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Fig. 1 Model configuration of gas circulation system of high-power excimer laser. (a) Geometry; (b) computational mesh

near discharge area; (c) computational mesh near fan blade
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Fig. 2 Numerical calculation results of flow field in laser chamber. (a) Global gas flow velocity distribution; (b) global absolute

pressure distribution; (c¢) flow velocity distribution of gas between electrodes; (d) flow velocity vector diagram of gas

between electrodes
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Fig. 3 Simulated flow field in laser chamber with different turbulence models. (a) Global flow velocity distribution simulated

using RNG k- model; (b) global flow velocity distribution simulated using Realizable £-¢ model
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Abstract

Objective The dielectric gas in excimer lasers generates light via glow discharge between the main discharge electrodes,
which produces gaseous and solid discharge products and a large amount of heat in the discharge area. Generally, a
crossflow fan is used in the laser chamber to maintain and renew the gas flow in the discharge area, thus ensuring that
each discharge is not affected by the products and heat from the previous when the laser operates repeatedly. For high-
power (=> 300 W) excimer lasers, their discharge area is large; moreover, the high-power excimer lasers have higher
discharge voltage and frequency than medium- or low- power excimer lasers, so there are higher requirements for the gas
flow field between the main discharge electrodes. This article studies a 600 W high-power excimer laser with a laser
discharge voltage of up to 30 kV and a discharge repetition rate of up to 600 Hz. Its discharge area generates more
discharge products, and has a heat-generation power of close to 50 kW at full power output, so a higher gas-renewal rate
is required between the discharge electrodes. Therefore, when developing this high-power excimer laser, the structural
design of the discharge chamber and gas-circulation system within it are critical, and flow-field analysis is required to
provide a theoretical basis for the design.

Methods A multiple-reference-frame model is used to simulate the steady-state flow field in the laser. In the model, the
rotation of the crossflow fan provides all the kinetic energy of the flow field. The flow field simulation adopts the standard
k-e turbulence model. To improve the reliability of the simulation results, we also selected the renormalization group
(RNG) and Realizable k-e turbulence models for simulation calculations and compared the results.

Results and Discussions Figure 2 shows the numerical calculation results of the flow field in the laser chamber.
Figures 2 (a) and (b) show the global flow velocity distribution and absolute pressure distribution, which provide a
reference for the access position of the gas-purification system. Figures 2 (c¢) and (d) show the flow velocity distribution
and flow velocity vector diagram in the laser discharge area. The simulation results show that the gas-renewal rate in the
discharge area meets the requirements. The uniformity of the flow field in discharge area is ideal. Figure 3 shows the
simulation results using the RNG and Realizable k-e turbulence models. It can be seen by comparing the simulation results
that the flow velocity distribution trends in the laser chamber calculated by the standard, RNG, and Realizable k-e¢
turbulence models are roughly the same. Figure 4 is a comparison diagram of the distribution of flow velocity along the
central axis of the electrodes calculated using three different models. The calculated variation trend in the flow velocity on
the central axis of the electrodes is nearly the same for all three models. The simulation results show that when the fan
speed is 3500 r/min, the average gas velocity in the discharge area is higher than the target value of 32.76 m/s, and the
gas velocity is uniform. It is proven theoretically that this set of self-designed gas-circulation system can meet the working
requirements of the high-power excimer laser. The average flow velocity of the working gas between the electrodes of the
excimer laser tends to be correlated linearly and positively with the fan speed, and the torsional moment of the fan tends
to be linearly and positively correlated with the square of the fan speed. This result provides a reference for the power and
speed control of the crossflow fan drive motor when the laser operates at different frequencies. Furthermore, the
torsional moment of the fan is basically linear with respect to the air pressure in the chamber. This result provides insight
into the selection of the structural materials of the cross-flow fan, the requirements of the overall assembly rigidity of the
fan, and performance requirements of the magnetic coupler driving the fan.

Conclusions In this paper, a two-dimensional numerical study of the flow field is carried out for a self-designed high-
speed gas-circulation system in the chamber of a high-power excimer laser. The important parameters of high-power
excimer laser design, such as the renewal rate of the gas in the laser discharge area, uniformity of the gas flow, pressure
distribution in the chamber, and torsional moment of the fan, are discussed. The results provide a reference for the access
position of the gas-purification system on the chamber, power and speed control of the motor at different operating
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frequencies, selection of structural materials for the crossflow fan, rigidity requirements of the overall fan assembly, and
performance requirements of the magnetic coupler that drives the fan. The simulation results show that when the fan
speed is 3500 r/min, the average gas velocity in the discharge area is higher than the target value of 32.76 m/s, and the
gas velocity is uniform. This set of self-designed gas-circulation systems is theoretically proven to be able to meet the
working requirements of the high-power excimer laser. It should be noted that we set the cavity temperature to a fixed
value and ignore the effect of cavity temperature variation on flow filed. So, our simulation has certain difference with the
actual results.
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