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Super-Resolution Optical Measurement for Ultra-Precision Machined Surface Defects by Using Structured Light
Illumination Shift (2nd report)
- Experimental Verification of Resolution Property by Standing Wave Illumination Shift—

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
second report, to verify the resolution property experimentally, we developed the apparatus for the basic experiment and
performed the super-resolution experiment using line and space sample. As a result, the sample structures were clearly
resolved beyond the Rayleigh limit, and improvement of robustness with redundant shift was experimentally confirmed.

Key words: optical defect measurement, ultra-precision machined surface, structured light illumination, super-resolution
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Fig.3 Schematics of apparatus for basic experiment
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Tablel  Condition of simulation
Wavelength of source: 4 488nm
Pitch of structured light illumination: 7' 500nm, 1750nm
Numerical aperture of objective: NA 0.46
Rayleigh limit: Rrayieign 650nm

Resolution limit by structured light illumination: Rsi; 314nm, 497nm

Structured light illumination shift step size: Ssnig 50nm
Illumination shift times: fin 3
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Fig.4  Super-resolution image in (a) incoherent and (b) coherent case
with, 500nm pitch of structured light illumination
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Fig.7 Super-resolution image in (a) incoherent and (b) coherent case
with 1750nm pitch of structured light illumination
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Table2  Experimental setup of the optical system
Wave length of source: 4 488nm
Positioning accuracy of PZT: ppzr Inm
Numerical aperture of objective: N4 0.46
Spot size of Spatial filter for dark field imaging: Sqarc 0.5mm
Pixel size of cooled CCD camera: sccp 8.3um
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Table3  Condition of super-resolution experiment

Pitch of standing wave illumination: T’ 1750nm
NA of objective: NA 0.46
Magnification of imaging optics: m 38
Standing wave shift step size: Ssnine 80nm
Illumination shift times: fgin 24
Iteration times: i 10
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Fig.15  Super-resolution distribution of tilted line edges
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Fig.17  Super-resolution image of line edges with defect
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