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PROTECTING A. CATHODE FROM THE EFFECT OF
THE ATMOSPHERIC AIR IN SECTIONAL
ELECTRONIC DEVICES

G. V. Grisha

Khar'kov

An oxide cathode is not used in the sectional structures of

the electronic devices, since by coming in contact with the atmos-

pheric air during the disassembly of the device it looses its ef-

ficiency. And it is not always possible to use other types of

cathodes in place of the oxide cathode because they are less ef-

ficient.

The existing methods for protecting an oxide cathode in the

sectional devices consist of the fact that the cathode section of

the device is separated from the other section by means of a hoist

and it is kept in a vacuum of not worse than
this method cannot always be employed and it
- even under the ideal conditions the vacuum
short period of time, deteriorate to such an
cathode will loose its efficlency. Below we

10~3 torr. However,
is not very reliable
can, in a relatively
extent that the oxide
describe a method in

which an oxide cathode can be used many times in sectional devices

and present a diagram of the apparatus utilizing this method.

To prevent cathode 1 (see figure) of device 4 from coming in

contact with the atmpspheric air, the vacuum

valve 2 closes, the

evacuation ceases, and an inert gas, which is heavier than air

(for example, argon), is admitted simultaneously through valve 3
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to that portion of the device which contains the cathode. In this
case the cathode must be located at the bottom of the device.

When the pressure of the inert gas becomes eaual or somewhat
higher than the atmospheric pressure (which can be determined by a
manometer, not shown in the figure), valve 3 of the flow regulator
is shut off. After this, the section of device U, which is separa-
ted from cathode I by the vacuum valve 2, is opened in order to
carry out the assembly operations. Since the air is lighter than
the inert gas used, the diffusion of the former into the latter
will be retarded considerably, which allows one to maintain an inert
atmosphere for the cathode for a prolonged period of time. If the
cathode 1s to be used again, the device is evacuated, after which,
the vacuum valve 2 is opened.

Since the flow of the atmospheric air to the cathode will occur
not because of the difference in pressures, as this takes place
when the cathode is in the vacuum, but due to diffusion, the cathode
can be preserved longer than when it is kept i1n a rarefied atmos-
phere. Furthermore, in our case, no rigid requirements are imposed
on the sealing devices. We will explain the aforesaid by the cal-
culation.

As is known, the amount of gas Mdiff that diffuses through the
surface S during an autodiffusion in a unit of time at the density
gradient of dp/dz is described by the expression

Mupe = D (dp/dz) S, (1)
where D - autodiffusion coefficlent equalling
D = 1/3\V. (2)

Here A =« mean free path of the gas molecule,
V - mean arithmetic velocity;

(3)
v=}/§g,

The amount of gas Mk flowdng in a unit of time through the
capillary d with length 7 due to the difference in pressures P~ Pp
can be expressed by the relatlonship
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M. =3 QR“T(PA‘P:), ()

where p - molecular welght of gas;
R - gas constant;
T - absolute temperature.

Thus, the mechanism of air penetration from the atmosphere to
the cathode, when the cathode in an atmosphere of inert gas, is des-
cribed by formula (1), and when the cathode in a rarefied atmosphere
- by formula (4). Let's analyze these formulas, taking into account
the fact that p1=pat(pat - atmospheric pressure) and P1>>P, (p2 -
pressure of gas at the cathode). Designating the concentration of
gas molecules in the atmosphere as nat and the capillary diameter
as d, we rewrite expressions (1) and (4) in the form

1 SRT _ [(dn\ =d® (5)
Maupe = 3} v:/;{I ” (.a';') Fi
@V R (6)
M= VR %

Using the ratio Mk/Mdiff and taking into account that N0m=p,
we have

_gk_:ﬂihE14 (7)
Mlmb‘ﬁ _l | (;’_’) %
: z

Assuming that the distribution of the molecule concentration
along the length of the capillary follows a linear law, we obtain

dn _ Mam — Ry Ram (8)
" N e Ay

‘ ’

since n_ . >>n_ ., . After calculating (8), expression (7) assumes

the form
M

M—._;—ﬁ{-- (9)

The mean free path of the molecule at the atmospheric pressure
1s eqaul to 0.1 p, while the capillary diameter is on the order of
one to ten microns. Thus, from formula (9) it follows that the
speed of alr penetration from the atmosphere to the cathode while
the volume is being filled with an inert gas will be several orders
less than in the case when the cathode is in vacuum.
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In comparing the rate of the atmospheric air flow into the
space occupied by the cathode, when the latter 1i1s kept in a vacuum
in an inert-gas medium, we analyzed a homogeneous gas. Actually,
the space 1s filled by a gas havier than air. 1In this case the
diffusion factor of one gas into another will be less than the
autodiffusion factor of alr, which will decrease the flow of air
into the space filled with argon even more.

Experimentally, the method was checked on an oxide cathode of
a series device; pure argon, grade A, was used. A multiple dis-
assembly of the device and a prolonged exposure of the cathode to
the argon atmosphere did not lead to a noticeable drop in the cathode
current. The space occupied by the cathode was covered by a ground-
in plate to prevent 1t from coming in contact with the atmosphere.
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