







































































































































































1.4.4 THE OXIDE-COATED CATHODE

between measured and calculated saturated currents, if the anode
voltages were more than T00 volt (corresponding to a field strength
of about 10,000 volt/cm.). The result obtained by Nottingham !
shown in Fig. 27 is similar. In this case also deviations from the
law are obtained for smaller field strengths which are chiefly due to
the differences in work function over the surface as discussed above.
With higher field strengths the measured values in a logarithmic
plot show the linear dependence demanded by equation (71).
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Fig. 27.—Measured and Calculated Values of the Saturated Current as a
Function of Anode Voltage (T=1434° K.) (Nottingham 1).

An additional effect is observed with field strengths of more than
5x 104 volt/cm. According to Seifert and Phipps,! Turnbull and
Phipps,! Mott-Smith ! and Guth and Mullin,!, 2 deviations from
the Schottky line are then obtained which are periodic in 4/E, or
v/ V4 and which are explained by reflection of the electron waves
associated with the emitted electrons at the potential barrier in
front of the cathode.

Finally it may be mentioned that an entirely new effect, the so-
called tunnel effect of wave mechanics, occurs with very high field
strengths. In this case the potential barrier in front of the cathode
becomes so narrow that the electrons can pass through unimpeded.
Consequently with these very high field strengths there is electron
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1. 6

correspondence between the result of the calculation and the
experimental result. A relatively good correspondence is obtained
by Becker’s 5 assumption of a chequerboard distribution of density,
introducing the density s within each chequerboard square as the
product of two cosine functions of the two edges of the squares.
The details of Becker’s calculations cannot be discussed here and
only the result can be given. According to this the calculated
relation between saturated current and external field corresponds
best to the experimental curves (cf. Fig. 43), if the length / of the
chequerboard squares is assumed to be between 10-4 and 10-3 cm.
and if the maximum variation 4y of the work function is between

THE OXIDE-COATED CATHODE
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Fig. 43.—Saturated Current of a W-Th Cathode as a Function of Square Root of
the Applied Field Strength for Different Densities of Adsorbed Material (Becker 5).

0-5and 1 eV. The values thus obtained for the dimensions of the
squares correspond with the size of the emission centres observed
in the electron images. Also the variation of the work function is
of the right order, as Becker and Ahearn$ measured differences in
work function up to 0-6 eV with a W-Th cathode, while according
to Morgulis and Djatlowizka ! differences can even be as much as
1-9 eV. If the internal field strength E;(z) is computed using the
values calculated for / and 44, a curve is obtained which corresponds
well with Linford’s measured values in Fig. 41.

The existence of emission patches also influences the velocity
distribution of the emitted electrons, because the slow electrons will
preferentially be prevented from overcoming the surface fields. In
agreement with this Nottingham ! when examining the emission of
W-Th cathodes, observed a deficiency in slow electrons. A
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2.8 THE OXIDE-COATED CATHODE

Becker and Brattain,2 Wigner 1). If assuming a linear dependence
as a first approximation, then

¢T=Sl‘o+j—l’;T R 1.

and by introducing this value into the emission equation:
I;=A,ST2e Mot @/dDTIRT — 4 oSe—e@VdT)k T2 p—edo kT
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Fig. 48.—Richardson Line for Tungsten.

If this equation is plotted as a Richardson line, the slope of this line
gives the work function at zero temperature and the intersection on
the ordinate the value:
A=A @Dk o (89)

This value may be considerably different from the theoretical value
Ay,=120, if the temperature-dependence of the work function is
large, the details being shown by Fig. 49. As the measured value of
A is influenced by many experimental errors, it is, however, not
possible to derive the temperature coefficient d/dT by means of
(89). Consequently, when using the Richardson line, only the
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MEASURING THE WORK FUNCTION OF METALS 2.11.4

which is emitted, if a field strength of more than 107 volt/cm. is
applied, is given by:
1/2

