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The invention relates to a new and durable system, which brings the possibility of accurate
size measuring and simultaneous counting of airborne particles with an aerodynamic diameter
of up to 2.5 microns.

Measuring the particulate matter contamination in a gas in the range of PM:zs is advantageous
or crucial for various applications. Monitoring the concentration of the corresponding particles,
for example in air, reveals information about pollution. The possibility of aerosol
measurements can be beneficial for private or public health as well. As some manufacturing
processes require particularly clean ambient gases, clean rooms and similar are another field
of application for the presented innovation, which stands out because of its robust, long-
lasting and uncomplicated setup.

The inventive step of the new technology includes the usage of a hollow-core optical fiber.
This component enables the trapping and acceleration of a particle along the beamline of a
laser, hence its light is getting partially scattered. By recording the transmission using a
photodiode, simultaneously information about the particle size and number can be gained
precisely.

Particles

Laser

Photo-detector

Fig.1 Fundamental measurement method

Advantages

Simultaneous counting and size measuring of particles

No degradation of the waveguide

High predictability of particle trajectories

Reproducible results

High measurement window duration due to particle trapping
Robust against external perturbations

Provision of additional information from travelling time

Low requirements for alignment accuracy

Applications

Monitoring of public air pollution (PM2.5)

In-house screening of particles

Aerosol concentration monitoring in medical applications

Investigation of particulate matter contamination in exhaust gases in industrial processes
Quality assurance in cleanrooms
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Background

Different methods of scattering-based particle detectors have been developed in the past. Free-space
detectors intersecting an unguided laser beam with a particle jet can lack accuracy due to the
inhomogeneous laser beam profile and due to an imprecise jet alignment. State of the art systems
based on light fibers, on the other hand, suffer from reduced lifetime due to fiber degradation by the
impinging particles. These detectors also struggle to provide reproducible results and are highly
sensitive to slight variations of outer parameters.

Technology

A new detection system (cf. Fig.1) has been designed to overcome the aforementioned shortcomings.
Its main housing (100) contains a laser source (21) whose light is coupled into a single mode optical
fiber (22) and fed onto a lens (23). Through a transparent window (51) the light is injected into an
internal detection casing (50) in which a hollow core optical fiber (11) is axially mounted. The
investigated particles enter the casing through a supply section (52) and exit them through an exhaust
section (53). By the optical force of the laser single particles (1) can be trapped at the input end of the
fiber (12) and get aligned and propelled along its core, partially scattering the impinging light. Hence
the counting of the particles can be achieved in a non-degradable manner giving an unlimited device
lifetime, meanwhile the particle size can be accurately determined from the amount of scattered light.
The hollow-core optical fiber is designed and the wavelength of the laser is chosen such that the
trapping and the guidance of the particles inside the core is efficient. Transmitted light leaves the inner
casing through another transparent window, is gathered by a lens (33) and coupled into another single
mode fiber (32), which transmits it to a photodiode. The signal is recorded by an analyzing device (40).

100
1\

21 %

Fig. 1: lllustration of the detection arrangement including (20) radiation device, (10) waveguide device and (30)
measuring device.
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