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Fig. 1. Schematic diagram of the LSP experimental setup.
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Fig. 2. Main energy transfer processes of plasma sustained
by CO; laser including bremsstrahlung absorption, free-free
(ff)/free-bound (fb) emission, bound-bound (bb) emission,

and thermal diffusion.
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Fig. 3. Composition of Xe plasma at different pressures.
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Fig. 4. Absorption coefficient of Xe plasmas with tempera-
ture at different pressures under the condition of 10.6 um
CO;, laser.
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grals used for calculation.
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Fig. 5. Parameters of Xe plasmas scaling with temperature at different pressures: (a) Specific heat capacity; (b) viscosity; (c) ther-

mal conductivity; (d) radiative loss power density.
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Table 2. Calculation of collisional integrals corresponding to particle pair interactions in Xe plasmas.
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Fig. 6. Setup of the LSP computational domain.
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Fig. 7. Two-dimensional (2D) profiles of the steady-state

Xe-LSP from the simulation results: (a) Temperature iso-

therm profile; (b) velocity streamline.
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Table 3. Control equations and boundary conditions of the model.
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Fig. 8. (a) Radial distribution of relative laser intensity of
Gaussian beam and annular beam at a same laser power;
(b), (c) effects of laser mode on steady LSP temperature
distribution, where (b) and (c) are the results of Gaussian
beam and annular beam at f/7, respectively. Background
gas: Xe, pressure: 5 atm, laser power: 500 W, F-number:
f/7, velocity: 10 m/s.
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Fig. 9. Temperature distributions of LSP at different times during laser propagation. Background gas: Xe, pressure: 5atm, laser
power: 500 W | Frnumber: f/7, velocity: 10m/s.
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Fig. 10. Unstable LSP generated under the condition of high laser power and high gas velocity. The gas pressure for all the results is
set to 10atm. The laser power is 5000 W and Fnumber equals to f/3.5. Panels (a)—(c) show the two-dimensional temperature
distribution of the LSP when inlet velocity is set to 10m/s at 3.6, 4.0, and 4.4ms. Panels (d)—(f) show the two-dimensional
temperature distribution of the LSP when inlet velocity is set to 20m/s at 3.6, 4.0, and 4.4 ms.
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Abstract

Laser-sustained plasma (LSP), which can be utilized for a novel radiation light source, has advantages such
as high irradiance, broad spectral range, and stable emission, demonstrating significant applications in wafer
inspection in the field of the semiconductor industry. This paper revisits the historical development of LSP
research and introduces fundamental physical processes in LSP. The mathematical description equations for
LSP and methods of calculating plasma parameters are provided, thereby a time-dependent two-dimensional
fluid model is established by taking into consideration a laser-thermal-hydrodynamic coupling effect. The
propagation of the laser in plasma is investigated based on the established model, and the fundamental
processes in LSP, including the initial evolution process, laser energy deposition, steady-state characteristics,
and instability, are explored. The effectiveness of the simulation model is confirmed through comparing with the
experimental results of high-pressure Xe LSP. The findings indicate that the mode, power, F-number of incident
lasers, as well as parameters including components, pressure, and flow velocity of gas, can all affect the steady-
state properties of LSPs. Under the identical power and F-number conditions, Gaussian mode laser and annular
mode laser both produce LSPs with different shapes and positions. Notably, under the conditions of high-power
annular laser incidence, large laser F-number, and high flow velocity, the simulation results reveal temporal and
spatial instability in LSP. These simulation results contribute significantly to a more in-depth understanding of
the underlying physical mechanisms of the LSP. Furthermore, they provide a theoretical basis for designing the
light source system and optimizing the multiple parameters. The influence of laser parameters on LSP
properties elucidated in this study not only advances the fundamental understanding of LSP but also offers
crucial insights for designing and optimizing the light source systems in various applications, particularly in the

field of optical detection for semiconductor wafer inspection.
Keywords: laser-sustained plasma, fluid modeling, multiphysics modeling, radiation and transport
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