Ir=6-2x10"65_> 2 685x10WE = (1]0

g C+HIT (1o
In this equation a small correction term, taking account of the
image force field, has been neglected. If, corresponding to Richard-
son’s method, log Ir/E2? is plotted against 1/E, the work function can
be ascertained from the slope of the straight line obtained in this
way. This method was checked experimentally by Haefer.! It

A

[}
Avxilrar
electrode

Fig. 58.—Potential Distribution in the Experimental Set of Goss and
Henderson.!

gives the value of the work function at the measuring temperature,
but this temperature must not be very high, as the thermionic
emission must be small compared with the field emission.

Another method, using the field emission, was given by Goss and
Henderson.! They used the material to be examined as a collector
for field electrons which were accelerated by an auxiliary electrode.
Fig. 58 shows the potential distribution in their experimental set.
As the field electrons pass through the potential barrier, representing
the work function, they leave the cathode with an energy equal to
the limiting energy E, and without any initial velocity. If the
voltage between cathode and collector is varied from zero to
positive values, the electrons will only be able to meet the collector
if they reach the point Y immediately in front of the anode surface
with at least zero velocity. It is therefore necessary that the
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PHENOMENA IN IONIC SOLIDS 3.13

from normal places to interstices per unit time will be proportional
to the total number n of the ions and to the number of those ions
whose kinetic energy is larger than E; +Es. As this latter number
is proportional to exp[(Ez,+E:)/kT] according to Maxwell’s
distribution law, n, is given by:

ny=ne ExtEDRT 0 (112)

The number n, of ions passing from an interstice to a normal
lattice site will be proportional to the number n; of interstices
occupied, to the probability n;/n of finding a normal lattice site
unoccupied, and to the number of those ions in the interstices
whose kinetic energy is larger than E-. Hence:

N ot
nzne A 0§ &)

If an equilibrium is established the number of ions passing in the
two directions must be the same, or n,=n,. From this and the
two above equations it follows:

y="imeEx%T | (114)
n
where vy is called the degree of disorder. According to this equation
the degree of disorder depends exponentially on the energy Es,
named energy of disorder. .

If considering the Schottky defects, let E;, denote the energy
which must be supplied for producing a pair of vacancies (one at
an A-lattice site and one at a B-lattice site, cf. Fig. 61). Then
according to Schottky ! the degree of disorder y=n,/n, where
n, denotes the number of pairs of vacancies, is also given by an
equation similar to (114):

y=TmpEsy2T (]15)
n

The calculation of E, in this case was carried out by Schottky !
and Mott and Littleton.! Only a brief outline of the method of
calculation will be given here. The removal of a positive ion from
its normal place in the crystal lattice to infinity is considered first.
The energy necessary for this removal would be equal to the lattice
energy E; if the variation of the electrical field inside the crystal,
produced by the removal, could be neglected. This variation,
however, cannot be neglected. The electrical field produced by
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3.17 THE OXIDE-COATED CATHODE

Equation (143) therefore gives a lower limit for the internal work
function.

The exact value of the internal work function and the magnitude
of the deviation between the exact and the approximate values can
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Fig. 75.—Internal Work Function y—{£ of a Semi-conductor as a Function of
Temperature. Exact Values full lines, Approximate Values, broken lines.

be seen from Fig. 75 for two different values of y—o. According
to this figure, the internal work function is equal to nearly half the
energy difference y—o for large values of n,, while considerably
larger work functions are obtained for smaller values of n,, es-
pecially if the temperature is high at the same time. The curves
given for the internal work function in Fig. 75 have not been
confirmed experimentally yet, but it may be noted that the same
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PHENOMENA IN IONIC SOLIDS 3.17

temperature-dependence of the interference energy y—o would
influence the measured value of a, to a certain degree in the same
manner as the emission constant in the Richardson equation is
influenced by a temperature-dependence of the work function. If
such a temperature-dependence of y —o exists, only the value of
x —o extrapolated to T=0 is obtained from (149).

