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Annular Electron Beam Generation
Using a Ferroelectric Cathode
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Abstract—In this paper, we report on the emission of electrons
from a ferroelectric cathode in a coaxial gun geometry. The
electrons are emitted from the inner conductor of the coaxial
system and are accelerated radially. An axial magnetic field
causes the formation of an azimuthal annular electron flow. The
electrostatic potential distribution then leads to the ejection of
the annular beam from the anode–cathode region into the drift
space. A beam energy of up to 50 keV and an electron current of
up to 250 A is typical in this proof of principle experiment. The
Hull cutoff condition is found to considerably underestimate the
magnetic field required to insulate the radial electron current flow
in the diode. The results obtained are consistent with earlier data
showing that the behavior of the ferroelectric is closely coupled
to the changing state of the ferroelectric.

Index Terms—Ferroelectric cathode, magnetron.

I. INTRODUCTION

T HE study of electron emission from ferroelectrics has
advanced through the last several years to the point

that we can now consider ferroelectrics for use as cathodes
in high-current electron guns. In a previous paper [1], we
described the design of a gun to produce a 200–500-A pencil
electron beam at an electron energy of up to 500 keV and
presented initial experimental data. In this paper, we describe
a configuration which allows the production of an annular
electron beam. The annular beam geometry is particularly
suited to ultrahigh-power microwave source development [2].
Among the possible advantages of ferroelectric emitters is
their insensitivity to poisoning and the possibility of obtaining
much larger emission current densities than can normally be
obtained from a thermionic cathode. There is also experimental
evidence showing their suitability for use at high repetition
rates [3], including measurements of focused flow emission at
about 20 A/cm at 15 kV and 50 Hz [4], [5].

There is still controversy over the details of the mechanism
of electron emission from ferroelectrics. It appears to entail
both direct ferroelectric emission of free charge, which screens
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the polarization fields of the medium from the vacuum of
the gun, and field emission from the triple points at the
junction between grids on the ceramic surface, the ceramic
itself, and the vacuum region. Both processes are, however,
controlled by a rapidly changing submicrosecond voltage pulse
applied across the ferroelectric as opposed, for example, to
the usual field emission, which is controlled by the voltage
applied to the anode of the gun, i.e., the electron dynamics are
closely coupled to the domain dynamics and internal fields of
the ferroelectric sample. During the electron emission pulse,
it is expected that the high current densities obtained by
emission from triple points will lead to material volatalization,
ionization, and, finally, plasma closure within the gun. These
processes were described many years ago by Bugaevet al. [6]
and an extension of that paper applied more recently to ferro-
electric emission [7]. Arguments have also been presented by
the present authors [8] that the early emission is controlled by
the ferroelectric and that the plasma closure is only important
at late times in the applied gun pulse. Plasma closure velocities
are believed to be of order 1–2 cm/s, so that for typical anode
cathode spacings of several centimeters, the electron current is
controlled by the ferroelectric for at least the first microsecond
of each pulse.

In the following sections, we shall present new data on
the emission of electrons in a coaxial diode geometry in
an externally applied axial magnetic field. This leads to the
formation of an annular electron beam. Since the observations
include emission transverse to an applied magnetic field, this
also sheds new light on the effects of the ferroelectric on
the emission process. In addition, this article describes the
initial development of a ferroelectric gun for the production
of annular electron beams.

II. EXPERIMENTAL ARRANGEMENT

In this experiment, a 2.5-cm long, 2.5-cm diameter cylin-
drical PZT sample is mounted in a coaxial diode assembly
with an anode cathode separation of 1 cm. The cylindrical
sample is commercially produced using a sintering process
and consists of a PZT 55/45 composition which is near
tetragonal/rhombohedral phase transition. The outer and inner
surface are coated with a silver conducting layer approximately
10- m thick. The surface grid electrode is manufactured by
masking the sample and etching with a commercial silver etch.
An axial applied magnetic field is used to restrict radial current
flow and to lead to the formation of an annular electron beam.
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