
Theoretical study of a diode with dielectric-gridded cathode
L. Schächtera)
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We investigate theI –V characteristics of a vacuum diode with a gridded cathode. The grid is
located on top of a dielectric material that on its back side is covered by a uniform electrode.
Ignoring space-charge effects, the current density extracted from the grid isproportional to the
dielectric coefficient and it is quadratic with the back electrode voltage. Considering only
space-charge associated with the back electrode voltage, it is found that the anode current is
proportional to the anode voltage. When all space-charge effects are considered, it is shown that the
electrostatic energycoupled into the diode gap through the grid is responsible to the excess of
current beyond the Child–Langmuir limit. ©1998 American Institute of Physics.
@S0021-8979~98!07224-7#

I. INTRODUCTION

A series of independent experiments have indicated that
in a diode with a ferroelectric cathode the current may ex-
ceed the Child–Langmuir limit by more than two orders of
magnitude.1–3 This is a result of three characteristics of the
system: high dielectric coefficient of the material, nonlinear
constitutive (D2E) relation and thin metallic grid that cov-
ers part of the ceramic. The original theoretical model devel-
oped by us4 explains the enhanced current in terms of the
nonlinear properties of the ceramic. It shows that electrons
which originally screen the polarization field in the ceramic,
redistribute in the gap once the polarization is altered, i.e.,
negativevoltage is applied on the back of the ceramic. The
predictions of this model fit the experimental data for a wide
range of parameters. Geometric details at the cathode surface
are considered only in a parametric way. Specifically, it was
assumed that a fraction of the bound charge is redistributed
in the gap; the value of this fraction was one out of two
parameters of the model. It was also indicated that the elec-
trons redistributed in the gap may originate from the metallic
strips forming the grid. This is the case when apositivevolt-
age is applied on the back of the ceramic thus, field emission
plays an important role in the operation of such a cathode.

In the present study we disregard the nonlinearity of the
ferroelectric material and consider the effect of the other two
characteristics on the emitted current, i.e., high dielectric co-
efficient and thin metallic grid. The main goal is to investi-
gate the electron emission from the metallic strips of the
grid; specifically, we investigate the contribution of nonex-
plosive field emission to the current density generated by
such a cathode. Analytic expressions for the limiting current
in a diode with cathode made of a linear dielectric layer
covered by a gridded electrode are developed. We show that
when space-charge effects are ignored the current density
emitted from the grid is proportional to the dielectric

coefficient—consistent with the result in Ref. 5. Further-
more, the grid facilitates the penetration of electrostatic en-
ergy from the dielectric region into the diode gap and it is
this couplingof energy that is ‘‘responsible,’’ in part,4 to the
excess of current beyond Child–Langmuir limit.1–3 As the
anode voltage exceeds a critical voltage, theI –V character-
istic of the diode approaches the Child–Langmuir limit.
These results complement the model introduced in Ref. 4
that treats primarily the nonlinear characteristics of a ferro-
electric ceramics.

This study is organized as follows: in Sec. II we examine
the current density emitted from a periodic grid located on
top of a dielectric layer ignoring space-charge effect. The
latter is considered in Sec. III where we estimate the maxi-
mum current density achievable based on energy arguments.

II. FIELD EMISSION FROM THE GRID

Consider a dielectric (e r) layer of thicknessh covered
by a uniform metallic electrode on the bottom surface and a
metallic grid on the top. This grid has a periodicityL and the
width of the metallic strip isd; for the moment, we shall
assume that the thickness of the grid is very small. The an-
ode is located at a distanceg above the grid, see top frame in
Fig. 1. The typical dimensions of the system are:h
;0.5 mm, L;0.5 mm, d;L/2, the thickness of the grid is
less than 1mm andg;5 mm. In the first part of this section,
we shall assume that both anode and bottom electrode are
grounded (Vbe50,Van50), whereas the grid is held at a
constant negative voltageVgr52uVgru; in the second part the
other case (VbeÞ0, VanÞ0 andVgr50) will be examined.

In order to determine the extracting field on the top of
the grid, we have to determine first the electric potential in
the entire space. Formally the latter readsa!Electronic mail: levi@ee.technion.ac.il
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