If condition (143a) is not fulfilled, equations (142) and (146) must
be used for the internal work function and the number N, of
electrons in the conduction band, instead of the approximate
equations (143) and (147). The straight line, representing the
number N, or the conductivity « in the logarithmic plot, will then
also be obtained at lower temperatures, but this line will bend to-
wards the temperature axis at higher temperatures (cf. Fig. 76),
thus showing that almost all the electrons from the interference
levels have moved into the conduction band. A saturation con-
dition will thus be obtained and eventually a further increase in
conductivity will no longer be possible. In this event a decrease
of conductivity with increasing temperature may even be observed
at sufficiently high temperatures due to the decrease of the mean
free path /in (135) with increasing temperature (cf. Fig. 81).

The above formule were derived for excess semi-conductors.
They can also be applied to the other two classes, the defect and the in-
trinsic semi-conductors. The formul& remain exactly the same for
defect semi-conductors, n, then denoting the number of electron holes.

After having undertaken these calculations, using the two simplify-
ing assumptions made on page 131, we shall now consider more
general cases in which one or the other of these assumptions is not
fulfilled. At first we assume that the n, electrons coming from the
level o in the excess atoms may not only be attached to those n,
excess atoms but that there are more places in the crystal lattice to
which these electrons may go, even when they are not located in the
conduction band. An example for such a case may be given by
considering the right-hand side of Fig. 64 showing a crystal lattice
AB with a certain number (4) of vacancies at A-lattice sites and a
smaller number (2) at B-lattice sites. There is an excess of B-atoms
(encircled) in this lattice due to the difference in the respective
numbers of vacancies. One can easily see, however, that in this
case the electrons in the conduction band need not necessarily return
to their original (encircled) B-ions, but may be trapped by other
B-ions near the two additional vacancies at A-lattice sites.

The number of such additional vacancies or electron traps will be
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ACTIVATED OXIDE COATING IN EQUILIBRIUM 4.20

mainly be used, implying that a band of interference levels of the
width 4o exists (cf. Fig. 90). If condition (143a) is fulfilled the value
(x—{)40=0 in (160), indicating the internal work function for zero
width of the interference band, can be approximated to by intro-
ducing the interference density n.7) instead of n, into equation (143).
It may be repeated here that the interference density a7, indicates
the number of excess barium atoms whose interference levels lie in a
strip of the width kT in the interference band (cf. pp. 139, 140).
Using the approximate value of (x —{) 4, —ofrom (143), (160) becomes:

oy (CTY
Gappr=3%[x—(c+40)]4+0-99 x 10~4TIn ——— . (173)
Nr)
The deviation between this approximate value and the exact value
of ¢ will be seen from Fig. 75 for nr, instead of n, and for o+4do
instead of o.

The fact that the internal work function according to (173)
depends on the width do of the interference band may be used to
explain the increase in emission during the activation of the cathode.
As outlined in Sec. 17, the width 4o will increase with increasing
number of excess atoms, and both the internal work function
according to (173) and the total work function according to (172)
will therefore decrease during activation. An increasing emission
current is therefore observed.

For deriving the equation of the emission current, the value of the
density N, of electrons in the conduction band, given, for instance,
by (140), must be used. The fraction of N, having an energy
larger than y+3 will be enabled to overcome the potential barrier
at the surface and will give the required emission current. It must
be borne in mind, however, that the energies of the electrons in the
conduction band are not distributed according to Fermi as with
metals, on account of the fact that the electron density in this band
is very small. The density can be estimated from (147), if the
number n, of excess atoms and the energy y—o are known.
Using the value n,=1 x 10!% from (171) and an approximate value
x—o=06 eV as found by the conductivity measurements (cf.
Sec. 22), we obtain N,~10'8 cm.™3 for the operating temperature
T=1000° K. An application of equation (14) then gives the
critical temperature T,~30°. As this temperature is exceeded
by more than a factor ten during the operation of the cathode, a
Maxwell distribution of the electrons will exist in the conduction
band.
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4.21.6 THE OXIDE-COATED CATHODE

