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Abstract. The vibrational relaxation rate of the upper laser level (00°1) in a TE COq2
laser in the presence of xylene and tripropylamine is determined by means of experi-
mental investigation of the time behaviour of the gain. It is shown that the presence of
such additives in amounts which are optimal for T CO: lasers has no influence on the
vibrational relaxation rate of the 00°1 level. The increase in the electron excitation rate
is found by experiment to be about 179 and 309 for xylene and tripropylamine, re-
spectively. At the same time the duration of the excitation current pulses decreases
considerably. The upper laser level population and the gain are calculated. The calcu-
lations show that the additives decrease the values of the 00°1 level population and the
gain, which is in a good agreement with the experimental results.

1. Introduction

The effect of organic additives with a low ionisation potential on a cw COxz laser has been
experimentally and theoretically investigated by Stefanov and Atanasov (1969) and
Atanasov (1975). It is found that these additives increase the laser output power due to
the change in the plasma parameters and depopulation of the lower laser level. The
organic additives are also used to improve the homogeneity and stability of a TEA COs
laser discharge (Levine and Javan 1973, Boulanger ef al 1973). This improvement causes
an increase of the laser output parameters (Andrews et al 1978). It is found by Apolonov
et al (1979) that the gain and the upper laser level population decrease as the tripropyl-
amine pressure increases.

The purpose of this work is to determine the effect of tripropylamine and xylene on the
upper laser level (0001) lifetime by investigating the time behaviour of the gain in the
presence of such additives. Also, the time dependence of the upper laser level population
and the gain is obtained by using the theoretical model of Andrews ez a/ (1975). In the
calculation the influence of these organic additives on laser discharge parameters is taken
into account.

2. Effect of organic additives on the upper laser level lifetime

For investigation of the effect of the additives on the upper laser level lifetime we used the
method suggested by Reid er al (1972). This method consists in incorporating two (laser
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and gain) sections in the laser cavity and studying the effect of the additional gain section
on the time delay of laser pulses with respect to current pulses at different delays between
the discharges in the two sections. For values of time considerably larger than the life-
time of the lower laser level and energy exchange time between CO2 and Ng, the effective
lifetime, 7%, of the upper laser level is determined by the equation (Reid er al 1972)

exp [—(to+1'/2) T2]=(K/g20) (t: — 1)/ (t' — tn") )

where f¢ is the time delay between current pulses in the two sections, f; is the time delay
between laser and current pulses in the laser section only, #' is the time delay between
laser and current pulses when the two sections are fired, K is a constant, gz is the peak
small signal gain in the gain section, and #n’ is the time at which the increasing gain
reaches the cavity losses.
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Figure 1. Electrical set-up; Ci’=4nF, Ci"=10nF, Cy'=Cy"=2-8nF, U=18kV-
22 kV.

The electrical set-up is shown in figure 1. The two sections have identical Dumanchin
construction (Dumanchin et al 1970). The main capacitors C1’ and Cy” are charged from
18 kV up to 22 kV from the same power supply and have values Ci'<Cy". The pump
energy densities of the gain and the laser sections at charging voltage 22 kV are 74 J -1
atm~1 and 184 J 11 atm~1, respectively. The spark gaps S; and Sg are fired with a time
delay in the range 6-90 us. The capacitors C2’ and C2" are used to supply the corona
discharges. The laser cavity consists of two gold-coated mirrors with 2-4 m radius of
curvature, at a distance of 119 cm. The laser output pulses are coupled out through the
hole (3 mm diam) in the output mirror and are detected by a gold-doped Ge detector and a
storage oscilloscope C8-2. The latter is switched on by means of a discharge current pulse
in the gain section, which is fired first. Laser action from the gain section is eliminated
through the small value of the capacitor Cy’ and by introducing the calibrated losses in the
cavity.

