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A. ELECTRON EMISSION PROBLEMS

1. Cathode Evaluation in the Presence of Space Charge

A detailed investigation of electron emission as a function of applied voltage has
resulted in the development of theoretically derived functions needed for the interpreta-
tion of experimental data. In the retarding potential range over which the current is not
limited by space charge, the relation between current and applied voltage (v) is given by

lni=1n10-% (1)
T
where VT = T/11,600. The current (io) is that which would flow with zero field at the
emitting surface, but in general it is not observed because of the complications of space
charge. The true contact difference in potential between the emitter and the collector
is P.

Equation 1 applies only for a plane emitter located parallel to a plane collector. The
more practical problem relates to concentric cylinders, and Schottky (1) developed the
theory as it would apply to structures for which (r/R)2 is very small compared with
unity. The radius of the emitter is r and that of the collector R. There has been a
need for development of the theory of retarding potentials as it should be applied to
cylindrical structures with a small ratio (R/r). This theory has been developed and
tables computed for the ratios 1.5, 2.0, 2.5, 3.0, 4.0, and 5.0.

The results of an experimental investigation with test diodes having well-activated
oxide cathodes and a ratio of radii of 2.5 show that both the critical applied voltage at
which space charge sets in and the current flowing under that condition can be deter-
mined with accuracy with the help of the theoretical analysis described above and a
detailed consideration of the space-charge relations as they apply to this structure.
These measurements yield the thermionic constants most suitable for a description of
the cathode emission properties as a function of the temperature in the presence of
space charge. The analysis also yields a direct determination of the temperature coef-
ficient of the contact potential and a determination of the work-function of the collector.

‘ W. B. Nottingham
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since the "body" includes the majority of the electrons. Other properties, such as ion
generation and flow to a retarding probe, are dependent upon the "tail" of the distribution
function, since these processes involve high-energy electrons only.

Because coulomb interactions are much more effective for slow electrons, the low-
energy part of the distribution function is predominantly governed by electron-electron
interactions and is therefore close to a Maxwell-Boltzmann (M-B) distribution. The
average electron energy has been calculated as a function of E/p for an M-B distribution
and a somewhat arbitrary dependence of electron mean free path upon velocity. Exami-
nation of the experimental velocity dependence of mean free path for slow electrons in
Hg vapor yields a variation with the 3/2 power of electron velocity over most of the
range of interest. The resulting calculated variation of average electron energy with
E/p agrees very closely with the limited experimental data of Howe (1). When the
experimental arc is in operation, the theory will be tested with additional data.

The diffusion equations are being solved in the ambipolar limit to the next order of
approximation to determine the point at which the ambipolar approximations are no
longer valid, and to extend the range of solution of the diffusion equations in a cylindrical
plasma.

Work is being done on the "tail" of the distribution function. At the high-electron
energies (for not too high electron densities) the predominant terms of the Boltzmann
transport equation include the applied electron field and the electron-gas collisions. If
one neglects the diffusion term in the transport equation and also neglects the inelastic
collisions and assumes a constant mean free path for the electrons, one is left with the
conditions for the Druyvesteyn distribution (D-D). The general distribution function is
being calculated for a varying mean free path by expressions given in Chapman and
Cowling (2). The characteristics of the D-D tail may be obtained from a plot of log
((V—Vp)z 1) vs. (V—Vp)z
and (V —Vp) is the potential of the probe with respect to the plasma potential. Once the

where Ip is the electron current to a retarding plane probe,

d-f tail has been found experimentally, the direct ion generation can be calculated, and
the relative importance of direct and cumulative ionization can be determined. Since
the important part of the ion generation integral occurs within several volts of the ioni-
zation potential for most Hg arcs, the extensive data for P, of Hg by Nottingham have
been analytically represented to within several per cent for up to 5 volts above the ioni-
zation potential. This particular representation permits the ion generation integral to
be easily and accurately calculated by the use of standard tabulated functions without
the need for numerical integration.

Work is also being done on the solution of the Boltzmann transport equation; the
electron-electron interactions are accounted for by the use of the Fokker-Planck terms
calculated by Dreicer in his thesis (3). This equation will probably be programed for

solution on Whirlwind I.
S. Aisenberg



(I. PHYSICAL ELECTRONICS)

References
1. R. M. Howe, Ph. D. Thesis, Department of Physics, M.I.T. (1950).
2. S. Chapman and T. G. Cowling, The Mathematical Theory of Non-Uniform Gases

(Cambridge University Press, London, 1939).
3. H. Dreicer, Ph. D. Thesis, Department of Physics, M.I.T. (1955).

D. EXPERIMENTAL TECHNIQUES

1. Ionization Gauge Studies

Some additional information was obtained about the nonlinearity of ionization gauges.
With the methods and equipment described in the previous reports, the variation of ion
gauge constant K (defined by PK = i+/i_) with electron emission current i_ was meas-
ured for a Research Laboratory of Electronics (RLE) standard triode ion gauge and a
Bayard-Alpert ion gauge (Westinghouse design). The results are shown in Fig. I-4. It
appears that an appreciable error in the absolute pressure may result (up to a
factor of about 2) if the RLE gauge is calibrated at one electron current and used at
another. Accurate relative pressure values may be obtained, however, if the same

emission current is maintained.
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Normalized gauge constant vs. electron emission current.
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The current nonlinearity appears to be a function of the electron energy. Figure
I-5shows that the sense of the nonlinearity depends upon the electron collector potential.