different valves differing considerably from each other. In the
range below 800° K., however, a widely varying negative tempera-
ture coefficient between —2 and — 15 x 103 eV/degree was measured.
The existence of such a negative coefficient may be doubted, as it
gives, for example, at 400° K. a work function of about 3 eV and
a saturated current of about 103! amp./cm.2 (for 4y=120). The
saturated current which is really measured with fully activated
cathodes at this temperature is about 10-10 amp./cm.2.

Further evidence of the magnitude of the temperature coefficient
can be obtained from the measurements of the work function
by Huber,! which were carried out by the intersection method.
Huber’s values, which are valid for the emissive mean value ¥,
are between 2 x 10-5 and 8-8 x 10~4 eV/degree with a mean value of
3x 104 eV/degree; they refer to the temperature range between
600° and 1000° K. Exact values of the temperature coefficient are
still to be established. It is not yet possible to decide if the
temperature-dependence is only due to taking the mean value of
the work function (temperature-dependence of ¥) or if an additional
temperature-dependence of the individual work functions exists
(temperature-dependence of ’i’, cf. Sec. 12). Another question not
yet examined is whether the temperature coefficient of the work
function varies with the magnitude of the work function, depending
on the state of activation.

Recently Smith ! has used the measurement of the stopping
potential which must be applied for preventing photo-electrons
from reaching the anode (cf. 11.2), in order to determine the tem-
perature dependence of the work function of silicon and germanium,
these semi-conductors being the anode of his experimental set. An
application of this method to the oxide cathode is not known yet.

The temperature-dependence of the work function is normally
so large (up to 10-3 eV/degree) that it must be taken into account
when comparing values of the work function measured at different
temperatures. This fact also explains that the work functions,
obtained from contact potential measurements at temperatures
between 600° and 800° K., are throughout higher than most values
obtained by the Richardson method, being valid for T=0 (cf.
Table XXI). Since according to equation (89) the temperature
coefficient of the work function influences the value measured for
the emission constant 4 by the Richardson method, the temperature
coefficient can be estimated from this value of 4. An approximate
value for the work function at higher temperatures can thus be
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5. 26.1 THE OXIDE-COATED CATHODE

temperature. This fact was confirmed by further observations
of Benjamin and Rooksby, showing that the emission current of a
mechanical mixture BaO-SrO increases if this mixture is transformed
into mixed crystals by heating

Amps. { at about 1200° K. (cf. Vol. I,
om 70 T=1020°K Sec. .

L “\ If the saturated current of

¥ z/ S oxide cathodes, consisting of

] mixed crystals [BaSr]O of diff-

07 erent compositions, is plotted

against the composition ex-

1072 - pressed in mol. %, a curve

10-3 T=640°K is obtained showing a maxi-

. o) ¥ P mum at approximately equal

Js 10-4 ,/ amounts of BaO and SrO. Fig.

T ¥ % 108 shows this curve according

0-5 N to the most recent measure-

ments made by Huber.1*

10-6 The mixtures used for these

_ measurements were made of

107 alkaline earth carbonates pre-

cipitated together (cf. Vol. I,

7078 Sec. 4); the experimental con-

5] | ditions were the same as for

10 66 G0 80 Thome/sa0 theexaminations of pure

00 80 60 40 20 0 -870 alkaline earth oxides de-

Fig. 108.—Density j, of the Saturated Current of scribed in the preceding
an Oxide Cathode, consisting of Mixed Crystals _
[BaSr]O, as a Function of Composition (Huber!). paragraph.  The Sat%‘

rated currents shown in

Fig. 108 were measured at 640° K. and extrapolated to external field
zero by equation (182). The values given for 1020° K. were obtained
byextrapolation according to the method of Hinsch.! As can be seen
from the figure, the saturated current increases rapidly when giving
small additions of BaO to the pure SrO, the increase amounting to
two powers of 10 for 5% BaO (at 1020° K.). If the amount of BaO
is increased further, a more gradual increase in emission of about
one power of 10 is obtained, until a flat maximum is reached at a
composition of 50 : 50 mol. %. Eventually the saturated current
falls again by one power of 10 down to the pure BaO.

