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The electric field in the vicinity of a metallic edge attached to a dielectric half-space is calculated
analytically. The resulting electric field is used to evaluate the current emitted from the edge using
the Fowler-Nordheim formula. It is shown analytically that the emitted current is proportional to the
dielectric coefficient of the material. ©1998 American Institute of Physics.
@S0003-6951~98!02904-0#

The ability to control electron emission from metallic
surfaces is crucial in many electronic devices either if the
purpose is to generate an electron beam as is the case of
microwave vacuum tubes or flat displays or in order to avoid
arcing or RF breakdown. In the present letter we present a
simpleanalytic result which indicates that the current emit-
ted via field emission from a metallic edge attached to a
dielectric half-space is proportional to the dielectric coeffi-
cient of the material. This is particularly interesting bearing
in mind that dielectric coefficients of more than 103 are
available~e.g., ferro-electric or piezo-electric materials!. The
present analysis is based on elementaryelectrostatic
considerations1 and it is shown that the presence of the di-
electric causes an enhancement in the curvature of the poten-
tial which in turn leads to an increase in the local electric
field and consequently an increase in the current density. For
evaluation of the total current, the Fowler-Nordheim relation
has been used and it is shown that for sufficiently high elec-
tric fields, the result can be expressed in terms of an analytic
function.

Consider a sharp edge of anglea attached to a dielectric
(e r) half-space as illustrated in Fig. 1. We shall assume that
the radius of curvature of the edge is much smaller than the
longitudinal dimension (Dz) of the edge such that we may
assume that the system is infinite in thez direction. Further-
more, on the edge the electrostatic potential is assumed to be
zero therefore we may write the following solution for the
Laplace equation

F~r ,f!5H A1 sin@n~f2p1a!#r n 0,f,p2a

A2 sin@n~f1p!#r n 2p,f,0 .
~1!

This solution satisfies the boundary conditions atf5p2a
andf52p. The curvature (n) of the field is determined by
imposing the boundary conditions forF and Df at f50.
From the two resulting equations we can establish the ex-
pression which determines the variation ofn as a function of
a ande r ; it reads

e r tan@n~p2a!#52tan~pn!. ~2!

Solution of this expression determines the general behavior
of the potential in the vicinity of the edge. A typical distri-
bution is illustrated in Fig. 1 fora5p/6 ande r5300.

At the limit of the very high dielectric coefficient
(e r→`) the curvature approaches the valuen→0.5. For the
other extreme (e r51), the solution of~2! has an analytic
form which reads
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12 ~a/2p!
. ~3!

Figure 2 illustrates the variation of the curvature (n) as a
function of the dielectric coefficient (e r) between the two
limits mentioned above.

The curvature of the potential determines the electric
field which in turn controls the surface charge distribution on
the metallic edge. Let us now calculate the charge stored on
both sides of the edge on a strip which isDz long and its
width is R. The choice of radius (R) is arbitrary but it is
tacitly assumed that it is much larger than the radius of cur-
vature of the edge and much smaller than the distance to the
anode. On the top strip of the edge the total charge is given
by Qtop52Dz*0

RdrD f(r ,f5p2a)5Dze0A1Rn whereas
on the bottom stripQbottom52Dze0e rA2Rn. The electro-
static potential also enables us to calculate the total electro-
static energy (WE) stored in a partial (p2a.f.2p) cyl-
inder of radiusR and lengthDz . This energy enables us to
define the capacitance of the system according toC
[Qtotal

2 /2WE or explicitly as

C5e0Dz

2$sin~np!1e r sin@n~p2a!#%2

~p2a!sin2~np!1pe r sin2@n~p2a!#
, ~4!
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FIG. 1. Schematic of the triple-point system and the associated constant
potential lines.
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