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€' Note—Keywords were added editorially in June 1996.

INTRODUCTION

Cathode materials are often evaluated by an emission test which in some ways measures the
temperature-limited emission. A more basic approach to this problem is to relate the emission to
fundamental properties of the emitter, in particular, the work function. Comparisons are conveniently
made between emitters using the thermionic constants, that is, the work function, the emission
constant, and the temperature dependence of the work function. These quantities are independent of
geometry and field effects when properly measured. Although referred to as “constants” these
quantities show variations under different conditions. Considerable confusion exists over the
definition, interpretation, and usage of these terms and, hence, there is a need for at least a general
agreement on nomenclature.

1. Scope where:

1.1 This practice covers the definition and interpretation of J = emission current density in A/cfimeasured under
the commonly used thermionic constants of electron emitters specified field conditions except zero field.
(1, 2, 3)2 with appended standard methods of measurement. (Jo = emission current density in A/cfh measured

under zero field conditions.)

2. Referenced Documents A = the theoretical emission constant, which is calculated
2.1 ASTM Standards: from fundamental physical constants, with its value
F 8 Practice for Testing Electron Tube Materials Using generally taken as 120 A/cfK? A more exact

Reference Triodés calculation(3) gives 120.17 which is used in determin-
ing the effective work function.

3. Terminology T = cathode temperature, K.

3.1 Definitions: e = electronic charge, C.

3.1.1 effective work functiond—the work function ob- € = natural logarithmic base.

tained by the direct substitution of experimentally determined® = \?vglrtlf%?]%rt‘;gnco\?smm'
values of emission current density and temperature into thed) — P - .
The form of Eq 1 is a simplified form of the emission

Richardson-Dushman equation of electron emission of the i . : .
equation which assumes zero reflection coefficient for electrons

form: X : e :
with energy normally sufficient for emission at the emitter
J=ATe T (1)  surface. The effective work function is an empirical quantity
For direct calculation of the work function, this is conve- and represents an average of the true work function, giving the
niently put in the form: maximum information obtainable from a single measurement

of the thermionic emission.
3.1.2 Richardson work functiong,—the work function
usually obtained graphically from a Richardson plot, which is
2 . . .
1 This practice is under the jurisdiction of ASTM Committee F-1 on Electronics a pIOt of In Q/T ) versus [T using qata of em|55|0n' measure'
and is the direct responsibility of Subcommittee F01.03 on Metallic Materials. ~Ments at various temperatures. It is the work function obtained
Current edition approved March 31, 1971. Published May 1971. Originally from Eq 1, with the value oA determined graphica”y’ instead
published as F 83 — 67 T. Last previous edition F 83 — 67 T. : . . . :

2The boldface numbers in parentheses refer to references at the end of th%f_ using the theoretical value. For_better visualization of the
practice. Richardson plot, Eq 1 may be put in the form:

3 Discontinued, se@971 Annual Book of ASTM Standardart 43.

& = (KT/® In (AT %)) 2)
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IN (T2 =In A — (e/kd, (3)  temperatureT is then equal tapy + oT. Substituting this into

It can be seen (Fig. X1.4) that the Richardson work functiori® €quation gives:

& is obtained from the slope of the graph, and the emission J = AT?%e 0w (4
constantA from the intercept (I = 0) on the In (/T ?) axis.

The Richardson work function is also an empirical quantity. Its
value is found with reasonable accuracy from the graph. J = (Ae *MT % ~ohomr (5)

However, large errors in the value 8fmay be expecte). It can be seen from Eq 5 that a Richardson plot slope would

Considering only one faqtor, a slight inaccuracy_ in the mea‘determinabo and a value of the emission constanea/kimes
surement of temperature introduces a large error in the value @fie theoretical valued The form of Eq 4 is that used for
A. Values ofA obtained on practical emitters can range from.gculation of the effective work function Withbg + oT

2
about 0.1 to 200 A/cn%-K : , substituted for the effective work functia It can be seen that
3.1.3 true work function,4—the difference between the 4 ' ihe value at zero temperature, is what would be obtained

Fermi energy and the surface potential energy, which is thg,y 5 straight-line Richardson plot. These observations are
maximum potential energy of an electron at the surface of thg ;mmarized in the following equations:

emitter, or the energy just necessary to remove an electron

which can be put in the form:

from the emitter. The true work functio,, is expressed in b= do ol ()
volts or sometimes asb, in electron volts. For a polycrystal- (Theoreticald/Richardsom) = e %)
line surface, the true work function will vary with position on (/@) In (TheoreticaldVRichardsom) )

the surface. It will also be a function of temperature. The true . : . .
work function is primarily a theoretical concept used in. The abovel Expressions are useful in equating and |ntefpret—
analysis involving a theoretical model of the surface ing the effective and Richardson constants. For example, if the

thermionic constants of an emitter are specified by the effective
4. Interpretation and Relation of Terms work function and temperature coefficient, the equivalent