* Pulsed emission measurements which were recentlv undertaken by Widell and
Hellar! gave the emission maximum at 709, SrO.
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OXIDE COATINGS OF DIFFERENT COMPOSITION 5. 26.2
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FiGs. 116-121. Underheating Characteristics of Oxide Cathodes with Additions of
Different Magnitude (additions in}%) (Herrmann 1).
































































































VARIATIONS IN EQUILIBRIUM OF OXIDE COATING 6.30.3

(2) Processes at the oxide-coating-core-metal boundary; chiefly

chemical reactions with barium oxide.

B. Processes occurring in the interior of the oxide coating by
which the number of vacancies and excess barium atoms in the
coating is altered, namely:

(1) Tonic conduction, and

(2) Diffusion.

The processes quoted above will be discussed in the same sequence
in the following sections. All considerations will refer to normal
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Fig. 138.—Cross Section through a fully activated Oxide Coating.

operating conditions of the cathode; phenomena produced by over-
loading (e.g. sputtering, cf. Vol. I, Sec. 12.3) will not be considered.
For the sake of simplicity cathodes consisting of pure barium oxide
will be considered, but as there are only few experiments undertaken
with pure BaO, it will be necessary to use the results of experiments
made with the normal [BaSr]O mixtures.

31. Processes at the Surface of the Oxide Coating

31.1. Evaporation of excess barium
Evidence of the evaporation of excess barium from the oxide
coating may be obtained from an experiment by Becker,! carried
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6. 31.3 THE OXIDE-COATED CATHODE

is always stable, as energy must be supplied for its dissociation into
the atom; its electron affinity is positive (£5_ = +3-8eV). Assuming
that some of the oxygen molecules impinging upon the cathode are
transformed into O~ ions, these O~ ions may occupy the vacancies
of the BaO lattice and may increase the work function of the cathode
in this way. A subsequent conversion of these O~ ions into O~
ions is not very likely, as a considerable energy of 7:3+3-8=111¢eV
will be necessary for this. When the exposure to oxygen is stopped,
the O~ ions, being foreign to the BaO lattice, will leave the vacancies
and will return to the vacuum. The fact that a poisoned cathode
may be reactivated so easily could be explained in this way.

If the energy balance for the formation of O~ ions from oxygen
molecules at the surface of the oxide coating is considered, it will
be seen that such a formation is certainly possible. The energies
necessary for this formation are the dissociation energy of the
oxygen molecule (51 eV) and the energy needed for the emission
from the oxide coating of the two electrons necessary for forming
the two O~ ions (work function). A total energy of 5-14+2x1-4=
7-9 eV is therefore required. On the other hand, twice the electron
affinity of O~ and twice the adsorption energy @5 of the O~ ions is
gained, in all an energy of 7:6+2®,_ e¢V. The adsorption energy
can be calculated from equation (72). This energy would amount to
1-8 eV for a distance z;=2 A., but as this distance is certainly too
large, the actual adsorption energy will be still higher. One sees
from this that the energy which is gained is certainly larger than the
energy which is needed during the formation of O~ ions from O,
molecules. Such a formation is therefore possible. On the other
hand, the formation of O~ ions is unlikely, as a large energy must
be supplied on account of the high negative electron affinity of O~ .

