laser radiation to the surface. Such a film can be used to 
“protect”  a clean surface, from which a clean surface can be later recovered using 
laser vapourisation/ablation of the thin film, which also lifts and removes any 
contamination that has collected on the surface since the protective film was laid 
down. This is shown in fig. 5 below. 
 
 

 
 
 
 
 
 
 

Fig. 4: Before (left) and after (right) images of laser removal of 3.5 mm diameter 
silica spheres from silica, single KrF laser pulse, 195 mJ/cm2 [13].  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Before (left) and after (right) images of laser removal of 0.1 mm alumina 
particles on 3-APS coated microscope slides, single KrF laser pulse, ~240 mJ/cm2 
(top), ~ 660 mJ/cm2 (bottom) [11]. 

 

3. Pulsed UV Laser Dehydroxylation of Silica Surface 
 
The surface chemistry of fused silica (SiO2) is characterized by various hydroxyl 
groups (OH) which are attached to the silicon atoms [24, 30-33], and are formed when 
water (H2O) reacts with the residual valencies on the siloxane (Si-O-Si) surface.  
These surface hydroxyl groups are significant, as they are key sites in adhesion and 
bonding, and their concentration affects the physical performance of silica in 
photonics, microelectronics, catalysis and chromatography [33-35].  As silica is 
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amorphous, the silicon atoms on the surface are not in a ‘ regular geometrical 
arrangement’ , and hence the hydroxyl concentration across the surface varies.   

The term ‘dehydroxylation’  refers to the removal of hydroxyl groups from the 
silica surface and is normally achieved by heating the bulk material to high 
temperatures (over 1000°C) over several hours [24, 30, 33-36]. Figure 6 depicts the 
most commonly observed surface hydroxyl groups. At room temperature, physisorbed 
water occurs on the surface (see Figure 6a), and must be totally removed before 
dehydroxylation can occur. This occurs at ~200°C [33], leaving only single silanol, 
geminal, vicinal and siloxane groups on the surface.  The vicinal groups (Figure 6b) 
are removed at temperatures of ~450-500°C, while geminal (Figure 6c) and the 
majority of single silanol groups (Figure 6d) are removed between 600-900°C. Once 
the silica is heated to between 1000-1100°C, the surface is predominantly covered 
with siloxane groups (Figure 6e) [33]. 

Fig. 6: Commonly observed hydroxyl groups that form on the surface of fused 
silica: (a) at room temperature, hydrated vicinal groups (due to physisorbed water) 
occur.  Heating removes the physisorbed water, and anhydrous vicinal groups 
remain; (b) vicinal groups, hydrogen bonded; (c) geminal silanol groups; (d) single 
silanol groups – a hydroxylated surface; (e) siloxane groups – a dehydroxylated 
surface formed by heating.  Adapted from Iler [31], and Senn et al.[33] and [24]. 
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A silica surface is said to be hydroxylated when the surface is dominated by single 
silanol groups.  The surface is also hydrophilic as the polar OH groups hydrogen-bond 
water molecules to the surface.  In contrast, if siloxane groups are dominant on the 
surface, the silica is said to be dehydroxylated and hydrophobic. 

Irradiation with a pulsed, frequency-doubled, copper vapour laser (UV-CVL, 
255.3 nm) was first found to cause dehydroxylation of a silica surface [21, 22]  
During laser cleaning experiments, Halfpenny observed that the surface of a silica 
slide which had been irradiated with several hundred UV-CVL laser pulses was 
resistant to particles adhering post process. Further examination found that the surface 
was hydrophobic.  The native and laser irradiated silica surface were investigated 
using X-ray Photoelectron Spectroscopy (XPS) and Time-of-Flight Secondary Ion 
Mass Spectrometry (ToF-SIMS) from which it was discovered that hydroxyl groups 
had been removed from the laser-irradiated surface. The ratio of Si+ to SiOH+ in the 
TOF SIMS spectrum has been established as a quantitative measure of hydroxylation 
(lowest SiOH+/Si+ ratio is a measure of best dehydroxylation) [30]. The UV pulsed 
laser dehydroxylation of fused silica has been systematically quantified in subsequent 
work [23,24]. This required the development of new experimental strategies to avoid 
the effects of hydrocarbon masking of the treated silica surface, after laser treatment, 
but before TOF SIMS analysis. Figs 7 and 8 show the TOF SIMS spectrum for a 
fused silica sample with hydrocarbon masking (fig. 7) and one that has been hydrogen 
peroxide cleaned and has SiOH+/Si+ ration of 0.19� 0.02. This was reduced to 
0.12� 0.04, a partially dehydroxylated surface, by irradiation with 400 pulses from a 
KrF laser, each with a fluence of 850 mJ/cm2, at a repetition rate of 20 Hz.  

