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Super-Resolution Optical Measurement for Ultra-Precision Machined Surface Defects by Using Structured Light
Illumination Shift (3rd report)
- Principle of Super-resolution Method with Coherent Image Iterative Reconstruction —

Ryota KUDO, Satoru TAKAHASHI and Kiyoshi TAKAMASU

Ultra-precision machined surface such as semiconductor wafer are highly demanded nowadays. 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 resolution 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. In third

report, we propose new super-resolution algorithm based on coherent imaging system, and three-light-flux interference standing wave

illumination that enables new algorithm usage. To verify new proposed method, we carried out computer simulation comparing ne w method

and conventional method. As the result, superiority of new method is confirmed. And improvement of new method robustness by increasing

standing wave shift times is also confirmed.
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Tablel  Simulation setup (5.1)

Wavelength :4 488 nm
Pitch of SWI  two-light-flux: T 254 nm

Three-light-flux: 27 508 nm
Objective lens: NA 0.95
Rayleigh limit 313 nm
SWI shift times: fgin 10

SWI shift step size: Swin T (tsnigt1)

Iteration loop times 1000, 10000, 100000

Area covered by 1 pixel 5nm
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Fig.8 200 nm gap 2-point sample
(a) Sample distribution, (b) Observed image by normal imaging
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Fig.9  Pre-processed data for super-resolution by conventional two-light-flux
interference SWI shift

(a)[llumination distribution at initial position,
(b) Multiple illumination distribution with SWI shift,
(c) Obtained images of sample of Fig.5 with SWI shift
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Fig.10  Pre-processed data for super-resolution by proposed three-light-flux
interference SWI shift

(a)[llumination distribution at initial position,
(b) Multiple illumination distribution with SW1 shift,
(c) Obtained images of sample of Fig.5 with SWI shift
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Fig.11  Results of 200 nm gap 2-point super-resolution by conventional

method, Iteration times (2)1000, (b)10000
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Fig.12  Results of 200 nm gap 2-point super-resolution by proposed method,
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Fig.13 100 nm gap 2-point sample
(a) Sample distribution, (b) Observed image by normal imaging
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Fig.14  Results of 100 nm gap 2-point super-resolution by conventional

method, Iteration times (a)1000, (b)10000, (c)100000
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Fig.15  Results of 100 nm gap 2-point super-resolution by proposed method
Iteration times (a)1000, (b)10000, (c)100000
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Table2  Simulation setup (5.2)

Wavelength :1 488 nm
Pitch of Three-light-flux SWI: 27 508 nm
Objective lens: NA 0.95
Rayleigh limit 313 nm
SWI shift times: fgin 0~20

SWI shift step size: S T/ (tahint1)
Iteration feedback times

(iteration loop times * (i +1)) Nealy 1000
S/N ratio 0,5,10%
Trial times 20

Area covered by 1 pixel 5nm
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Fig.18  Effect of SWI shift times with 10% noise
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