The conclusion that O~ ions are formed at the surface of the oxide
cathode is confirmed by the investigations with mass spectrometers
quoted under point 2 of this section. Furthermore, Arnot,! 2
showed, also by means of a mass spectrometer, that O~ ions may be
formed from oxygen molecules which are positively ionized. These
latter experiments were not undertaken with an oxide cathode, but
with a metal cathode.

If the oxygen poisoning is more extensive, the poisoning ions may
move from the vacancies near the surface to those in the interior of
the coating. Consequently the diffusion of oxygen ions from the
surface into the interior will then play an important part, but this
phenomenon will be discussed later (Sec. 33.2).
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6. 32 THE OXIDE-COATED CATHODE

TaBLE XXIX
Properties of Cathodes, containing additions in the Core Metal (Wright 2)
I, at 1015° K. Interface layer Heat of
formation
Core ] of the oxide
Material D.C. Pulsed Composi- Thick- formed
measure- | measure- tion ness during
1 ment ment reduction
Alcm.2 Afcm.2 m k.cal./
g.-atom O
Pure Ni 0-3 8 — - 58-4
“Grade A Ni 09 6 MgO, i 1 146*
0-12%; Mg). Ba,SiOy
Ni+0-19% Al 06 7 BaAl,O4 0-5 127
Ni+0-4%, Al 0-2 0-5 BaAl,O4 S 127
Ni+0-25% Ti 0-3-3-0| 6-12 Ba,TiO, 10 109
Ni+0-4%; Si 0-07 1-5 Ba,SiO, 10 102
Pure Pt 02 1 Barium up to )
platinate. 10
* f. MgO

Columns four and five of the table give the composition of the
interface layers according to X-ray examinations by Rooksby,!:3
and the thickness of these interface layers. A comparison between
the two cathodes with different additions of Al definitely shows the
detrimental influence of the formation of strong interface layers.
A further measurement of the thickness of interface layers was
undertaken by Eisenstein.! He investigated cathodes with a nickel
core containing 5% Si and found by means of X-ray patterns that
the thickness of the interface layer obtained was between S and
10 p.

The details of the process of reduction at the boundary between
core and coating need further study. Direct examinations of the
reactions in question have been undertaken by Schriel ! and Blewett.3
Schriel found that BaO is reduced to metallic barium by the metals
Al, Ce, Cr, Si, Th, Ti, Zr at temperatures between 1000° and 1600° K.
while Blewett observed that Ti and Th have the greatest reducing
effect.. However, it must be borne in mind that the conditions
existing in the oxide cathode are different from those with normal
chemical reactions, because the BaO of the oxide coating is not
intermixed with the reducing metal. On the contrary, the reaction
between BaO and the reducing metal only takes place at the bound-
ary between coating and core. Another difference arises from the
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VARIATIONS IN EQUILIBRIUM OF OXIDE COATING 6. 34

34. The Combination of the Various Processes and their
Influence on Emission and Life

An attempt will now be made to examine how the individual
processes discussed above work together. For such an examination
it will be necessary to know the relations between the number of
excess barium atoms in the interior or on the surface and the
internal or external work function respectively. The second
relation between surface atoms and external work function can be
obtained from an early experiment by Becker,! the same as was used
by him for estimating the ionic conductivity of the oxide coating
(cf. Sec. 33).

The rise of the saturated current during this experiment, pro-
duced by an electron bombardment of the oxide coating (at
T=600° K.), is shown by Fig. 151. If the final period of bombard-
ment is disregarded, the logarithm of the saturated current varies
proportionately with the electrical charge sent into the coating.
On the other hand, the quantity of oxygen ions removed from the
surface of the coating is also proportional to the electrical charge.
Let s denote the number of oxygen ions per unit area of the surface
atom layer and s,,, the number of such ions in an atom layer without
vacancies. Then we have: .

]nj:=k1b(stot_5)+k2 e e e e (216)
b and k being constants.

