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The Fowler-Nordheim field emission equation permits calculation of current density J as a function of
surface electric field  and work function ¢. Computed values of J for 1.00X 107 <F<1.00X 108 v/cm and
for 2.00<$<6.30 ev are tabulated; the table is of use in connection with several theoretical and experimental

~aspects of field emission.

NVESTIGATION of field emission phenomena re-

quires frequent reference to the fundamental
Fowler-Nordheim theory’? in which the emission
current density J in amperes/cm? is given as a function
of the surface electric. field ¥ in v/cm and the work
function ¢ in ev by the equation :3

J=(1.54X 10-F2/) exp[ — 6.83X 10%¥ (v)/F], (1)

where f(y) is the Nordheim elliptic function®* of the
variable y=3.79X107*F#/¢. In these expressions, the
numerical coefficients have been altered to conform
with recent values of the physical constants. The
comparison of experiment with theory necessitates
repeated calculations of current densities from Eq.
(1), or its logarithmic equivalent, for a wide range of
F and for values of ¢ which depend upon the nature of
the emitting surface.

- Experimental results in these laboratories® have
stimulated renewed interest in field emission theory for
several reasons. First, pulse techniques have produced
stable field current densities of the order of 108 amperes/
cm? at fields of 8 X107 v/cm for which the approxima-
tions involved in the derivation of Eq. (1) become
questionable. Second, space charge effects® cause
marked deviations from the current-voltage relation-
ship expected in view of Eq. (1). Third, previous results
here indicate that the transition from normal field
emission to the vacuum arc occurs when the emitter is
resistively heated, the problem thus involving electron
emission in the presence of simultaneous high fields
and high temperatures. This problem has had only
partial theoretical treatment.®8

In each of these studies, Eq. (1) is the basic reference
for cold cathode emission in the absence of space charge.
Table I has therefore been prepared, comprising

* This work was supported by the U. S. Air Force, in part
through the Microwave Laboratory, University of California.

1R. H. Fowler and L. W. Nordheim, Proc. Roy. Soc. (London)
A119, 173 (1928).

2 L. W. Nordheim, Proc. Roy. Soc. (London) A121, 626 (1928).

3 A. Sommerfeld and H. Bethe, Handbuch der Physik (Verlag.
Julius Springer, Berlin, 1933), Vol. 24, No. 2, p. 441.

4 J. M. Houston, Phys. Rev. 88, 349 (1952) ; Burgess, Kroemer,
and Houston, Phys. Rev. 90, 515 (1953) ; also private communica-
tion from J. M. Houston. '

5W. P. Dyke and J. K. Trolan, Phys. Rev. 89, 799 (1953).

6 E. Guth and C. J." Mullin, Phys. Rev. 61, 339 (1942). -

7 A. E. Glaubermann and I. I. Talynasky, Doklady Acad. Nauk.

S.S.S.R. 78, 661 (1951).
8 J. Nakai, Technol. Repts. Osaka Univ. 1, 213 (1951).

TaBLE I. Common logarithms of field current density J in
amperes/cm?, from Eq. (1), for various values of electric field F
in v/cm and work function ¢ in ev.

¢ (ev)

FX10-7
(v/cm) 2.00 2.50 3.00 3.50 4.00
1.0 3.04 —0.54 —4.45 —8.64
1.2 4.51 +1.48 —1.80 —5.32
14 5.56 2.94 +0.10 —2.94
1.6 6.36 4.04 1.53 —1.14
1.8 6.98 4.90 2.66 —+0.26
2.0 7.48 5.59 3.56 1.39 —0.90
2.2 7.90 6.16 4.30 2.32 +0.22
2.4 8.25 6.64 4.92 3.09 1.16
2.6 8.54 7.05 5.45 3.75 1.96
2.8 7.40 5.91 4.32 2.65
3.0 7.71 6.30 4.82 3.25
3.2 7.98 6.65 5.25 3.78
34 8.22 6.96 5.64 4.24
3.6 8.43 7.24 5.98 4.66
3.8 8.63 7.49 6.29 5.03
4.0 8.80 7.71 6.57 5.37
4.2 8.96 7.92 0.82 5.67
4.4 8.11 7.06 5.96
4.6 8.28 7.27 6.21
4.8 8.44 7.46 6.44
5.0 8.59 7.65 6.66
5.2 8.72 7.82 6.87
5.4 8.85 797 7.05
5.6 8.97 8.12 7.23
5.8 9.08 8.25 7.39
6.0 9.18 8.38 7.55
6.2 9.28 8.50 7.69
6.4 8.61 7.83
6.6 8.72 7.95
6.8 8.82 8.07
7.0 8.92 8.19
7.2 9.01 8.30
7.4 9.09 8.40
7.6 9.18 8.50
7.8 9.25 8.59
8.0 9.33 8.68
8.2 9.40 8.76
8.4 9.47 8.84
8.6 8.92
8.8 9.00
9.0 9.07
9.2 9.14
9.4 9.20
9.6 9.27
9.8 9.33
10.0 9.39
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TABLE If*Continued.