From this research recipes for the almost total dehydroxylation of fused silica, 
without parallel laser-induced optical damage, have been developed [24]. The most 
favourable parameters are those which achieve the most dehydroxylation (lowest 
SiOH+/Si+ ratio) at the lowest fluence and/or the lowest pulse number and/or the 
lowest laser repetition rate. For example, 1000 mJ/cm2 with 400 pulses at 100 Hz, 600 
mJ/cm2 with 600 pulses at 50 Hz, and 400 mJ/cm2 with 900 pulses at 100 Hz gave the 
best results with the Corning UV 7980 silica used. As with laser removal of particles, 
optical damage does ensue at elevated fluences and repetition rates. Also, it has been 
shown from the repetition rate dependency that the UV laser dehydroxylation is 
dominated by a thermal dehydroxylation process rather than being photolytic in 
nature [24]. Using the KrF laser on UV 7980 fused silica a pulse repetition frequency 
in excess of 10 Hz must be used to achieve the threshold for dehydroxylation. 
Thermal dehydroxylation has been achieved by controlled heating of fused silica in 
earlier studies [30] but the laser treatment has the advantage of being a very quick 
process which avoids phase changes in the bulk material of the silica. It is only the 
glass localised close to the surface that has a significant temperature increase. Spatial 
patterning of the dehydroxylated/hydroxylated surface is possible, as is replacement 
of the spatially patterned hydroxyls by other functional chemical groups.  
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Fig. 7 A typical spectrum for a non-irradiated surface, cleaned using the hydrogen 
peroxide process, and analysed one week after environmental exposure. The 
hydrocarbon contamination is significant [24].  

 

 
 

Fig. 8: A typical spectrum for a non-irradiated sample which has been cleaned using 
the hydrogen peroxide process and analysed immediately. The average SiOH+/Si+ 
ratio was 0.19� 0.02 [24].  

 
4. Meso-structuring, Patterning, Contouring, and Cracking of 
Glass and Silica Surfaces Using Irradiated Particles and 
Microspheres 
 
Micron, sub-micron and nano-sized particles on a surface clearly act as absorption 
centres at or near the surface. The threshold fluence/pulse energy for laser induced 
optical damage is lower for particle-on-a-surface samples than for the bulk material of 
the substrate ([25] and references there-in). Also, this fluence/pulse energy threshold 
for laser induced optical damage is lower for bulk glasses which have a density of 
absorption centres through the bulk of the glass, due to their chemical composition, 
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than it is for the best quality fused silica with negligible impurity concentration. Thus, 
studying laser irradiation of particle-on–a-surface material systems can give insight 
into the role of absorption centres in optical materials, particularly those at or near a 
surface. At elevated laser fluence levels that result in flash melting, followed by re-
solidification, or which are used to vaporise or ablate a thin film on the surface, it 
becomes possible to visualise the forward propagated laser irradiation at the surface. 
This pattern can be modified by the presence of the surface as compared to a “ free-
standing”  particle and also can depend on the spatial coherence of the laser source. 
The system becomes a significant one in which to explore these effects. Additionally, 
quite new and unexpected phenomena, involving cracking have been discovered, both 
mediated by a single particle absorption centre [14, 26-28] and by an areal density of 
particles on the surface [25].  
 The first studies of laser induced optical damage completed at Macquarie 
University were in the context of laser cleaning of irregular alumina particles (which 
tend to agglomerate) from glass and silica surfaces. A focussed, frequency doubled 
copper vapour laser was used which had a focussed beam diameter, at the sample 
surface, of the order of 100 microns. The nature of the optical damage that was 
observed in this case was fundamentally different than any of the optical damage 
topologies/geometries that had been reported at the Annual Boulder Damage 
Symposia, Laser Induced Damage in Optical Materials [37] up until that time (1999) 
and possibly since. It is a pit with approximately spherical topology, which increases 
in diameter and depth with increasing single-laser-pulse fluence. Its diameter is 
consistent with the scale of the laser beam diameter and is very large cf the alumina 
particles on the surface. The damage is more prevalent when smaller alumina particles 
are used, noting that the agglomerate sizes tend to be uniform – being made up of 
more smaller particles or fewer larger particles. It was interpreted at the time as a laser  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 9: Particle distribution on the glass surface before irradiation are shown above 
the optical damage caused by single pulse laser irradiation (image enhanced). The 
laser fluence was 200 mJ/cm2 in each case. The percentage area covered by 
particles increases from left to right: 10%, 13% and 20% with an uncertainty of 2% 
in each number [25]. 
 

