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Optical Inspection Technology to Measure 3D Surface Shapes with Nanoscale Height Differences
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An optical inspection technology capable of instantly and precisely detecting minute defects on the surfaces of products and measuring the
three-dimensional (3D) shapes of defects is essential to judge whether products, including semiconductor devices, meet designated criteria in
various manufacturing processes. However, it is difficult for conventional imaging technologies to detect extremely minute defects with nanoscale
height differences due to decreases in brightness and contrast through slight surface inclinations.

To resolve this issue, Toshiba Corporation has developed a new optical inspection technology consisting of an optical imaging system which
convertsslight changes in the direction of reflected light from nanoscale defect surfaces into color information and an algorithm to reconstruct the
3D surface shapes based on an unsupervised deep neural network (DNN). We have confirmed the effectiveness of the technology via experiments

on a prototype showing that it can reconstruct the 3D surface shapes of defects with a height difference of 32 nm from a single image.
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Relationship between incident and reflection directions and normal
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3D reconstruction algorithm based on DNN
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Image captured using prototype optical system and angular
distribution of reflected light converted from captured image
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Comparison of reconstructed 3D shape and measurement data
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