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Abstract

In production and scientific research, the research on the characteristics of
submicron particles has attracted extensive attention, which is of great signi-
ficance to the development of industrial production, medical and health in-
spection and other fields. In this paper, the characteristics of submicron par-
ticles are studied based on backlight scattering. By collecting the real-time
waveform of the backscattering signal of particles with different particle sizes
at different concentrations, the corresponding relationship between the par-
ticle concentration and the number of pulses was obtained. It is found that
the peak value of the backscattered light energy has a good linear relationship
with the particle size. The analysis of the signal distribution law of standard
particle swarm with different particle size parameters found that it conformed
to the lognormal distribution form.
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1. Introduction

Submicron particles are widely present in production and daily life [1] [2] [3] [4]
[5]. For example, the line width and pitch of large-scale integrated circuits are
very small, which puts forward higher requirements on the production technol-
ogy of the circuit and its manufacturing environment. Not only should submi-
cron or even nano lines be etched, but circuit defects must be controlled to a
certain range in order to ensure the function and yield of the chip. However, the
particulate matter generated in the production process and the particulate mat-
ter in the production environment will make the integrated circuit lose its prop-
er function and become a waste product. Therefore, we need real-time detection

of submicron particles in the environment. In this paper, based on the genera-
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lized Mie scattering theory [6] [7], the relationship between backscattered light
energy and particle size is obtained through numerical simulation calculations.
The relationship between the backlight scattering energy and particle size and
particle concentration was studied based on the backlight scattering particle

testing technology.

2. Backscatter Calculation Principle

The experimental system for measuring the backscattering characteristics of par-
ticles is shown in Figure 1. The laser light emitted by the laser is irradiated by
the Gaussian beam condensed by the transflective mirror and lens combination
into the flowing sample cell. The backscattered light of the particles passes
through the same lens combination and transflective mirror to be accepted and
transformed into electrical signals by the detector. Finally, the electrical signals
are sent to the computer for processing.

Figure 2 is the calculated coordinates of the spatial distribution of scattered
light of particles based on the generalized Mie theory [8] [9] [10] (abbreviated as
GLMT), where Oguve is the beam coordinate system, the beam propagates
along the wdirection, and the gaussian beam waist center is O,. The coordinate
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Figure 1. Schematic diagram of backward light scattering particles.
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Figure 2. Model for calculating the spatial distribution of scattered light from particles.
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system O, xyz is the particle coordinate system, the origin of the coordinate
system is at the particle center, the z-axis is parallel to the waxis.

According to the calculation model shown in Figure 2, in the actual calcula-
tion, it is necessary to set a position of the particles in the beam coordinate sys-
tem; set the integration range « €[0,2n] and pe[0,r,, ] of the detection
point. Calculate the scattered light energy within this integration range, namely:

21 Pmax
Eva = J. I Isca(9'¢)pdpda' @
a=0 p=0
among them
R .
|Sca(9,¢):m[h(e,¢)+|2(0,¢)]. (2)

In the above formula, i,(6,4) and i,(6,¢) are scattering intensity func-
tions, which can be calculated by GLMT.

3. Relationship between Particle Size and Backscattered
Light Energy

The backscattering characteristics of the particles are closely related to the par-
ticle size. With different particle sizes, the backscattered light energy is signifi-
cantly different. Based on the principle of backscattering of particles, a program
written by Monte Carlo algorithm is used to calculate the backscattered light
energy of the particles, and the corresponding relationship between the scattered
light energy of the particles and the particle size is obtained by changing the pa-
rameters. Set the beam waist radius of the Gaussian beam to be ®=5.0, the
wavelength to be 1=0.6328, and the refractive index is 1.57, change the par-
ticle size. From the simulation calculations, it can be known that the backscat-
tered light energy has a linear relationship of linear micro-oscillation on the lo-
garithmic coordinate as the particle size changes. The line relationship is shown

in Figure 3.
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Figure 3. Relationship between particle backscattered light energy
and particle size.
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4. Experimental Research

The experimental device is built according to the experimental principle of Fig-
ure 1, in which the amplifier circuit adopts the two-stage amplification mode of
the LT1793 op-amp in series with LT1012. By adjusting the resistance ratio of
the chip input terminal to control the amplification factor, the input optical sig-
nal can be converted into a current signal and then into a voltage signal. The
space where the liquid flows inside the sample cell is a rectangular parallele-
piped, in which the height of the rectangular parallelepiped is 150 mm, and the
cross-section is a square with a side length of 10 mm. The circulating pump sys-
tem adopts BT800 type peristaltic pump, and the circulating speed is adjustable
from 500 rev/min to 2000 rev/min. The signal acquisition software is the top
view 2000 oscilloscope simulation system of Sichuan Tuopu Measurement &
Control Technology Co., Ltd. It adopts the internal trigger mode and sets the
trigger voltage to 0 V - 10 V.