20 mm
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ablation process [25] but subsequent further study has shown it is a cracking 
phenomena in the brittle silica. The energy deposited via the collection of absorption 
centres localised under the particles/agglomerates is used to create two new surfaces. 
From standard fracture physics the energy required is governed by the Griffith 
criterion. This laser cracking and expulsion of the cap of silica is more energy 
efficient for material removal than laser ablation. The topology develops in the 
systematic way shown in fig. 9 as the areal density covered by particles/agglomerates 
increases.  A “ foot”  of the cap develops which is oriented as a gravity assisted 
extension of the fracture front as the foot forms at the base of the cap in the vertically 
mounted samples. Thus, there is the potential for complex fracture phenomena to be 
initiated in samples with particle coverage. 

The fracture phenomena described above was not observed in microscope 
glass samples where the higher optical absorption of the glass samples (100% at 248 
nm and 255.3 nm in samples which are ~1.5 mm thick) leads to melt rather than 
fracture phenomena as discussed below. 

 The system of a silica microsphere on a silica substrate is an interesting 
contrast to the silica microsphere on a silicon substrate. 248 nm laser radiation is 
absorbed within a few microns in silicon therefore the irradiation pattern on the 
surface defines the volume in which the energy will be deposited. Mie scattering 
calculations for a free standing silica microsphere give an approximate image of this 
pattern, as shown in fig 10.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 10: Mie scattering radiation pattern by a 5 micron radius silica microsphere.  
Laser wavelength 248 nm. Note the near field focussing under the microsphere. 
Produced using the Mie scattering software of B S Luk’yanchuk et al. [38]. 
 
The near field focussing of the light under the microsphere in fig.10 suggested 

that this could be used for laser machining of materials, that are surface absorbers, 
such as silicon [39].  It is now an active research area to utilise arrays of microspheres 
in nano-structuring and patterning of such high absorbing materials[40-45]. The effect 
of irradiating such silica microspheres on silica substrates [26 - 28] and microscope 
slide glass [26 - 28] are significantly different to each other and also different than for 
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“surface absorbing”  materials [40 – 45]. In the case of a silica microsphere on a silica 
substrate the near field focussing of the laser pulse leads to a much enhanced fluence 
(factors of 50 being typical)  over a smaller area under the particle. The absorption of 
part of this, on nanosecond timescales, again leads to a cracking phenomena in the 
brittle silica, followed by ejection of a chip of silica. But, in this case it is a fracture 
front that is initiated at and under the centre of a single microsphere and which 
removes a trigonal-shaped volume of silica as shown in fig.11. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Optical surface profiles of the surface under a 5 mm  diameter silica 
spherical  particle on fused silica, after irradiation of the particle with a laser pulse 
of fluence ~2 J/cm2. The microsphere is removed as part of the laser/particle/surface 
interaction. The two smaller trigonal-shell-shaped pits  shown are of the order of 40 
mm x 20 mm. The depth of the pit valley is ~0.5 mm [26 – 28]. 

