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R. FoRMAN, J. A. GHoRMLEY, AND J. R. REIss
I'urmu Research Laboratory, Union Carbide Corporation, I'urmu, Ohio

(Received July 13, 1962)

Properties of thermionic diodes containing inert gases at pressures from 1 to 600 Torr have been deter-
mined during irradiation with gamma rays and 1-MeV electrons at dose rates to 3X10' rads/h. Anode
current maxima were observed at applied potential less than 4 V in tubes containing argon, krypton, or
xenon, the gases having Ramsauer minima in their scattering cross sections. Negative resistance in the
tube characteristics was not observed with helium, neon, or nitrogen which do not have scattering cross-
section minima. Negative resistance was observed in diodes having both planar and cylindrical geometry.
With all of the rare gases, initiation of breakdown occurred during irradiation at applied potentials less
than the ionization potentials of the gases. The diode current at a constant anode voltage increased linearly
with dose rate at low radiation intensities and approximately as the square root of dose rates at higher
intensities.

~ LECTRICAL conductivity measurements in high-
~ pressure inert gas thermionic diodes' ' have led

to observations of phenomena not heretofore reported.
One of the most interesting results of these studies is
that a simple thermionic diode has been found to be a
useful tool for analyzing extremely small fractional
ionization eBects in inert gases in the pressure range
1—700 Torr. Recently it has been shown' that thermionic
diodes containing radioactive krypton as the ambient
gas displayed negative resistance characteristics, which
were attributed to the Ramsauer minimum in the scat-
tering cross section of krypton for electrons of low
energy. Further experiments, reported here, were de-
signed to give a better understanding of the observed
phenomena.

the cold finger into a massive copper cylinder cooled
with liquid nitrogen and allowed to warm slowly. To
obtain data on neon-filled diodes as a function of pres-
sure, six separate tubes having identical dimensions
were employed.

Electrical characteristics of the tubes were measured
using a circuit similar to that employed earlier (Fig. 3

EXPERIMENTAL TECHNIQUES

Experimental tubes used in these measurements are
illustrated in Fig. 1.The two diodes are the same except
that (a) has cylindrical geometry and (b) has planar
geometry. The onlyimpurities detected by mass spectro-
metric analysis in the spectroscopic grade rare gasesused
for these experiments were 0.006 mole percent helium
in the neon and 0.01 mole percent xenon in the krypton.
Tubes were evacuated and filled with the appropriate
gas by means of the ultrahigh vacuum and gas handling
system shown in Fig. 2 of reference 1. The tubes were
processed by a procedure similar to that described for
natural krypton in reference 3.Diodes employing xenon,
krypton, and argon were filled initially to a pressure of
about 600 Torr and the lower pressures were obtained
by controlling the temperature of cold finger F, in
Fig. 1, a procedure similar to that employed previously. '
To obtain the pressure range of 10—200 Torr argon, the
cold finger was cooled with a mixture of liquid and solid
nitrogen which was subsequently allowed to warm
slowly. Higher pressures of argon and the desired pres-
sures of krypton and xenon were obtained by inserting
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' R. Forman, J. Appl. Phys. 32, 1651 (1961).' R. Forman, Phys. Rev. 123, 1537 (1961).' R. Forman and J.A. Ghormiey, J.Appl. Phys. 33, 3057 (1962).
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FIG. 1.(a) Cylindrical diode thoriated tungsten filament, A, is
0.01 in. in diameter and 3.5 cm long, supported by tantalum spring,
B.The tantalum anode, C, is 1 cm diameter and 1.25 cm long. D
is a 0.01-in.-diam tungsten filament used for degassing the anode
by electron bombardment and E is a Kemet barium getter. F
is a Pyrex glass cold finger appendage used for controlling the
vapor pressure of the inert gas contained in the glass envelope.
(b) Planar diode, G, is a 0.001-in.-thick thoriated tungsten ribbon
16 mm long and 3 mm wide. The anode, H, is of 0.003-in. tantalum
sheet 1&3 cm. I is a 0.01-in.-diam tungsten filament used for
degassing the anode. J is a Kemet barium getter and F is a cold
finger appendage as in 1(a).
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data should be obtained using a diatomic gas ambient
trogen These data for a cylindrical d~~de

are shown in Fig. 9. There are three interesting features
which should be noted: (1) the anode currents were much
lower than those obtained in identical tubes with an
inert gas ambient, (2) no negative resistance effects
were observed, and (3) no early breakdown was ob-
served in the nitrogen ambient although it was always
o served in this pressure range for inert gas-ulled diodes
when the radiation dose rate was high enough. Data
similar to that shown in Fig. 9 were obtained in nitrogen
ambients covering the range of pressure from 1—360
Torr.
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The experimental data are qualitatively consistent
with a theory developed by one of the authors and de-
scri ed in detai1 elsewhere. ' The theory assumes that
the plasma between electrodes is essentially a conductor
w ose charge density monotonically increases with in-
creasing gas pressure and radiation dose rate. It is
further assumed that current through the plasma is
determined by the charge density and the drift velocity
attaine by electrons in traversing the space between
cathode and anode. The theory shows that diodes con-
taining the gases xenon, krypton, and argon display
negative resistance characteristics as a result of the dif-
ference in elastic scattering for low- and high-energy
electrons (Ramsauer eGect) .

r R. Forman, preceding paper LPhys. Rev. 128, 1481 (1962)g.


