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Abstract—A two-stage 500 kV 200-A ferroelectric electron gun
has been designed, fabricated, tested, and used in a high power
microwave amplifier experiment. We report on the operational
characteristics of the gun including measurements of the beam
dynamics. The optimum conditions for application of the trigger
and its timing are also reported. Faraday cup measurement
shows that the beam radius is 4.1 mm in good agreement with
simulation. The gun is designed for use in traveling-wave tube
amplifiers, and testing of an X-band amplifier driven by the gun
is reported. A peak output power of 5.9 MW has been observed
from a single stage amplifier driven by a 100 A, 450 kV beam. This
corresponds to energy converging efficiency of 13.1% and is the
first observation of high power ( MW) microwave generation
using the beam generated from a ferroelectric cathode.

Index Terms—Electron beams, electron guns, ferroelectric cath-
odes, microwave amplification, traveling-wave tubes.

I. INTRODUCTION

FERROELECTRIC cathodes have been developed in our
laboratory over the last several years as a possible alter-

native to a thermionic cathode for pulsed beam applications.
Among the possible advantages of a ferroelectric cathode are:
room temperature operation, control of the emission by an ex-
ternal trigger pulse, and most importantly, high electron cur-
rent density. The formation of a plasma surface on the cathode,
which may modify the emission process and limit the utility of
ferroelectric cathodes, has also been reported [4], [7], [8].

During the last decade, the electron emission from a ferro-
electric cathode has been investigated in several laboratories
[1]–[3]. As part of this effort, we have studied the use of ferro-
electric cathodes for use in electron guns, with the development
of a suitable source for high power microwave generation our
principle application [4]–[6]. In this paper we describe our gun
design and report on its performance in an X-band TWT am-
plifier. We have developed a suitable electron gun using a two-
stage compression scheme in which the beam is initially elec-
trostatically compressed, and subsequently, magnetically com-
pressed to its final radius of 4.5 mm. This arrangement allows
us to obtain a sufficiently large beam current in matched beam
with the desired radius.
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A single stage X-band traveling-wave tube amplifier has been
designed and constructed for use with the gun. In these ex-
periments, microwave amplification of order 30 dB has been
achieved and output powers of several megawatts have been ob-
served. This is the first observation of high-power microwave
generation from a beam generated using a ferroelectric cathode.

In the following sections, we present results extending our
previously reported study of ferroelectric emission in a diode
to electron beam generation at beam energies of up to 550 keV
[5], and demonstrate its use in a high power microwave (HPM)
amplifier experiment. The beam quality has been determined
by measurements of the beam emittance and confirmed by the
observation of microwave amplification in X-band.

II. EXPERIMENTAL ARRANGEMENT

The experimental arrangement is shown schematically in
Fig. 1. The cathode gun assembly is connected to the modulator
described previously [5], [6]. The gun geometry, which was de-
signed using data from the aforementioned diode experiments,
uses a planar cathode in a modified Pierce geometry. The emit-
ting area can be made relatively small to produce the required
beam current as a result of the high current density available
from the ferroelectric cathode. In order to obtain a high electron
current density, the electric field on the ferroelectric cathode
must be sufficiently high. On the other hand, in order to obtain
the required electrostatic focusing, the emitting surface has to
be recessed from the cathode-mounting surface. This causes the
electric field on the cathode surface to be significantly reduced
compared with that of our earlier work [5]. These constraints
have leaded us to select an operating current density at the
cathode of A/cm . The emission density is competitive
with that available using thermionic cathodes.

Coupling these conflicting requirements has led us to a
two-stage gun design, in order to satisfy both the requirements
simultaneously. The first stage of the electron gun resembles a
Pierce gun with the cathode located in the fringing magnetic
field of the small diameter solenoid. In this region the beam is
mainly compressed by the applied electric field. The geometry
is chosen so that the beam compression follows the magnetic
flux lines. The first stage of the gun provides a matched beam
with relatively high current. However, the beam radius is still
rather large and further compression is achieved in the second
stage by adiabatically increasing the magnetic field within
the drift tube. An overview of the final geometry adopted is
illustrated in Fig. 1.

Shown in Fig. 2 is an EGUN simulation result for the gun dy-
namics. In this figure, is defined as the axial position of
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