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Super-Resolution Optical Measurement for Ultra-Precision Machined Surface Defects by Using Structured Light
Illumination Shift (1st report)
- Theoretical Verification of Resolution Property —

Shin USUKI, Hiroaki NISHIOKA, Satoru TAKAHASHI and Kiyoshi TAKAMASU

Demands for ultra-precision machined surface such as semiconductor wafer are rapidly growing. However, shrinking
design rules of the semiconductor reduce process yield in manufacturing line. One of the biggest factors of the reduced
yield is a nano-defect on the large area surface, so we must develop a defect measurement system with higher resolving
power, throughput, non-destructiveness and robustness. Therefore an optical method with higher resolving power beyond
the Rayleigh limit is required. In order to develop an optical inspection system with high resolving power, we have
proposed the application of the structured light illumination (SLI) microscopy for the defect measurement of the
ultra-precision machined surface. It is expected that the resolving power of the system exceed the Rayleigh limit by the SLI,
and the robustness is enhanced by a image reconstruction algorithm using multiple images with shifts of the SLI. In the first
report, to verify the resolution property of the method, we carried out theoretical examination and the computer simulation.
As a result, the proposed method makes it possible to observe a structure with robustness and higher resolution beyond the
Rayleigh limit and it is suggested that this method is available to measure defects on the ultra-precision machined surface.
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Fig.7  Simulation model for resolving 2 points object

Tablel  Parameter setup for super-resolution

Wavelength of source 488nm
Pitch of structured light illumination 300nm
Sampling size 1.2nm
NA of objective 0.95
Rayleigh limit 313nm
Shift times 8
Shift step size 30nm
Iteration Times 10000
Gap of 2 points object 313nm, 250nm, 169nm
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Fig.8 Resolving the Rayleigh limited gap (313nm) by Structured light
illumination shift and iterative reconstruction of multiple images
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(A) Resuit obtained from 250nm gapped 2 points object
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(B) Result obtained from169nm gapped 2 points object

Comparison of conventional image and super-resolution image
(a) Conventional image of 2 points object
(b) Super-resolution image of 2 point object
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Fig.10  Obtained image for super-resolution
((a): Noiseless image, (b): Image with 30% random noise)
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