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Abstract Experimental research on dynamic gas lock (DGL) suppression ratio is presented. Firstly, an experimental
system of the extreme ultraviolet (EUV) vacuum DGL is designed; then the vacuum pumping system is designed
detailedly, and the practical layout of the vacuum system is developed; moreover, the experimental steps are pointed
out; finally the DGL experiments are carried out and results are analyzed to verify the theoretical model and
simulation results of the DGL. Experimental results show that suppression ratio of the DGL increases gradually as the
purge-gas flux increases when the dirty-gas outgassing is constant; suppression ratio of the DGL has nothing to do
with the dirty-gas outgassing under the same conditions; and suppression ratio of the DGL increases slowly as the
purge-gas molecular weight increases and the purge-gas flux and dirty-gas outgassing remain stable. The
experimental research on DGL suppression ratio is helpful for the development of DGL in EUV lithography machine.
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Table 1 Results of the partial pressure when the dirty gas is inflated alone

Vacuum degree of mass Partial pressure of mass Partial pressure of mass
CO, flux /scem
spectrometer chamber /Pa number 44 /A number 28 /A
0.00 6.3X10°° 4.69X10° " 9.85X10° "
0.03 6.8 X10°° 1.21X10 " 1.39X10 "
0.05 7.8X10°° 2.12X10° % 2.10X10°"
0.10 1.0X107" 4.39X10°" 3.54X107"
0.20 1.3X10°" 1.07 <10 " 7.93X10 "
0.30 1.6X107" 1.92x10 " 1.38 X 10"
0.40 1.8 107" 2.95X10 " 2.05x107"
0.50 2.1X10°" 41410 M 2.80x10 "
0.60 2.4X107" 5.50X10 " 3.68x10° "
0.70 2.7X107* 7.17x10° " 4.54X10 "
0.80 3.0X10°! 9.12x10 " 5.57x10 "
0.90 3.3X10°" 1.13 X101 6.60x 10"
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Fig. 7 Experiment results when the dirty gas is inflated alone
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Table 2 Results of the partial pressure when inflating 0.1 sccm dirty-gas and different purge-gas flux

Ar flux /slm CO, flux /scem Partial pressure of mass number 40 /A Partial pressure of mass number 44 /A
0 0 9.66x10" " 1.52x10°"
1 0.1 2.95X10° 1 6.79X10° "
0 0 1.08x10° " 1.46 10"
2 0.1 2.59x10" 1 5.41X10° %
0 0 9.78 <10~ " 1.31x10°"
3 0.1 2.29x 101 4.68X1071
0 0 7.54x10" " 1.12x107"
4 0.1 1.85x10° " 3.46X107"
0 0 1.01x10 " 9.93x10 "
5 0.1 2.02x10 ! 3.40x10 %
0 0 1.01X10° 4 9.08 <10~ "
6 0.1 1.87x107 " 3.22X107"
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Table 3 Suppression ratio results when inflating 0.1 sccm dirty-gas and different purge-gas flux

Partial pressure of mass number 44 /A Suppression
Ar flux / slm CO; flux /scem ]
Py, P, Py, P, ratio /%

1 0.1 4.69x10°% 4.39x10 % 1.52x10 % 6.79 X101 86.6

2 0.1 4.69x10° " 4.39X10° % 1.46 X104 5.41X10°% 89.9

3 0.1 4.69x10° " 4.39X10 " 1.31xX10 % 4.68X10 " 91.4

4 0.1 4.69X10°1" 4.39X10°1" 1.12x10° " 3.46X10° " 94.0

5 0.1 4.69X10°1 4.39X10° % 9.93 X101 3.40X10° % 93.9

6 0.1 4.69x10° % 4.39X10 % 9.08 <10~ " 3.22X107" 94.1
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Fig. 8 Suppression ratio comparison of simulation and experiment results under different purge-gas {lux
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Table 4 Results of the partial pressure when inflating 4 slm

