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Abstract Six-temperature model was used to simulate the theoretical process of dynamical emission in an acousto-

optically (AO) Q-switched CO, laser. Then the result of the simulation is compared with the numerical calculation

results by Q-switched pulsed laser rate equations. The numerical calculation results of the two theories are consistent
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on laser output performance. However, the tail phenomenon is different between numerical calculation results of the
output mirror transmittance is obtained which is consistent with the experimental results. The theoretical analysis

six-temperature model theory and rate equations theory. The former is more in agreement with the experimental

1

results. Therefore the theory of six-temperature model more perfectly explained the process of energy transfer
between the different molecular energy levels in the laser gain medium. By using the six-temperature model theory,

the CO, pulse laser output performance as a function of the output mirror transmittance is simulated, and the optimum
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and experimental results show that the output mirror transmittance can influence the laser output performance.

Therefore the output performance of the AO Q-switched CO, laser can be improved by optimizing the transmittance of
output mirror. The measured peak power of this device is 4750 W and the pulsed width is 160 ns.

lasers; CO, laser; acousto-optically Q-switched; six-temperature model; rate equations
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Fig. 1 Schematic energy-level diagram for
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Table 1 Parameters used for solving the dynamical

equations of Q-switched CO, laser

Parameter Numerical Parameter Numerical
value value
(v /¢) /em™! 1337 h/(Je+s) 6.626X10 *
(v2/c) /em™! 667 J 18
(vs/¢) /em™! 2349 f 0.2
(v /¢) /em ™! 2330 Bmz /em™! 0.4
(vs/¢) /em™! 2150 T /8 0.2
X, /(em® «+s7')  5X10°° A /pm 10. 6
X,/Cem® s 310 ¢ (Cm"./s 1y 2.998X10"
X,/(em® «s71)  8X10° Meo, /g 7.3X107%
X,/(em® « s7') 2.3X10°°8 Meo/g 4,6X107%
X;/(em® «s71)  3X10°° My, /g 4.6X10%
E/(J+ K1) 1.38X10° % | Mu/g 6.7X10 %
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Table 2 Comparison of theoretical calculations and experimental results

Comparing results

Rate equations

Six-temperature model

Experimental result

Pulse width /ns 200 166 160

Peak power /kW 4.15 4.7 4.75
Pulse delay time /ps 3.35 2.9 3

Tail phenomenon Not obvious Obvious Obvious
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