The results presented are for the gas mixture CO2:Na=1:1 at total pressure of
100 Torr. The experiments are carried out in gas mixtures at these pressures, so that the
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discharge has good stability and homogeneity both with and without additives. We
consider this fact important for purer investigation of the influence of organic additives
on the upper laser level lifetime, since Andrews et al (1978) report an increase of the laser
output parameters in the presence of additives in the laser, but in the case without addi-
tives most probably the discharge does not have good homogenity and stability and does
not fill the whole volume between the electrodes.

We used various organic additives such as tripropylamine, xylene and ethyl alcohol.
In our experiments the presence of these additives increased the peak current (i.e. the
maximum value of electron density) and decreased the length of the current pulses and the
peak gain.

The output pulses from the laser section with different delay with respect to the two
discharges are shown on figure 2 (plate). The peak in the beginning of the picture corres-
ponds to the discharge current in the gain section, which is not connected with the lasing.
It can be seen that output pulses from the laser section, when the two sections are fired
with different delays, have different amplitudes and delays, #;’, with respect to the current
pulses.

Equation (1) can be written as follows

In [(t:—#")/(t:' — tn" Y] =const — [to +(t:'/2)]/ T2 2)

from which T can be determined from the slope of the straight lines shown in figures
3(a, b, ¢). The slopes of the straight lines correspond to the values of Ts, which are in the
range of accuracy { +1 us) of the method. Consequently, as can be seen, the gain decay
time, i.e. the upper laser level lifetime, is not changed in the presence of the additives.
There is a good agreement between our data for the upper laser level relaxation rate with-
out additives and those obtained by Reid et a/ (1972) and Tyte (1970).

In short, it is seen from our results that the presence of the investigated additives in
the above mentioned quantities does not affect the effective lifetime of the upper laser
level. This conflicts with the results of Apolonov ef al (1979).

Additional experiments show that for the pressures of the laser mixtures in which the
discharge is stable and uniform without the presence of additives, the addition of the latter
causes decrease of the gain. This fact is observed by Apolonov ef al {1979), as pointed
out before.

When tripropylamine and xylene are added the ratio of electric field intensity to total
neutral particle number density decreases, i.e. the mean electron energy is reduced. At
the same time the peak current increases by about 309, and 179, respectively. The
pulse duration decreases also compared with the case without additives. The current
pulses are shown in figure 4 (plate) with tripropylamine (), xylene (¢) and without
additives (a).

3. Calculation of the upper laser level population and the gain in the presence of additives

The calculations of the upper laser level population n; and the gain coefficient « as func-
tions of time are carried out by means of the theoretical mode!l given by Andrews et al
(1975). On the basis of the experimentally obtained current (figures 4a, b, c) and voltage
pulses the excitation pulse duration is determined and the maximum electron density and
E/N—the ratio of electric field to neutral particle density—are calculated. The effective
rate constants for the excitation of the upper laser level of COz and the first vibrational
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Figure 3. Decay of time dependent gain: (a) without additives; 50 Torr COz+ 50 Torr
N2; px=100Torr. T>=38 us. (b) 50 Torr COz+50 Torr N2 with about 0-4 Torr
tripropylamine; T2=37 us. (c) with about 1 Torr xylene; 72=2385 us.

level of N3 are computed for CO2:Na=1:1 mixture and for the obtained values of E/N
according to Nighan (1970), Lowke et al (1973), and Engelhardt er af (1964). In the
calculations, the influence of additives on the discharge parameters is taken into account.
The presence of additives causes a small change in the form of the calculated electron
energy distribution functions and the mean electron energy is between 1-7 eV in the
presence of tripropylamine and 2'1 eV without additives. We found that the effective
rate constants do not change significantly in this region of the electron energies, i.e. the
change of the excitation rates of 0001 level of CO2 and v=1 level of N3 in presence of the
additives is caused mainly by the change of electron density. We assume that the presence
ofadditives at these pressures do not affect the upper laser level 0001 lifetime, as our results
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Figure 5. (a) The upper laser level population n1 and (b) the gain coefficient « as a
function of time. Curves: A, pco,:pny=1:1, p5=100 Torr, without additives; B, with
about 0-4 Torr tripropylamine; C, with about 1 Torr xylene.

showed. Moreover, we assume that tripropylamine and xylene do not affect the lower
laser level since we have no knowledge of investigations asserting the opposite.