purge-gas and different dirty-gas flux

Ar flux /slm CO, flux /scem Partial pressure of mass number 40 /A Partial pressure of mass number 44 /A
0 0.00 1.12X10° " 6.83x10 "
4 0.03 5.40X 10" 1.34X10° "
4 0.05 7.94X107 " 1.71 X101
4 0.20 3.39x10 " 3.83X10° "
4 0.30 6.15x10 " 8.13 X101
4 0.40 7.68Xx10° " 8.76 X101
4 0.50 1.11 X107 " 1.12Xx10° "
4 0.60 1.41X10°1" 1.27 X101
4 0.70 1.85X 1071 1.53X10" "
4 0.80 2.29 X107 1.73Xx10° "
4 0.90 2.82X107" 1.97X10 "

5 OBA A slm I )G 5 15 G MR B 10 ) 5 3 R A 2R

Table 5 Suppression ratio results when inflating 4 slm purge-gas and different dirty-gas flux

Ar flux /slm CO, flux /scem

Partial pressure of mass number 44 /A

Suppression ratio

P P Py, P,
4 0.03 4.69 X10 " 1.21x10° " 6.83X10 " 1.34 10" 91.1%
4 0.05 4.69 X10 " 2.12X107* 6.83 10~ 1.71 X107 % 93.8%
4 0.1 4.69X10°" 4.39X 1071 6.83X 10" 3.46 10" 92.9%
4 0.2 4.69X107" 1.07X10~" 6.83 10" 3.83 X107 96.9%
4 0.3 4.69X 1071 1.92x107" 6.83 10~ 8.13 X107 96.0%
4 0.4 4.69X 10" 2.95X10° " 6.83 10" 8.76 X101 97.2%
4 0.5 4.69X10°" 4.14X1071 6.83 10" 1.12X10°" 97.4%
4 0.6 4.69X10 " 5.50X10 " 6.83x10 " 1.27X10 * 97.8%
4 0.7 4.69X10° " 7.17X10° " 6.83 10" 1.53X10° " 97.9%
4 0.8 4.69X10°" 9.12x10 " 6.83X 10" 1.73 X107 98.2%
4 0.9 4.69X10 " 1.13X10 " 6.83X10 " 1.97X10 " 98.3%
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Fig. 9 Suppression ratio comparison of simulation and experiment results under different dirty-gas flux
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Table 6 Results of the partial pressure when inflating 0.1 sccm dirty-gas and 4 slm or 2 slm purge-gas

Purge-gas Purge-gas flux /slm CO; flux /scem Partial pressure of mass number 44 /A

Ar 0 0 1.12X10°"

Ar 4 0.1 3.46 107"

N, 0 0 1.07X107"

N, 4 0.1 3.47X10° "

Ar 0 0 1.46X10 "

Ar 2 0.1 5.41x10° %

N, 0 0 9.67 10"

N, 2 0.1 3.72xX10 %

He 0 0 9.12x10 "

He 2 0.1 4.77X10° 1

F 7 BA 0.1 scem JGYLIARFD 4 slm B 2 sl 35 385 A0 09 300 S 45 01
Table 7 Suppression ratio results when inflating 0.1 scem dirty-gas and 4 slm or 2 slm purge-gas
P Purge-gas CO, flux Partial pressure of mass number 44 /A Suppression
urge-gas

flux /slm /scem P P Py, P ratio
Ar 4 0.1 4.69x10° % 4.39X10 " 6.83xX10 " 3.46x10° " 92.9%
N, 4 0.1 4.69x10°% 4.39X10° % 1.07 X104 3.47X107% 93.9%
Ar 2 0.1 4.69x10 " 4.39X10 " 1.46X10 " 5.41x10 " 89.9%
N, 2 0.1 4.69x107% 4.39X10° " 9.67X10~ " 3.72X107" 93.0%
He 2 0.1 4.69Xx107% 4.39X10° % 9.12x10~ " 4,77X107% 90.2%
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Fig. 10 Suppression ratio comparison of simulation and experiment results under different purge-gas
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