 
Figure 12 shows a selection of surface topologies found from optical profiling of a 
microscope-slide-glass surface that was immediately below a 5 mm diameter silica 
microsphere when irradiated with the laser pulse. At laser pulse fluence of ~1 J/cm2 
evidence of laser induced optical damage becomes clearly apparent in the modified 
surface topology in the experiment. At fluence of the order of 2 J/cm2 (as shown in 
fig. 12) this takes the form of rings consistent with a sequence of a melt, photoelastic 
reforming, followed by  resolidification of the glass surface. The radius of the rings 
scaled with the radius of the microsphere. A typical sequence was 0.50 �  0.05 mm for 
the first “bright”  ring, 1.15 �  0.05 mm  for the first “dark”  ring, 2.0 �  0.2 mm for the 
second “bright”  ring, and 2.50 �  0.05 mm for the microsphere radius. Values of these 
radii for ten samples were in the range 0.5 - 0.7 mm for the first “bright”  ring, 1.15 -
1.70 mm  for the first “dark”  ring, 2.00 – 2.55 mm for the second “bright”  ring, and 
2.50 – 3.25 mm for the microsphere radius.  
 High optical quality fused silica can be patterned and structured in a similar 
form to the glass microscope slides, via forward propagation of  laser light through a 
silica microsphere if a thin highly absorbing film is layered onto the surface [28]. This 
acts as a thermal coupler to the fused silica. Fig. 13 shows the ring contours patterned 
into fused silica coating with felt pen ink. The thin film is vapourised in the process so 
that a clean, patterned, fused silica surface is created [28]. It is anticipated this use of 
thin films on silica, for thermal coupling purposes, will have practical application in 
laser materials processing. 

 



 

 

12

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12: Optical surface profiles of the surface under a 5 mm  diameter silica 
spherical  particle on microscope slide glass, after irradiation of the particle with a 
laser pulse of fluence ~2 J/cm2. The microsphere is removed as part of the 
laser/particle/surface interaction. The images shown vary slightly in their calibrated 
size, but all are of the order of 7 mm x 8 mm. The valley to peak heights of  the rings 
range from  0.35 – 0.7 mm [26-28]. 

 
 
 
 
 
 
 
 
 

Fig. 13: Optical surface profiles of the surface contouring caused by a 5 mm  
diameter silica sphere on a felt pen coated fused silica surface, irradiated  with a 
single laser pulse (which removes the microsphere and thin film). Pulse fluence: 
1.24 J/cm2 in the left image and 2.31 J/cm2 for the right image [28]. 

 
The contour patterning of microscope-slide glass and thin film coated fused silica, 
mediated by laser irradiation of a microsphere on the surface, both result in a ring 
system contour profile which is not consistent with the laser radiation distribution on 
the surface due to focusing and backscattering between the particle and the surface 
(POS-BV theory [45]), when a laser pulse fluence of more than 1 J/cm2 is used.  
Thus, it remains as an open question to explain the irradiation forward-propagation 
pattern on the surface. It is hypothesised that this is dependent on the coherence of the 
laser light. 
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5. CONCLUSIONS 
 
The study of light-matter interactions for high quality fused silica irradiated with 
nanosecond, UV laser pulses has shown that modification of the hydroxyl 
concentration at a silica surface is possible, including in a spatially patterned manner. 
Subsequent replacement of spatially patterned hydroxyls by other chemical functional 
groups can also be contemplated. The study of the light matter interactions in a 
particle-on-a-surface system is a very rich system indeed for determining a wide range 
of possible interaction outcomes ranging from optical damage-free removal of the 
particle from the surface, through to using the particles, either individually or 
collectively, to initiate cracking phenomena for the bulk removal of brittle, low 
absorbing glasses such fused silica, through to mapping the radiation pattern of the 
laser propagated by a silica microsphere or other geometry of particle. The particle-
on-a-surface system also gives insight into what can happen with pulsed, laser 
irradiation of internal absorption centres within optical materials. Near field focussing 
and the subsequent effects of field enhancement may lead to local nonlinear optical 
responses.  
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