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Abstract As for the discharge uniformity and impedance matching problems during multi-group electrode discharge
at 3 kW high-power radio frequency (RF) slab CO, lasers, the multi-group electrode discharge model is built with
the Maxwell time domain difference method and the shunt inductor value is gained under the optimum discharge
uniformity efficiency. The impedance of total load in the discharge electrode is calculated with the combination of the
shunt inductor value and the equivalent impedance of discharge area. The impedance matching network parameters
are given with the Smith circle and the impedance of total load, and the sum of impedance of total load and matched
network impedance is 50 Q which makes the RF input power completely fed. The actual measured standing wave
ratio (SWR) is 1.18 when the discharge uniformity and impedance matching are satisfied simultaneously. The
results show that, with the matched shunt inductors added in the time domain difference method, the fluctuation of
the overall discharge uniformity of electrode slab decreases from previous 15% to 2.8% and the discharge
uniformity difference between each electrode group is within 0.3% . The discharge experiment shows that, under
the discharge uniformity and impedance matching conditions, the laser output power of 3.1 kW within 2 h can be
stable with the fluctuation within +=1%.
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Fig. 1 Discharge structure of two-group electrode RF slab with shunt inductors
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Fig. 3 Equivalent circuit of electrode discharge model
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Fig. 4 Equivalent circuit of discharge gas load
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Fig. 7 2D grid map of two-group electrode discharge model
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Fig. 8 Results of numerical simulation for two-group electrode discharge without shunt inductors.

(a) x-direction normalized voltage distribution; (b) x-direction normalized voltage distribution of the left electrode group;

(¢) 2D normalized voltage distribution
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Table 1 Mounting positions of shunt inductors mm
Direction Lo Loz Los Loy Los Los Loz Los
x 12 12 130 130 248 248 366 366
v 20 180 20 180 20 180 20 180
Direction I [z L3 [y L5 L6 Lz L
x 629 629 747 747 865 865 983 983
v 20 180 20 180 20 180 20 180
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Table 2 Discharge voltage uniformity ratio in 2 and y directions with different shunt inductor value at the same position

Voltage uniformity ratio R /%

Shunt inductor

value /nH In x direction In x direction At the peak (x =200 mm) At the valley (x =250 mm)
(left electrode group) (right electrode group) in y direction in y direction
70 7.0 7.03 0.66 1.18
45 2.8 2.82 0.80 1.33
40 5.0 4.98 0.65 2.00
20 12.0 12.05 1.94 2.97
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Fig. 9 Numerical simulation results of normalized voltage for two-group electrode discharge model with different shunt inductors.
(a) (e) (i) (m) 2D normalized voltage distribution; (b) (f) (j) (n) x-direction normalized voltage distribution;
(¢) (g) (k) (o) x-direction normalized voltage distribution of left electrode group;

(d) (h) () (p) 2D normalized voltage distribution of left electrode group
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Table 3 Experimental data at different shunt inductors
Shunt inductor value /nH  Reflecting power /W

Standing wave ratio Laser output Electrof(')p.tics conversion
power /kW efficiency /%
45 280 1.18 3.10 7.75
70 680 1.30 2.48 6.20
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Fig. 12 Stability of laser output power under discharge uniformity and impedance matching conditions
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Fig. 14 Spot images after beam shaping system under different laser output powers and different impedance matching.
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