31 2 Vol.31 No.2
2004 2 CHINESE JOURNAL OF LASERS February 2004

0258-7025 2004 02-0137-05

12 12 12 12 1 12

230031 * 100039

TN 248.3 A

Optimal Design for Small Signal Two-Stage Dye Laser Amplifiers
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Abstract The optimized dye cell length and the partition of pump laser energy between two dye cells in small signal two-
stage dye laser amplifiers were numerically analyzed using the transversely-pumped steady-state theory. A computer program
was written to find the optimized values of partition of pump laser energy and length of dye cell for a given set of
parameters.
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Table 1 Parameters used in the numerical analysis
Symbols Explanation Numerical values Ref.
O Ground state absorption cross section for pump laser 4.2x107' cm? 10
o) Effective stimulated emission cross section for signal laser 2.6 x107' cm’ 10
T, Cross section for excited-state absorption 0.91 x10 7" em? 10
oo Ground state absorption cross section for signal laser 1.25x107" em® 10
T, Spontaneous emission life 5.5 ns 1
Q Quantum efficiency 0.85 3
n Dye concentration 6.0 x10 ™" mol/L
d Radius of gain region 0.2 em
L Total length of gain region 6 cm
r Reflection coefficient of cell window 2.0x107*
T, Duration of pump laser 10 ns
A, Wavelength of pump laser 532 nm
A, Wavelength of signal laser 570 nm
E, Energy of pump laser 50 mJ/pulse
E, Energy of signal laser 10 nJ/pulse
£ Frequency of pump laser pulse 20 Hz
P. Effective factor of pump 0.9
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Table 2 Results of iteration
No. Program Initial value Optimal result Maximum of gain
1 OPUMP L, =2.0 cm P, =8.7m] 1.367 x 10°
2 OLENGTH P, =8.7m] L, =2.6 cm 1.391 x 10°
3 OPUMP L, =2.6 cm P, =8.2m] 1.392 x10°
4 OLENGTH P, =8.2m] L, =2.62 cm 1.392 x10°
5 OPUMP L, =2.62 cm P, =8.2m] 1.392 x 10°
3
Table 3 Optimal design results for different initial values
Initial value Optimal result Times
L, =1.0 cm P, =8.2mJ] L, =2.6 cm G, =1.392x10° 5
L, =2.0 cm P, =8.2mJ] L, =2.6 cm G, =1.392x10° 5
L, =2.5cm P, =8.2mJ] L, =2.6 cm G, =1.392x10° 3
L, =4.5cm P, =8.2m] L, =2.6 cm G, =1.392x10° 5
P, =1.5m] P, =8.2m] L, =2.6 em G, =1.392x10° 4
P, =10 mJ P, =8.2mJ] L, =2.6cm G, =1.392x10° 4
P, =40 m] P, =8.2mJ] L, =2.6cm G, =1.392x10° 4
4
Table 4 Comparison of laser gains under different kinds of condition
No. Condition Gain Efficiency
1 Single cell P =50 mJ L =6 cm 3.913 x 10 0.8%
2 Two cells P, =P, =25mJ L, =L, =3.0 cm 1.474 x 10° 19.0%
3 P, = P, =25 m] using program OLENGTH 9.718 x 10° 19.4%
4 L, =L, =3.0 ecm using program OPUMP 1.380 x 10° 27.6%
5 Using OLENGTH and OPUMP for a turn 1.391 x 10° 27.8%
6 Last optimal results 1.392 x 10° 27.8%
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