The standard polystyrene particles with radii of 0.1 pm, 0.2 pm, 0.3 pm, 0.5
pum were measured by the above experimental device, and the pulse waveform
signal was obtained. Before putting the particles to be tested, start the peristaltic
pump, adjust the photoelectric detector, and reduce the noise.

Figure 4 shows the pulse waves of these four particles measured in the labor-
atory and Gaussian fitting the waveform with origin. Figure 5 shows the rela-
tionship between the peak values of these four-particle pulse waveforms and
particle size, and it is found that the linear relationship is basically consistent
with Figure 3.

5. Relationship between Backscatter Signal and Particle
Concentration

Under the same experimental conditions, particle samples were gradually added
to the cyclic sampling system. Figure 6 shows the experimental results of drop-
ping 2 drops, 3 drops and 4 drops of particles with a particle size of 0.3. From
the figure, we can see that the number of particle backscattering response signals
detected increases with increasing concentration during the same period. The
higher the concentration in the same period of time, the more particles pass
through the measurement area.

6. Statistics of Particle Light Scattering Pulse Signal Count
Distribution

In Figure 4, the scattered light energy of different particles is the maximum val-
ue selected from a large amount of data obtained in the experiment, but this
does not guarantee that the particles pass through the center of the beam waist,
so a large amount of data is required to count the relationship between the light
scattering pulse signal and the particles. During the experimental measurement,
the particles in the liquid passing through the Gaussian beam waist area are

random. Therefore, the amplitude of the backscattered pulse signal generated by
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Figure 4. Response waveforms and Gaussian fit curves of polystyrene standard particles with different particle sizes. (a) the par-
ticle waveforms of 0.1 um; (b) the particle waveforms of 0.2 um; (c) the particle waveforms of 0.3 pm; (d) the particle waveforms
of 0.5 pm.

(6]

N

w
L B e R R R R AR AR R LA

backscatter light energy

N
[ )

T
0.3 0.4 0.5
particle diameter (um)

T
0.0 0.1 0.2

Figure 5. Relationship between particle size and its peak.
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Figure 6. Scattered signals at different concentrations. (a) 2 drops of par-
ticles; (b) 3 drops of particles; (c) 3 drops of particles.
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the particles is also random, and the amplitude of these pulse signals contains
the inherent characteristics of the interaction between the particles and the beam
(such as particle size, particle refractive index, etc.).

In this paper, we try to fit the logarithmic normal distribution to the ampli-
tude of the experimental data, equation [11] is as follows:

~ 1 y _(In(v—vm)_ﬂv)2
PV Vo) = Jaro, V) T 207

, VeV, -V,) )

where V_ represents the classification interval of voltage, Vrepresents the vol-
tage value, and P(V -V, ) represents the probability value between V and
V+V,.

Under the same experimental device conditions, random measurement is
performed on the standard particles with particle sizes of 0.2 um, 0.3 um, and 0.5
pm to obtain 1000 pieces of data respectively, and the peak value of these 1000
pieces of data was counted according to formula (3) using Python language. The
data results are shown in Figure 7, where the x-axis represents voltage and the
y-axis represents probability. It can be seen from the figure that the distribution
of the pulse signal does not satisfy the center symmetry, and the voltage corres-
ponding to the peak of the amplitude distribution increases as the particle size

increases.

7. Conclusions

This article introduces a submicron particle test method for detecting backscat-

tered light signals. In the detection device of this method, the incident Gaussian
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Figure 7. Experimental (point) and fitting (solid line) results of the amplitude distribu-
tion of the laser scattering pulse signal.
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beam and the scattered beam pass through the same lens, which makes the
measurement area independent of the optical device, thereby enhancing the
shockproof performance of the measurement device, which is convenient for
practical applications.

Through theoretical analysis and experimental research on the backscattering
method, the article obtains the variation law between the particle size and par-
ticle concentration and the backscattered light energy. When the number of
samples is collected enough, the peak distribution of the pulse waveform is ana-
lyzed and it is found that the statistical amplitude distribution of the particles
agrees well with the lognormal distribution. The experimental measurement
shows that the backscattered light energy distribution of the particles has a linear
relationship with the particle size and is consistent with the theoretical analysis
results, and the number of particle backscattering response signals in the same

time period increases with increasing concentration.
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