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The Design and Experimental Study of Large Diameter

Dust Particle Counting Sensor

ABSTRACT

With the acceleration of technological advancement, new requirements
for air cleanliness in cleanrooms have emerged, especially in fields
involving high-precision manufacturing and cutting-edge technologies
such as semiconductor production, precision machinery processing, food
production, and pharmaceuticals. The cleanliness of the environment has
become a core element in production. Airborne dust particles significantly
impact the quality and safety of products, making the detection and control
of dust particles in cleanrooms crucial. In cleanrooms, personnel
movement, machinery operations, tool use, and process flows can generate
particles of various sizes, including particles larger than 5 microns. These
particles disperse through the air within the cleanroom, affecting product
quality and the manufacturing process. However, traditional particle
counting sensors have limitations in detecting particles larger than 5
microns. Thus, the development of sensors capable of detecting large dust

particles is of urgent practical necessity.
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In response to the above situation, this paper has developed a large
particle size dust particle counting sensor. Initially, the article discusses in
detail the design foundations of the dust particle counting sensor, including
its working principle, the Mie scattering theory for suspended particles,
and methods for calculating the scattered light flux of particles. Notably,
MATLAB software was used to program calculations based on Mie
scattering theory, thoroughly analyzing the impact of particle size,
wavelength, and other factors on the intensity of scattered light.

Subsequently, the paper elaborates on the detailed design process of the
dust particle counting sensor, encompassing the illumination system,
scattered light collection system, airway system, and signal processing
system. In the illumination system, aspherical mirrors are used to shape the
laser light to optimize the uniformity and effectiveness of illumination.
Moreover, to more accurately simulate the flow characteristics of the
sampling airway system, ANSYS FLUENT software was employed for
simulation analysis.

Finally, this paper successfully developed a prototype of a large-particle-
size dust particle counting sensor, and conducted experimental tests and
analysis on it. Through calibration experiments, the particle size threshold
voltage of the sensor was determined. Furthermore, comparative tests with
the commercial particle size spectrometer Promo2000 were conducted.

The results showed that the measurement deviations for both devices at



g RPN 2 TR R VAT

particle sizes of 5 um, 10 um, 25 pm, 50 pm, and 100 wm were all within
7.83%. Through concentration testing, it was found that the maximum

detection concentration of the sensor is approximately 23,500 particles/L.

KEY WORDS: cleanroom, particle counting sensor, Mie scattering

theory, beam shaping, experimental calibration
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