The results of the calculations are shown in figures 5(a), and (b). As can be seen, the
population of the upper laser level and the gain decrease in the presence of the additives.
The decrease is more pronounced for xylene than for tripropylamine. Decrease of the
gain is also observed experimentally and there is a good agreement between theoretical
and experimental results.

These results can be explained as follows. On the one hand, because of the increase
of the peak current in the presence of additives, the maximum electron density is in-
creased, i.e. the excitation rate of the upper laser level of COz and the first vibrational
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level of Ny are increased by 309, and 179 in the case of tripropylamine and xylene,
respectively. On the other hand, the duration of the excitation pulses is decreased sub-
stantially, by about 30%,. Therefore, the decrease of the excitation pulse duration in the
presence of the additives has a stronger influence on the gain and the upper laser level
population than the increase of the excitation rate of the upper laser level of CO; and the
first vibrational level of Na.

As can be seen from figures 5(a), and (b) population of the upper laser level and gain
coefficient drop very rapidly at about 2 us because stimulated emission occurs. If the
stimulated emission is not included in the calculation, #; and o should drop very slowly
with a characteristic time equal to the observed time decay To.

4. Conclusions

It is shown that the presence of tripropylamine and xylene in amounts which are optimal
for TE COq lasers has no influence on the vibrational relaxation rate of the 0001 level of
COs. The increase of the electron excitation rate is found to be about 179 and 309/ in
the cases of xylene and tripropylamine, respectively. The calculations show that the
additives decrease the 0001 level population and the gain. This is in a good agreement
with the experimental results.

References

Andrews KJ, Dyer PE and James DJ 1975 J. Phys. E: Sci, Instrum. 8 493

Andrews K J, Bhatnagar R, Dyer PE, Salvetti G 1978 Opt. Commun. 26 228

Apolonov BB, Bunkin FV, Dergavin SJ, Kononov JG, Firsov AN, Shakir JuA and Jamshtikov VA
1979 Kvantovaja Electron. 6 1176

Atanasov PA 1975 C. R. Acad. Bulg. Sci. 28 1183

Boulanger P, Heym A, Mayor J M and Pietrzyk Z A 1973 Z. Angew. Math. Phys. 24 439

Dumanchin R, Farcy JC, Michon M and Rocca Serra J 1970 Vith Int. Quant, Electron. Conf. Kyoto

Engethardt A G, Phelps AV and Risk CG 1964 Phys. Rev. 135 A 1566

Levine JE and Javan A 1973 Appl. Phys. Lett. 22 55

Lowke JJ, Phelps AV and Irwin BW 1973 J. Appl. Phys. 44 4664

Nighan WL 1970 Phys. Rev. A 2 1989

Reid J, Garside BK and Ballik EA 1972 IEEE J. Quantum Electron. QE-8 449

Stefanov VJ and Atanasov PA 1969 C. R. Acad. Bulg. Sci. 22 867

Tyte D C 1970 Advances in Quantum Electronics: COz Lasers (New York: Academic Press)



J. Phys. D: Appl. Phys., 13 (1980)—M Petrova, P Aranasov and Ch Christov {see pp 1835-40)

Figure 2. The output pulses from the laser section with different delay with respect to
the two discharges. Time scale 5 uscm ! reduced 6079 in printing. pco,:px,=1:1;
px=100 Torr.
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Figure 4. Current pulses: (a) pco,:px,=1:1, py=100 Torr, without additives; (b) with
about 0-4 Torr tripropylamine; (¢) with about 1 Torr xylene. Time scale 100 ns cm™~!,
reduced 609 in printing; current, 80 A div-'; U=18 kV.



