the autolonization states of Ar 1s small [5], the contribution of the processes
of autoionization and of ionization with excitation can be found directly from
the total area of the fourth peak. Finally, the contribution of the double
ionization can be estimated from the form of the loss spectrum in the region

Q > 42 eV adjacent to the threshold for this process (not shown in the figure).

The analysis of the loss spectra has shown that the cross section of any
of the inelastic process remains small with increasing scattering angle, up to
a certain threshold value (different for each transition). After these thres-
holds are attained, the cross sections increase rapidly and experience more or
less clearly pronounced oscillations at large angles. The existence of thres-
hold scattering angles has made it possible to integrate the differential cross
sections corresponding to the ionization processes with respect to the angle,
and to obtain data on the relative contributions of these processes to the
total lonization cross section.

It was found that the contribution of the direct ionigation (2) for the
K*-Ar case, in the investigated incoming-ion energy interval does not exceed
5%. The contribution of the double ionization (4) likewise does not exceed
several per cent. The ratio of the cross sections of the ionizatlon processes
remains approximately the same also for collisions of Kt ions with Xe atoms.

It can thus be concluded that in the investigated collision-energy region
the ionization of the Ar and Xe atoms by Kt ions is determined practically com-
pletely by the autoionization process (1) and by the process of ionization with
excitation (3).

In the investigation of the scattering of Kt ions by Ne atoms, no inelastic
energy losses connected with the processes of excitation of autoionization
states and lonization with excitation were observed.

The authors are grateful to Professor N.V. Fedorenko for constant interest
in the work.
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N.A. Goryunova, E.I. Leonov, V.M. Orlov, L.F. Rodionov, and V.P.
Sondaevskiil

A.F. Toffe Physico-technical Institute, USSR Academy of Sciences

Submitted 5 October 1970

ZhETF Pis. Red. 12, No. 10, 459 - 461 (20 November 1970)

The semiconducting compound CdSnP, is one of the most interesting repre-
sentatives of the class of ternary semiconductors of the type A%B*CE. Compre-
hensive studies of the properties of CdASnP,; have shown that this material 1s a
straight-band semiconductor (AE = 1.16 eV, T = 300°K) with high carrier mo-
bility and with a many-valley conduction band [1, 2]. Cd3nP, is the first
ternary superconducting compound in which the laser effect and high-frequency
current oscillations have been observed [3, 4].
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Fig. 2. Waveform of the current
oscillation in a CdASnP, sample
(L = 1 mm) following applica-
tion of a voltage pulse with
amplitude 500 V. The abscissa
and ordinate scales are 10
m-sec/cm and 5 WA/cm, respec-
tively.

Fig. 1. Current-voltage characteristics
of a CdSnP, sample at low (1) and high
(2) illumination levels. In the region
after the break in curve 2 there occur .

N X of low-frequency current oscilla-
current osclllations, and measured tions in high-resistivity (p > 10%

values of the current are time-averaged. ohm—cm) samples of CdSnP2 doped

We report here observations

The maximum current Imax Is equal to with Cu in strong electric fields.
the current at the point of the break. The investigations were carried out
The ordinate scales are 10~ A/div for at T = 77°K on samples of various
curve 1 and 10~% A/div for curve 2. lengths with two ohmic contacts,
The sample length is L = 1 mm. illuminated with white scattered

light. Figure 1 shows the current-
voltage characteristices (CVC) of

a CdSnP2 sample 1 mm long at different illumination intensities. As seen from
Fig. 1, the CVC under weak illumination (curve 1), in fields exceeding 0.5
kV/cm, has a sublinear character with a current-saturation section that per-
sists up to 7.0 kV/ecm. At an illumination intensity in excess of a certain
threshold value, the CVC changes significantly. Low. frequency large-amplitude
current oscillations set in in fields stronger than ~1 kV/cm.

Curve 2 of Fig. 1 shows the mean values of the current at different volt-
ages applied to the sample.

