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Abstract

Surface defects in fused silica have been characterized using Near Field Scanning Optical
Microscopy (NSOM).  Using total internal reflection of a p- or s- polarized laser beam, optical
scattering  from defects located on the surface itself as well as in the subsurface layer of polished
fused silica has been measured by NSOM. The local scattering intensity has been compared with
simultaneously measured surface topography.  In addition, surface defects intentionally created on a
fused silica surface by nano-indentation have been used to establish a correlation between optical
scattering of s- and p- polarized light, surface morphology and the well known subsurface stress-field
associated with nano-indentation.
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1. Introduction

With the increasing emphasis on nano-fabrication technologies, the nano-scale physical
properties of materials have received intense interest.  Even at macroscopic length scales, the
properties of materials are often dominated by local, sub-micron-scale structures which, in many
cases, are formed by defects.  The importance of local properties is dramatically revealed by the
process of laser induced damage in optical materials where damage is typically initiated at the sub-
micron scale.  In recent years, atomic force microscopy (AFM) has been used to investigate surfaces
of materials at sub-micron length scales and to identify surface morphologies that initiate laser
damage1.  However, AFM provides no information about local optical properties or chemical
speciation. The emergence of near field scanning optical microscopy (NSOM) and spectroscopy
(NSOS) makes it now possible to observe both physical structure and optical properties2-9.

2. Experimental setup

The scanning head of the NSOM instrument, shown in the left image of figure 1, is based on
commercially available scanning electronics of an atomic force microscope.  The NSOM instrument
uses a pulled fiber tip with an aperture of about 100nm, as shown in the center and right images of
figure 1, for illumination of the sample or collection of optical signals, such as transmitted or
fluorescent light. The spatial resolution of the instrument is determined by the  diameter of the fiber
tip, which is much smaller than the optical wavelength. With it we have achieved topographic
resolution close to that of an AFM and have used it to study the correlation between surface
morphology and associated subsurface strain and s- and p- polarized light scattering from polishing-
induced and from intentionally produced surface defects on fused silica surfaces.



UCRL-JC-129506

0.5 µm 1 µm

Figure 1.  The scanner of NSOM instrument (left) and the top view (middle) and side view (right) a
fiber tip for light collection.

3. Characterization of polishing defects in fused silica

The process of polishing fused silica results in a  contaminated surface layer ~50-100 nm
thick.  This surface layer has been studied in the past by total internal reflected light scattering
microscopy10 and atomic force microscopy. However, the first technique provides only low spatial
resolution (>10µm) optical and surface topographic information, while the second technique only
provides surface topography at the nanometer scale.  To combine the optical scattering
measurement with scanning probe microscopy, we used NSOM to collect scattered light from a
totally internal reflected incident beam while monitoring simultaneously  surface topographic defects.
The near field optics collects the scattered  light only from the top 100nm beneath the surface. Thus
defects in the contaminated layer are imaged. Figure 2 shows side by side a topographic image and a
total internal reflection (TIR) image.  The TIR image maps light scattered from defects under
conditions where a perfect surface would have reflected all light away from the detector. Comparison
between the two types of images makes it clear that the optical scattering NSOM image (left)
reveals information one cannot see in the NSOM surface morphology image (right). This strongly
suggests that we can image subsurface defects.

sample

fiber tip

to detector

incident laser
 

Figure 2. Sketch of total internal reflection NSOM, and topographical (left) and optical scattering
(right) image of the same area (5µm square) of a polished fused silica surface.
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Since the fiber tip is held less than 10nm above the fused silica surface, the evanescent wave
from the surface is also collected by the fiber tip due to the optical coupling of the surface to the
optical fiber. Such evanescent waves are sensitive to surface and sub-surface defects in the collection
depth of the near field optics.  By changing the polarization of the total internal incident light, the
sub-surface and surface features can be distinguished due to the difference in the distribution of near-
surface and on-surface optical fields for the two polarizations.

4. Characterization of nanoindentation defects in fused silica

To better understand the NSOM optical image, we have made intentional nanometer deep
indentation--defects on a polished fused silica surface using AFM-based nano-indentation with a
diamond tip.  Figure 3 shows a topographic AFM image which reveals that the artificial pits are
~50nm in width and ~3 nm in depth. The topographic image obtained by the NSOMÕs fiber tip also
measures the surface pits. However, the resolution is limited by the size of optical fiber tip. NSOM
optical images clearly resolve the pits on the surface. Theory predicts that the maximum of the
electrical field of the totally internally reflected beam with s polarization is on the surface while p
polarization is below the surface10.  The optical image with two different polarizations agrees with
the predicted electrical field distribution. Thus, for the first time, our experiment verifies this theory
at the sub-wavelength scale. In addition, as figure 3 shows, the observed spatial size of optical
scattering is much larger than the topographic size.  This shows that the laser scattering is not
limited to the indented area, but is also generated  by the strained area produced when indenting the
material. More careful analysis is ongoing to measure the stress associated with processing on the
nano-meter scale.
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Figure 3.  AFM topographic(a), NSOM topographic(b) and NSOM optical images with s (c) and p (d)
polarization in a nano-indented fused silica sample.

5. Summary

In summary, the local scattering intensity has been compared with simultaneously measured
surface topography.  Surface defects intentionally created on a fused silica surface by nano-
indentation have been used to establish a correlation between optical scattering of s- and p- polarized
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light, surface morphology and the well known subsurface stress-field associated with nano-
indentation. We have provided new optical information concerning accidental and intentional sub-
micron defects on surfaces and sub-surfaces which is important for both ICF and industrial
applications using NSOM.
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