Simultaneous calibration of a Bayard-Alpert ion gauge and an RLE triode gauge
(a MacLeod gauge was used for the absolute pressure measurement) yields a nonconstant
gauge constant for the Bayard-Alpert gauge in the lO_4 to 10_3 mm Hg pressure range
with the gauge constant about 30 per cent higher at the higher pressure. Over the same
range the RLE gauge constant is relatively independent of pressure.

To verify this pressure nonlinearity, a measurement was made of the ratio of the
B-A gauge constant to the RLE gauge constant (for constant electron current)as a func-
tion of pressure (measured by the RLE gauge) for the B-A gauge and RLE gauge sealed
off together. The pressure in the system was changed by the use of a slightly heated
electron collector spiral in the RLE gauge to increase the pressure and by the use of
ion cleanup to reduce the pressure. Figure I-6 shows the preliminary results, which
indicate that since the normalized ratio of the two gauge constants is not constant with
pressure, at least one of the gauge constants must vary with pressure. The variation
of the gauge constant ratio is predominantly due to the B-A gauge and is seen to be
about 30 per cent per decade in the 10_3 to 10-4 mm Hg pressure gauge and about 5 per

40 107° mm Hg range.

cent per decade in the 10~

A pressure nonlinearity is expected when the pressure becomes large enough so
that the electron mean free path becomes comparable with the tube size, but the
expected nonlinearity should lead to a decreasing gauge constant with increasing pres-
sure. The reason for the observed pressure nonlinearity has yet to be determined, but
it is probably connected with the increased collisions of ions and atoms with increasing
pressure and therefore increased collection efficiency of the axial ion collector of the
B-A gauge. The collection of ions for the RLE triode gauge is more direct, and there-
fore no such significant increase of ion collection efficiency is possible.

In view of this demonstrated pressure nonlinearity, the validity of the extrapolation
of the gauge constant for the B-A gauge down to the 10_9mm range has yet to be proved.

30 107* mm range may

Calibration of the B-A gauge with a MacLeod gauge in the 10~
result in an appreciable error. If the absolute pressure is not required to more than
about a factor of 2, however, the current and pressure nonlinearities will probably not

be too troublesome.
S. Aisenberg

2. High Vacuum Studies: The MassITron

The model of the MassITron reported on in the April 15, 1955, Quarterly Progress
Report proved rather difficult to build. The difficulty stemmed primarily from the exclu-
sive use of tungsten and tantalum. The brittle tungsten-to-tantalum welds broke easily

and made the filament alignment very difficult. A better design illustrated in Fig., I-7
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recorded and should allow a better determination of the relative ionization efficiency at
the voltages involved.

After three curves are taken at the third and last values of voltage, the data will be
analyzed and compared to theory.

Since the first voltage was chosen below the second ionization potential, the second
voltage in the range of accumulative ionization, and the third above the potential
required to produce a double ion of helium in one collision, the relative effects of single
and double ionization can be determined.

Work was carried out on a special ionization gauge consisting of an extra grid struc-
ture completely surrounding a modified ionization gauge such as that used in the
experiments mentioned above. The purpose of this grid is to control the number of ions
reaching the glass walls of the tube where it is thought that cleanup can be taking place.
By varying the potentials on the grid structures, it was found that the cleanup is only a
function of the electron collector current and the electron collector voltage within
experimental error of the equipment used. These studies are preliminary and will be
considered in more detail.

D. H. Dickey

4, Hall Effect in Lead Sulfide Films

A research project was undertaken whose purpose is the study of the Hall effect in
chemically deposited films of lead sulfide.

If one passes a current through a conductor (or semiconductor), perpendicular to a
magnetic field, surface charges arise to produce an electric field transverse to the cur-
rent and magnetic field. In principle, from the measurement of these transverse volt-
ages, and the conductivity, one can determine the carrier concentration and mobility.
In practice, difficulty is often met in interpreting the Hall effect because of unknown
facts about the band structure. Usually the Hall data can be satisfactorily interpreted
with the help of other experiments.

Experiments will be made on lead sulfide films produced by the Electronics Corpora-
tion of America. This organization has already done much research on these films and
has found them to be quite stable and worthy of considerable work. In conjunction with
their results, it is anticipated that the study of the Hall effect will produce additional
knowledge about the films.

In preparing equipment for the measurement of the Hall effect in these films, the
following points were considered. The films to be used have quite a high resistance,
being about 1 megohm at room temperature and increasing to as much as 106 megohms
at liquid air temperature. Thus very high impedance equipment must be used. Pre-
liminary measurements indicate that one instrument suitable for measuring the small

Hall potentials at a high input impedance is the vibrating reed electrometer. As the
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films are to be studied under various amounts of illumination and at temperatures of
400°K to 77°K, a special dewar flask with associated temperature-controlling equipment
must be used. A dewar flask with a window for illumination purposes and temperature
control equipment was designed and is being constructed. A magnet with special pole
pieces was set up and is now being calibrated and tested for homogeneity.

D. H. Dickey
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