The amplitude of the oscillations and the mean value of the current re-
main constant when the voltage increases to fields of V10 kV/em. The current

ratio ImaX/Imin depends on the illumination intensity and reaches 8 - 10. The

current oscillations have a relaxation character (Fig. 2), and their period
increases in the field interval 2 - 6 kV/cm from 56 to 16 msec, without chang-
ing in stronger fields, and also increases with increasing illumination in-
tensity. The threshold field corresponding to the start of the oscillations
does not depend on the 1llumination level. Probe investigations and the study
of the kinetics of the formation of the "current Jump" in the CVC have shown
that a section of negative volume differential conductivity (NVDC) appears in
the ‘investigated CASnP, samples in fields exceeding 1.0 kV/cm, and a strong-
field domain moving through the sample is produced.

Special investigations of doped and undoped CdSnP: samples have made it
possible to establish that they contain multiply-charged impurity centers of
two types. The levels of these centers, which have the same charges as the
majority carriers (electrons), EV + 0.92 eV and Ec - 0.03 eV in the filled

state, belong to the Cu atom having a double negative charge (in the CdSnP,
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doped with Cu) and to the lattice defect (in samples doped with different im-
purities and in the specially undoped samples), respectively. The observed
low-frequency instabilities in CdSnP2(Cu) may be due to the capture of hot
electrons by the repulsion centers'Ev + 0.92 eV or EC - 0.03 eV in samples

with different amounts of the compensating acceptor impurity Cu. It is possi-
ble that an important role in the formation of the NVDC is played also by the

conduction subbands lying above the absolute minimum of the band and having a

higher density of states.

[1] N.A. Goryunova, Trudy (Proceedings), IX Internat. Conf. on Semiconductor
Physics, Leningrad, Nauka, v. 2, 1267, 1969.

[2] N.A. Goryunova, V.I. Sokolova, V.M. Orlov, G.P. Shpen'kov, E.V. Tsvetkova,
ihK. Pg%ushina, and V.A. Padul, Doklady, 26th Conf. LISI, Phys. Sec., p.

s 1968.

[3] N.A. Goryunova, V.I. Sokolova, V.M. Orlov, S.M. Ryvkin, F.P. Berkovskii,
G.P. Shpen'kov, and E.V. Tsvetkova, Fiz. Tekh. Poluprov. 2, 1218 (1968)
[Sov. Phys.-Semicond. 2, 1027 (1969)]. -

[4] N.A. Goryunova, E.I. Leonov, V.M. Orlov, L.F. Rodionov, V.I. Sokolova,
V.P. Sondaevskii, Phys. Lett. 314, 393 (1970).
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We report in this article that amplification of infrared radiation was
observed when a heated mixture of carbon dioxide and nitrogen, with a small
amount of moisture, was blown through a supersonic wind tunnel, and that lasing
was produced when an optical resonator was installed in the working part of
the tunnel.

Gasdynamic infrared lasers (GL), using molecular gases and in particular
the CO02-N:2 mixture, were proposed in [1, 2]. The general ideas of devices of
this kind were discussed in [3, 4], and the theory of a C0;-N, GL was developed
in [1, 5 - 7]. The first attempt to observe population inversion of the elec-
tronic levels of xenon in a supersonic jet was described in [8]. In [9] it was
demonstrated experimentally that the physical premises on which the action of
a CO02-N; GL is based are correct. The addition of helium to the mixture, in
order to accelerate the relaxation of the molecules from the lower laser level,
led to inversion of the population of the vibrational levels of the CO; mole-
cule and resulted in pulsed lasing [10, 11]. A gas mixture of the required
composition and temperature for a GL can be obtained by burning a mixture of
carbon monoxide and air [12], or by mixing the gas in a supersonic jet [13].

Investigations of the gain of a supersonlc stream (M = 4 - 5) were made
with a previously described aerodynamlic setup [9], modified so that the gas was
expanded in a wedgelike Jjet with an aperture angle 13° and with a supersonic
section 5 e¢m long. The stagnation temperature was 1000°K, the stagnation pres-
sure 5 atm, and the dimensions of the critical section 0.5 X 100 mm. The beam
of a single-mode single-frequency CO2 laser was directed parallel to the larger
dimension of the critical section and crossed the gas stream at the point of
its emergence from the nozzle.

Figure 1 shows a time scan of the gain or absorption coefficient of a CO»
laser operating on the transition (00°1 I = 15) » (02°0 I = 14) (R branch,
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