Subsurface damage measurements as a tool for process monitoring
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Abstract

A new method is presented that is capable of measuring the surface quality,
including subsurface damage, of optical surfaces. This method, called iTIRM, can
easily be automated and used for process control and as an investigation tool for
optical fabrication processes.
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Introduction

During the fabrication of optical surfaces, subsurface damage (SSD) is generated in the
workpiece. The nature and amount of SSD depends on the manufacturing method; brittle mode
grinding induces radial cracks, with respect to the surface, in the workpiece, which can not be
seen at the surface. The size of these cracks is related to the size of the grains used in the
grinding process. These cracks impair the optical performance of the produced optical
components and therefore, it is necessary to remove the SSD by a polishing process. Detection
and measurement of SSD will thus be a helpful tool to improve optical fabrication.

Currently, the most common technique to measure SSD is dimpling', by which locally the
depth of the SSD layer is measured in a destructive way. The method we present is based on a
nondestructive inspection method, Total Internal Reflection Microscopy (TIRM),

Within TIRM, a transparent optical component is tested using a laser beam that is incident
from beneath the surface at an angle greater than the critical angle; the beam is thus totally
reflected at the surface under test. Defects below or at the surface cause scattering, which can be
detected with a microscope positioned above the surface. The distinction between scattering
caused by defects on the surface (e.g. scratches, digs) and SSD (e.g. cracks) is obtained by
comparing the measurement results using TIRM and Nomarski MICTOSCOPY .




Measurement method

Within the framework of the presented method, we use a detector to measure the intensity of the
specularly reflected beam and the method is therefore called iTIRM (intensity-detecting TIRM).
Whenever the conventional TIRM method detects a defect by its scattering, the iTIRM method
will detect a decrease in the intensity of the specularly reflected beam because of the requirement
of energy conservation. Fig. 1 shows the measurement setup of the TIRM method with its
detector at (A) and the iTIRM measurement setup with its detector at (B).
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Fig. 1 TIRM and iTIRM measurement setup.

Application

The iTIRM method is, just as conventional TIRM, not only applicable to SSD measurements, but
it can be used for measurement and detection of all kinds of surface defects. By scanning the
laser spot (the point of total internal reflection) over the surface, the iTIRM method detects
surface defects and SSD as a function of the xy-coordinates of the surface and determines its
lateral size and depth. Focusing the laser beam on the surface will vary the resolution of the
measurements. The energy density of a beam is maximal in its focus, hence a defect will induce
more scattered light when it is in the focus of the laser beam. By shifting the focus of the beam
perpendicularly to the surface, the depth of defects in the surface can be measured.

The iTIRM signal can be related to scratch/dig standards as well as it can be used as a tool for
the characterisation of cracks and classification of different types of SSD (stress, cracks, etc).
Unlike dimpling, iTIRM does not need surface preparation and is a quick and nondestructive tool
for SSD investigation.

Comparison of an iTIRM signal from a sample surface with the signal from a well-polished
surface generates a quantitative figure of the surface quality; this quality value consists of
contributions from the roughness, scratches and digs, and SSD. Owing to its quantitative
measurement possibility and because iTIRM does not need a detector above the fabricated
surface, iTIRM can be used as an in-situ inspection technique to investigate and monitor
fabrication processes of optical surfaces, while the precise positioning of the microscope above
the beam spot in TIRM limits this possibility for TIRM. In the case of grinding, this can be used
to optimise the different fabrication parameters, and to detect the transition between brittle and