4.1 Both the effectived) and the Richardsondg) work Richardson work function and emission constant may be
functions are derived from the same basic equation for electrofi@iculated from the equation. Althoughas determined here
emission. They differ in the manner of applying the equationS€TVeS the purpose of relating the work functions, it should not

The effective work function represents a direct computatiorP® régarded as a true measure of the temperature coefficient.
using the theoretical value of the emission constamf the Oth_er_methods, sgch as the cathode_coollng e_ffec_t of electron
equation. The Richardson work function is based on a plot ofMiSsion, are available for a more valid determinaf@nThe
emission data at different temperatures from which both th&®mperature dependence of the effective work function in-
work function and emission constant were obtained. Work/0lVes many factors such as the presence of a reflection
function varies slightly with temperature. If this variation is COeficient, the effects of averaging over a nonuniform surface,
approximately linear, it can be expressed as a simple temper@-témperature dependence of Fermi energy and any errors in
ture coefficient of the work functione, V/K. Under these Mmeasuring the temperature (including gradlents_) and effective
conditions, the emission data yield a straight-line Richardso@"€@ Of the cathode; on aged cathodes interface impedance may

plot and, also, result in a straight-line plot of effective work P& @ factor.
function with temperature. These and other relations can b
seen by introducing into the Richardson-Dushman equation
(Eq 1) and considering the Richardson work function as 5.1 electron emitters; electron tube materials; thermionic
representing the value at 0 K. The effective work function atconstants; work function

g. Keywords

APPENDIX
(Nonmandatory Information)

X1. EXAMPLES FOR DETERMINING THERMIONIC CONSTANTS OF CATHODES

X1.1 The following examples illustrate two customary the measured emission current is plotted as a function of the
methods for determining the thermionic constants of cathodeapplied voltage for a given cathode temperature (Fig. X1.1).
including procedures for establishing the emission current aAn extrapolation of the two straight portions of the curve leads
zero field. Other methods are discussed in the literatlir,  to an intersection. At the intersection the retarding field is zero
3, 4) and, hence, this point determines the zero field emissign,

X1.1.1 Example 1—The Retarding Potential Meti@)—  The effective work function at temperatufleis obtained by
To determine the emission at zero field, the emission currergubstituting the values af;and T in Eq 2. For purposes of
from a cathode is measured by varying the collecting voltagealculation, Eq X1.1 is expressed with the common logarithm
from 2 or 3 V negative to 2 to 5 V positive. The logarithm of and numerical values of the physical constants as follows:
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¢ =1.98X 10 “Tlog (120T %J,) volt (X1.1) X1.1.2.2 After determining the zero field emission density

X1.1.1.1 As shown in Fig. X1.1 the procedure is repeatecfor a nur?ber of tempe_ratures, a Richardson plot is.made of the
for several cathode temperatures to find the apparent variatidRd Jo/T ~versus IT (Fig. X1.4). The slope of the line deter-
of work function with temperature. An alternative method is tomines the Richardson work functiafy, and the extrapolated
use chart§l, 5)or tableg(1), from whichd may be determined Y-intercept gives the Richardson constantThese data were
from J, andT. The values of work function versus temperatureobtained from a barium dispenser cathode. The values for the
are plotted in Fig. X1.2. The data were obtained on theemission constants are shown on Fig. X1.4. The values of zero
oxide-coated cathode of a sample ASTM Reference Triod&eld emission, used in this example for the Richardson plot,
(Practice F 8) and confirmed by other investigators. The valuesan also be used for calculating the effective work function.
of J, obtained in this example, although used for obtaining the
effective work function, can also be used for a Richardson plot.

X1.1.1.2 At increasing temperatures and higher emission
current, the extrapolation becomes more difficult due to the
effect of space charge until this method is no longer usable.

X1.1.2 Example 2—The Schottky Meth@ 4)>—An ex-
trapolation to zero field emission current from accelerating
field measurements also can be made and is particularly useful
for high current densities where space charge effects prevent
the use of the retarding field method. (Common devices require
pulsed collecting voltage to avoid excessive power dissipation
on the collecting element.) In an accelerating field the Schottky
effect reduces the surface barrier at the cathode and the
emission density is as follows

J=Jye (0.44~/EJT) (X1.2)

where:
E, = electric field at the cathode surface in volts per meter
and is proportional to the applied voltaye

X1.1.2.1 The zero field emission is obtained by an extrapo-
lation of the curve obtained by plotting the logarithm of the
measured currents versyg'V to zero field, Fig. X1.3. Over a
considerable voltage range, a straight-line is obtained indicat-
ing the validity of the Schottky equation. At lower voltages
space charge reduces the observed current below the value
predicted.
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