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Study on 3 Dimension Trajectory and Size Measurment of Each Operating Particle
in Nano-Scale Processing Phenomena
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Nano-particles have been using in nanoscale technologies such as

semiconductor manufacturing, drug delivery, bio-marker, etc. The directly optical remote observation
methods are required to investigate these live dynamic nanoscale phenomena, not in vacuum
environment as electron microscopy. Although, there has been no any observation result by another
research group, our group could directly observe the polishing phenomenon with our proposed
observation method and mobile optical system that have been establishing.
This research proposes a new extended method to measure the third dimension, namely, the depth or
height or distance from an operating surface or reference suface to be observed. According to the
experiments for verifying the proposed method, the method would be able to measure the third
dimension position of the moving standard 100 nm particle with the approximated deviation of +/- 20
nm in the range of 250 nm distant from the operating surface.
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Fig.-2: An analysis of scattering light from a nanoparticle on a surface in evanescent field.

~

@ z ©)
4
e D . D
I, (D)= 3 ,,,L B I [z(,(o) +5 % (1-sin o)] xwDcosOx 7-do )
- (1-Vi-Na%)p
=1, exp(-§z)? 1-exp|-€ —
(I—JI—NAI)R (D)
= Io.A 2 exp(—éz)D’
lac(Z,D)=exp(-ksz)x kiD|1-exp(-k:D)| Kik:D* ) ' lac (D) exp(-ksz)
x D?
Fig.3
G ®
D
G (® loa1, Toxz &1, &
hi/he (D) R T
z
/\ AR & _—
. ‘ » 5
Fig.3: Two scattering light intensities of different depth
position nanoparticle in multi wavelength evanescent fields
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Table.l Developed apparatus parameter

Laser Illumination
-Wavelength A 1, A, [nm] 640 450
-Power lo, lo, [mw] 8.5 8.5
-Incident angle 7 [deg] 70
CMOS Camera
-Frame rate [fps] 20
-Pixel size [um*] 3.6x3.6
-Bit Depth 8
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c) Scattering light of multi-wavelength to cal culate the nanoparticle depth z
Fig.4 Developed apparatus and calculation for verifying depth position of nanoparticle
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Fig 5 Developed polishing phenomenon
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Fig. 6 Line and space pattern observed image with

observation apparatus on mini polishing platen the developed apparatus
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Fig.7 Calculated the depth z of moving 100 nm Fig.8 Measured three dimensional
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