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One proposed methodology for permanent optical storage is to write ‘data bits’ directly into
transparent media through the use of femtosecond laser processing, with each induced damage spot
being equivalent to one bit.1-4 Because extremely high storage densities are being targeted, it is
essential to characterize the microstructure of the induced damage spots after laser processing.
In this work, we have utilized the Focused Ion Beam (FIB) in-situ lift-off technique5 to prepared
samples from both surface and sub-surface damage spots and conventional and analytical
transmission electron microscopy to characterize the microstructure.  A femtosecond laser setup
was used to process surface and subsurface structures in lithium niobate in the form of three –
dimensional arrays of damage spots, spaced 5 mm apart both laterally and in depth.6

As shown in Figure 1, the use of the FIB lift-out technique is highly appropriate to study defect
geometries of this type, as it allows creation electron transparent samples of specific regions of the
sample, both at the surface as well as below the surface.  In Figure 2, a high magnification bright
field image of the surface defect shown in the middle of Figure 1 is presented.  The laser processing
has ablated an approximately 2 µm diameter trench in the top surface of the sample.  This trench is
surrounded by an amorphous region (confirmed by electron diffraction, not shown) that is
approximately 100 nm in thickness, surrounded by an additional region of heavily defective
material.  Energy dispersive x-ray spectroscopy (EDS) shows that the amorphous region is deficient
in oxygen.
In Figure 3, a sub-surface damage region is shown.  Here, the laser processing has again ablated a
significant region of the sample, but in this case the result is a void within the sample.  This void is
again surrounded by an amorphous region that is significantly thicker in size.  EDS across this
amorphous region shows that this region is has a higher relative concentration in oxygen, in contrast
to the observations for the surface features.  This may be a result of the high pressure inside the void
when it is created – this high pressure may result in significant densification of the material at the
void perimeter.
Within the presentation, we will discuss how these FIB-TEM observations correlate with ongoing
molecular dynamics simulations of femtosecond laser interactions with materials.7,8
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Figure 1 – (a) Secondary electron image of FIB prepared TEM specimen and (b) Bright field
transmission electron micrograph of the same.  In each, the presence of both the surface damage
spots and sub-surface features can be seen.
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Figure 2 – (a) Bright field TEM image showing the presence of an amorphous layer of approx 100
nm in thickness surrounded by a heavily defective region. (b) EDS line profile showing evidence of
sub-stoichiometric oxygen content in the amorphous region.
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Figure 3 – (a) Bright field TEM image of both a surface and sub-surface defect (from a different
sample than that shown in Figure 1). (b) EDS line profile showing excess content in the amorphous
region.
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