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An analytic expression for the limiting current in the vicinity of metallic and dielectric edges is
developed. It is shown that the basicV3/2 law remains valid and, for large dielectric coefficients
(e r.5), the average limiting current density is not explicitly dependent on the angle of the metallic
edge. Moreover, the limiting current depends primarily on the typical curvature of the emitter and
not only on the diode gap. In general, the field curvature is reduced by the space charge and, in many
cases, the singularity associated with the edge under vacuum conditions is eliminated. The
azimuthalcurvature parameter is identical to that in a planar configuration (p54/3), whereas for the
radial curvature parameter, an analytic expression is developed. ©1999 American Institute of
Physics.@S0003-6951~99!01346-7#

Electron emission from metallic surfaces is crucial in
many electronic devices if the purpose is to generate an elec-
tron beam as is the case of microwave vacuum tubes or flat
displays. In this letter, a simple analytic expression for the
limiting current emitted by a metallic edge attached to a
dielectric edge is developed. Such an expression is particu-
larly interesting bearing in mind that several cold-cathode
configurations combine dielectrics and metals1,2 of submi-
cron dimensions. The present analysis is based on elemen-
tary electrostatic considerations,3 and it is shown that the
presence of the space charge ‘‘smooths’’ out the potential
lines and, as a result, the singularity associated with the edge
may disappear.

There are only a few configurations for which analytic
expressions are available.4–6 However, as indicated in recent
numerical simulations7 and rough estimates,8 the need for
such expression is important in many systems. In particular
during the past eight years a series of experiments9–14 using
ferroelectric cathodes indicated that the measured current
density may exceed the limiting current density by more than
2 orders of magnitude which was determined based on the
anode voltage and the diode gap@Child–Langmuir ~CL!
law#.

Consider a dielectric (e r) medium of anglep1b and a
metallic edge of an anglea that may emit electrons at any
electric field; see Fig. 1. Assuming a uniform system in thez
direction, the potentialF satisfies the two-dimensional Pois-
son equation and it is assumed to be driven by a density of
electrons denoted byn. No time variations occur in this sys-
tem and the motion of the charges is described by a velocity
field v. Consequently, the current density, defined asJ[
2env, satisfies the continuity equation that in the stationary
case reads“•(nv)50. Furthermore, the two relevant equa-
tions of motion, (v–“)v5(e/m)¹F, are equivalent to en-
ergy conservation12mv25eF and“3v50; the last two re-
lations will be used in what follows. Bearing in mind that the
boundary conditions will be more conveniently expressed in

a cylindrical coordinate system we may summarize the gov-
erning equations as follows:
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The last expression corresponds to thez component of
“3v50 and it is satisfied by choosingv to be the gradient
of a scalar flow functionC, i.e., v5¹C.

In the dielectric region, where no free electrons are
present, the solution of the potential satisfies Laplace’s equa-
tion and it may be written as

F~r ,2p<f<b!5AS r

RD n

sin@n~f1p!#, ~2!

where theradial curvature parametern is yet to be deter-
mined and, as can be readily checked, this solution satisfies
the boundary condition on the metalf52p. Now, since the
potential has to be continuous atf5b we may assume that
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FIG. 1. The schematics of metallic~a! and dielectric (p1b) edges. At an
arbitrary radiusR at the interface between the vacuum and the dielectric, the
potential is assumed to be known and is denoted byV0 .
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