This equation may be transformed by introducing the values
Jopt and s, Which refer to an optimum density of excess barium
(or strontium) atoms at the surface producing the maximum emis-
sion current. If the current emitted from a surface layer without

excess barium (no vacancies) is denoted by j.., it follows from
(216):

In jopr=k 1(Stor —Sops) + k>
j e
By introducing the abbreviation:
F=In Goptljior) . . . . . . (218)
the following relation is finally obtained from (216) and (217):
InGiliod=K-22=5 . . . (219
Stor — Sopt

This relation between the saturated current j and the density s
of oxygen ions at the surface can be used for giving an explanation
291









6. 34 THE OXIDE-COATED CATHODE

According to this equation it would be possible to superimpose
different curves f(T, 1), representing the rise in emission for different
temperatures, by multiplying the time scale by a suitable factor 8
which would depend on the temperature T. A plot of log 8 against
1/T would then give a straight line from the slope of which the
energy Er could be ascertained. Blewett found that it was in fact
possible to superimpose the individual curves and to obtain the
straight line log 8=f(1/T), but with a considerable spread. The
value of I' determined from the straight line was 0-7 eV (for
T=800°—1100° K.).

The processes considered are also of considerable importance for
the life of the oxide cathode. At first one would assume that of
these processes the ionic conduction is decisive for the life, as such
a conduction will gradually dissociate the oxide coating. The time
t; which would be necessary for a complete dissociation of the
coating is obtained from the relation:

ki =3x96500d38
Ko ® 4 M )
d. denoting the thickness of the oxide coating. According to
this:

(226)

_ de_ hours . . . . . (2270
JeKi[Ke

Using the value «;/x,=10"5, measured by Isensee, d.=5x 10-3 cm.,
and j.=10 mA/cm.2, a time 7;,=100,000 hours is obtained. The
minimum life derived in this way is much higher than the life
normally demanded of an oxide cathode.

If the usual life of an oxide cathode of some thousand hours is
considered, poisoning and diffusion will be of much more importance
than ionic conduction (cf. Vol. I, Sec. 13). This is shown by some
experiments of the authors, who aged cathodes in commercial
triodes at different temperatures and different anode and grid
voltages. If the normal heater voltage was applied (7=~1000° K.),
a fall of the emission current could not be observed during a life of
several hundred hours. A different result, however, shown by
Fig. 152, was obtained at a lower cathode temperature (7~=800° K..).
The emission currents plotted in Fig. 152 as a function of life were
all measured under the same conditions with a grid voltage Vs =0.
The individual curves of the figure refer to different anode and grid
voltages which were applied to the valves concerned during the
ageing process, but not during the measurement. The values of
294
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APPENDIX

method (full curves), directly heated cathodes made from carbonates
(dash and dot curves). These differences in intensity can be
explained by the fact that different temperatures are needed for
obtaining from the different cathodes the saturated current of 2 mA
used for the measurement. This temperature was lowest with the
indirectly heated cathodes and highest with the directly heated
carbonate cathodes. According to this the flicker effect would
increase with increasing temperature.

The variation of the flicker effect with the magnitude of the
saturated current is shown by Fig. 154, giving the mean square of
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Fig. 154.—Mean Square of Noise Current as a Function of Frequency for Different
Densities of the Saturated Current (Graffunder 1).

the noise current as a function of frequency. If the flicker effect
is examined in the space-charge region it becomes smaller than in
the region of the saturated current in the same way as does the
shot effect.

For explaining the flicker effect Johnson assumed that the
fluctuations of the emission current are produced by appropriate
fluctuations of the work function of the cathodes examined. If
atomic film cathodes are considered these latter fluctuations may be
due to variations in the number of foreign atoms adsorbed at the
surface of the cathodes concerned. By transferring this concept to
the oxide cathode Schottky 2 gave a theory of the flicker effect.
If the variation of the flicker effect with frequency is considered,
this theory, however, gives an increase proportional to 1/v2, while
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