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Summary. Electric field, electron temperature and density have been measured over the whole
range of the typical He—Cd* laser discharge conditions with the modified double-probe method.
The results can be used for explanation of the saturation effects in He—Cd* lasers.

In the recent years several papers have been published, for instance, [1—6]
which report the results of plasma parameter measurements in a positive-column
He—Cd laser discharge. A certain knowledge about such plasma parameters as
the electric field, electron temperature and density in addition to transition proba-
bilities and cross section data is necessary for investigation of excitation and satu-
ration mechanisms of a PC He—Cd* laser power output. But using the values
of plasma parameters obtained in [I—6] to estimate the excitation and destruction
processes in the He—Cd laser discharge meets with difficulties. Values proposed
by different investigators differ not only quantitatively but even qualitatively as
in the case of the determination of electron density.

Reviewing the discrepancy between the results of the previous works and follow-

g the increasing interest in determination of the plasma parameters in He—Cd
1aser discharge the demand arises to measure the electric field, electron temperature
and density. This paper reports the measurements of the electric field, electron
temperature and density in the He—Cd laser discharge in the whole region of
interest and it also comprises the comparison of the obtained results with the pre-
vious ones.

The cataphoresis type discharge tube used in these measurements was 3 mm in
diameter and about 40 cm in active length. Cadmium of natural isotopic abundance
was supplied from the sidearm placed at the 2/3 of the active length, closer to the
anode. The sidearm temperature was stabilized to better than +1/2°C. All parts
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of the tube except the small region of cadmium condensation were put in the oven
at a temperature of 350+7.5°C. The experiments were made over the following
range of parameters: the discharge current, 15—155 mA, helium pressure, 1.5—6
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Fig. 1. Reduced electric field E/p as a function of cadmium vapor pressure
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Torr, cadmium vapor pressure, 1075—2.1072 Torr. The cadmium pressure in the
discharge was estimated from the temperature of the sidearm. The plasma para-
meters: electric field, electron temperature and density were obtained using the
double-probe technique modified [7] to avoid the difficulty in getting the electron
density in the He—Cd discharge from the conventional double-probe method [1, 6].
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Fig. 2. Electron temperature as a function of cadmium vapor pressure

The results are shown in Figs. 1—3. Fig. 1 presents the reduced electric field
E/p in the He—Cd plasma as a function of cadmium vapor pressure (£ — electric
field, p — helium pressure). It is seen that the reduced electric field decreases
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rapidly with increasing cadmium pressure. The influence of cadmium vapor on the
reduced electric field is smaller at higher helium pressures. The reduced electric
field scarcely changes with discharge current but remarkably decreases when the
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Fig. 3. Electron density as a function of cadmium vapor pressure
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helium pressures is increased. The values of the E/p obtained herein are in a good
agreement with those not numerous presented in [5].

The dependence of electron temperature in He—Cd laser discharge on cadmium
vapor pressure is presented in Fig. 2. The behavior of electron temperature in He-Cd
plasma is similar to the behavior of the reduced electric field, i.e. the electron tempe-
rature depends strongly on cadmium pressure and remarkably on helium pressure.
The influence of cadmium vapor on the electron temperature becomes smaller when
helium pressure increases. The dependence of electron temperature on discharge
current cannot be neglected. Comparisons show that the values of electron tempera-
ture obtained in these experiments for the He—Cd discharge in 3 mm bore tube
are fairly close to those [1] in the 5.6 mm bore tube at equal values of the product
of pD, where p and D are the helium pressure and diameter of the tube, respectively.
" Therefore, as proposed in [8], the electron temperature in the helium-metal vapor
discharges in the different bore tubes can be estimated roughly from the pD depen-
dence. The values of the electron temperature presented in [3] are higher than those
obtained herein or in [1].

Fig. 3 shows the electron density as a function of cadmium vapor pressure. The
electron density increases almost linearly with the increasing discharge current
and a little faster than linearly when helium pressure is increased. This behavior
of electron density in He—Cd discharge was observed in [1] and [3], too. However
when the cadmium vapor pressure increases the electron density increases on th
contrary to the results of [1] and [6], where the electron density decreases over the
range of cadmium pressure between 10~5—10~3 Torr. This discrepancy is due to
the using of the conventional double-probe method in [1] and [6] to measure the
electron density in the gas mixture discharge. The modifying of conventional double-
-probe method [7] allows to obtain the present results which are in a good agreement
with not numerous results of [3] and [4] measured by a microwave cavity technique.

-

D

The region in which the optimum output power of the 4416 —A° He—Cd™*
_laser action in 3 mm bore tube is observed corresponds to a cadmium vapor pressure
e approximately 1073 Torr [5,7,9, 11]. It is seen from Figs. 1—3 that in this region
 the reduced electric field and the electron temperature rapidly decreases, whereas
the electron density begins to increase rapidly with increasing cadmium pressure.
Such behavior of the He—Cd plasma parameters affects the saturation of the
He—Cd* laser power output. It was proved [11] using the results presented herein.
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E. K. Musepauuk, Ilapamerpst miazmsel B He-Cd* sa3epe ¢ NONONKHTEIBHOM CTOJI00M

Conepmanne. Ilpu moMoid MOAMGHUIMPOBAHHOIO METOAA [BOMHOIO 30HAA HOM3BOIMINCH
W3MEpEHUsT IJIEKTPUYECKOTO TONsI, TEMIIEPATYPHl M IUIOTHOCTH 3JJIEKTPOHOB BO BCeil 06MacTH
napamMeTpoB paspsiga, TunmdHbiX st He—Cd™* masepos. ITosydyeHHbie pe3yibTaTbl MOTYT OBITH
npuMeHeHbl /i BohischbHeHus1 3¢dekToB HaceiueHnss B He—Cd™ masepax.
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