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Super-Resolution Optical Measurement for Ultra-Precision Machined Surface Defects by Using Structured Light
Tllumination Shift (4th report)
- Experimental Verification of Super-resolution Method with Coherent Image Iterative Reconstruction —

Ryota KUDO, Satoru TAKAHASHI and Kiyoshi TAKAMASU

Demands for ultra-precision machined surface such as semiconductor wafer are rapidly growing. However, because of shrinking design

rules of the semiconductor, it is uprising the difficulty of detecting nano-defects. To keep process yield in manufacture line, we must develop

a defect measurement system with higher resolution, throughput, non-destructiveness and robustness. As such a measurement system, we

have proposed the application of the structured light illumination (SLI) microscopy. The proposed method is optical inspection system and

that resolving power exceeds the diffraction limit. Conventional proposed method has a difficulty about imaging system. Despite the imaging

system is coherent system, the imaging system required in conventional super-resolution algorithm is incoherent system. We proposed

algorithm based on coherent system, and three-light-flux interference standing wave illumination that enables new algorithm usage. In the

fourth report, to verify super-resolution method with coherent image iterative reconstruction experimentally, we develop the experimental

apparatus. As the result of basic experiment, 230 nm structure which can’t be resolved by conventional method is resolved by proposed

method, under the condition of Rayleigh limit 541 nm.
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Fig.1 Scattered light image modulation with structured light illumination shift'®
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Fig.3 Comparison of SWI distribution'®
(a) Amplitudc distribution, (b) Intensity distribution
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Fig.4 Block diagram of iterative super-resolution reconstruction'®
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Fig. 5 Schematic of experimental apparatus for verification of super-
resolution method with three-light-flux interference standing

wave illumination shift (Incident light path)
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Fig. 7 Photograph of experimental apparatus

Table 1  Specification of experimental apparatus

SWI pitch: two-light flux 244 nm~321 nm

three-light-flux 488 nm~ 642 nm
Resolution of SWI shift 0.8 nm

Range of SWI shift 4.15 um

Resolution of epi-illumination phase shift | 1.6 nm

Fig. 8 Schematics of moiré stripe between standing wave and periodical
structure of sample
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Table 2 Calculated results of pitch and inclination of moiré stripe
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Fig. 10 Observed moiré¢ stripe shift by three-light-flux interference
standing wave shift (without phase synchronize)
PZT shift for changing only oblique illumination phase
(a) reference position, (b) PZT@86 nm shift from (a),
(¢) PZT@86 nm shift from (b)
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Fig. 11  Observed moir¢ stripe shift by three-light-flux interference
standing wave shift (with phase synchronize)
PZT shift for changing epi-illumination and oblique illumination
phase
(a) reference position, (b) PZTM50 nm, PZT@ 100 nm shift
from (a), (c) PZTM50 nm, PZT@ 100 nm shift from (b)
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Fig. 14 Uniformed light illumination dark-field scattered light

detection image of employed sample with experimental

apparatus
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Detected value Table 3  Conditions of super-resolution experiment with coherent
) — Fitting result image iterative reconstruction
SWI pitch: two-light flux 254 nm
g 15 SWI pitch: three-light flux 503 nm
%‘ SWI shift step size 7.3 nm
s SWI shift times 70
Wavelength 488 nm
0.5 Objective lens N4 0.55
Rayleigh limit 541 nm
% 20 40 60 80 100 120 140 160 180 Area covered by 1 pixel 93 nm
Shift time Division number of 1 pixel 16
Fig. 12 Intensity modulation at one point of observed images with Iteration times 1, 10, 100, 1000

standing wave shift
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Fig. 15 Results of super-resolution experiment with two-light flux
interference standing wave shift and incoherent image
iterative reconstruction
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Fig. 16 Results of super-resolution experiment with three-light flux
interference standing wave shift and coherent image iterative
reconstruction
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Fig. 17 Schematic and observed image of sample (1D area)
(a)Schematic of sample,
(b) Schematic of scattering efficiency distribution of sample ,
(c) Uniformed light illumination dark-field scattered light detection image
of employed sample with experimental apparatus,
(d)Super-resolution result(Fig.15(d))
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Fig. 18 Comparison of several microscopy
(a) SEM, (b) Bright-field optical microscope (NA0.80, Rayleigh limit 372 nm),
(c) Dark-field optical microscope (NA0.80, Rayleigh limit 372 nm),
(d) Uniformed light illumination dark-field scattered light detection image
with experimental apparatus (NA0.55, Rayleigh limit 541 nm),
(e) Result of super-resolution experiment with coherent image iterative
reconstruction (NA0.55, Rayleigh limit 541 nm)
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