$(ev) . ¢ (ev)
F X107 FX1077

(v/cm) 4.35 4.50 4.65 5.00 5.50 6.30 (v/cm) 4.35 4.50 4.65 5.00 5.50 6.30
20 —258 —332 —406 —585 —850 —1297 7.0 7.66 743 7.20 6.65 5.84 4.48
22 —131 —199 —-266 —430 —6.71 —10.78 7.2 7.18 7.56 7.33 6.80 6.00 4.68
24 —025 —-087 —150 —299 —522 —896 7.4 7.90 7.68 7.46 6.93 6.16 4.88
26 +0.65 4008 —-050 —189 —3.95 —7.41 7.6 8.01 7.80 7.58 7.07 6.31 5.06
2.8 1.43 090 -+036 —094 —286 —6.08 7.8 8.11 7.90 7.69 7.19 6.46 5.23
3.0 2.11 1.61 1.10 —-0.11 —191 —492 8.0 8.21 .8.01 7.80 7.31 6.60 5.40
3.2 2.70 2.23 1.75  +0.61 —108 —3.91 8.2 8.31 8.11 791 743 6.72 5.55
34 3.22 2.78 2.33 125 —-034 —-3.02 8.4 8.40 8.20 8.00 7.54 6.85 5.70
3.6 3.69 3.27 2.84 1.82 4032 —222 8.6 8.48 8.29 8.10 7.64 6.97 5.85
3.8 4.11 3.71 3.30 2.34 090 —1.50 8.8 8.57 8.38 8.19 7.74 7.08 5.98
4.0 4.49 4.11 3.72 2.80 144 —-0.85 9.0 8.65 8.46 8.28 7.84 7.19 6.12
4.2 4.84 447 4.10 3.22 192 —0.27 9.2 8.72 8.54 8.36 7.93 7.30 6.24
44 5.15 4.80 445 3.60 235 +0.26 9.4 8.80 8.62 8.44 8.02 7.40 6.36
4.6 5.44 5.11 4.76 3.95 2.76 0.75 9.6 8.67 8.69 8.52 8.10 7.49 6.48
4.8 5.71 5.38 5.06 4.28 3.13 1.20 9.8 8.94 8.76 8.59 8.18 7.58 6.59
10.0 9.00 8.83 8.66 8.26 7.67 6.69

5.0 5.95 5.64 5.33 4.58 347 1.62
5.2 6.18 5.88 5.58 4.85 3.78 2.00 12.0 9.54 9.40 9.25 8.91 8.41 7.58
54 6.39 6.10 5.80 5.11 4.08 2.35 14.0 9.83 9.69 9.39 8.95 8.23
5.6 6.59 6.31 6.02 5.35 4.35 2.68 16.0 9.76 9.37 8.72
5.8 6.77 6.50 6.22 5.57 4.60 2.99 - 18.0 9.70 9.12
20.0 9.97 9.44

6.0 6.94 6.68 6.41 5.78 4.83 3.28

6.2 7.10 6.85 6.59 5.97 5.06 3.55

6.4 7.26 7.01 6.76 6.16 5.28 3.81

6.6 7.40 7.16 6.91 6.33 5.48 4.04

6.8 7.53 7.30 7.06 6.50 5.66 4.27

common logarithms of J predicted by Eq. (1) for a
range of fields and work functions found useful in the
present series of investigations here. Recent corrections
by Houston* of Nordheim’s elliptic function have been
employed. The values of ¢ included in the table were
chosen for various experimental reasons. ¢=4.5 ev is
the accepted average value for tungsten, the cathode
material most commonly used here. The values 4.35
and 4.65 ev are those found by Nichols® for tungsten
crystal faces (116) and (110), respectively, which
become individually. significant for single crystal
cathodes. ¢=35.0 ev is an estimate!®!! of a possible
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College, 1952 (unpublished).

corrected value for the (110) face. ¢=6.3 ev is a
published!? average value for platinum, one of the ma-
terials of higher work function. The values below 4.5 ev
are useful in the interpretation of experiments with
the barium-coated tungsten cathode. In the latter
cases, the table is terminated at values of F such that
f(»)=0, a limit imposed on Eq. (1) by the lowering of
the surface potential barrier to the top Fermi level.
For higher work functions, this limit falls outside the
range of the table.
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