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A new high-current density electron source is described. The source consists of a polarized 
ferroelectric ceramic disk with silver electrodes coated on both faces. The front electrode 
consists of a periodic silver grid alternating with exposed ceramic. A rapid change in the 
polarization state of the ceramic results in the emission of a high-density electron cloud into a 
l-lo-mm accelerating diode gap. The anode potential is maintained by a charged transmission 
line. Some of the emitted electrons traverse the gap and an electron current flows. The emitted 
electron current has been measured as a function of the gap spacing and the anode potential. 
Current densities in excess of 70 A/cm2 have been measured. The current is found to vary 
linearly with the anode voltage for gaps < 10 mm, and typically exceeds the Child-Langmuir 
current density by at least two orders of magnitude. The experimental data is compared with 
predictions from a model in which the electrons emitted from the ferroelectric reflex in the diode 
gap. 

I. INTRODUCTION 

Recent experiments at CERN’” and at the Lebedev 
Institute4 have demonstrated that it is possible to extract 
high-current density electron beams from ferroelectrics. 
The emitted beams may be useful in injectors for both low- 
and high-current accelerators and for microwave genera- 
tion devices. Ferroelectric materials typically have a bound 
surface polarization charge density of order of or greater 
than 0.1 C/m’. The electric field in the diode gap, arising 
from the remnant polarization charge of the polled ce- 
ramic, is of order of P/et- 10” V/m, i.e., the polarization 
field, but is screened from the diode by free charge at- 
tracted to the surface of the ferroelectric. Electron emission 
occurs when the polarization state of the ferroelectric is 
changed and the surface density of free charge required 
(electrons, in our experiment) to screen the polarization 
field from the region exterior to the ceramic is changed. 
The emitted electrons are accelerated into the diode gap, 
over a distance comparable to the grid periodicity, by the 
large partially unscreened electric field. The potential 
reaches a minimum at this location and the electrons de- 
celerate as they cross the diode toward the grounded an- 
ode. In the absence of an applied voltage across the diode 
the electrons reflex in the gap and, unless the gap is small 
(comparable to the gridded structure periodicity), no net 
current flows. Current flows through the gap when a diode 
voltage is applied as a result of electron emission from the 
ceramic disk with the emission controlled by changing the 
polarization state of the cathode. The current flow and the 
cathode processes are closely connected and the descrip- 
tion of the emission characteristics requires a coupling of 
the two regions. In this paper we present experimental 
observations of the current-voltage characteristics of a vac- 
uum diode using a ferroelectric cathode. The results are 
compared with predictions from a theoretical model which 
will be described in detail elsewhere. 

II. EXPERIMENTAL ARRANGEMENT 

The experimental arrangement is shown schematically 
in Fig. 1. A l-mm-thick, 2.5cm-diam ferroelectric LTZ-2 
(lead-zirconium-titanate) disk is mounted as the load on a 
10-Q characteristic impedance transmission line. The line 
is switched by a krytron applying a 200-ns, 1-kV pulse to 
the sample. The sample is oriented with the polarization 
vector pointing into the diode. A positive pulse is applied 
to the rear face of the ferroelectric and the gridded portion 
of the emission surface is held at ground potential. The 
effective emission area is - 1 cm2. The cathode is coated 
with a thin ( - 1 pm) silver coating on its rear surface and 
a gridded emission surface with alternate silver and un- 
coated strips of 200 ,um width on its front surface. A planar 
graphite anode is located 2-10 mm from the emission sur- 
face. The anode is maintained at a positive potential with 
respect to the cathode by a charged transmission line. Cur- 
rent flow through the diode partially discharges the line. 
We record the line current at the diode and calculate the 
instantaneous gap voltage from the known line current, the 
transmission line impedance, and the initial voltage on the 
transmission line. Lines with characteristic impedances 
ranging from 12.5 to 50 Sz have been used as the load. The 
diode is maintained at a base pressure of 10e5 Torr. 

Figure 2 shows three oscilloscope traces obtained for 
the diode current with a d-mm gap and a 25-Q load with 
an LTZ-2 ferroelectric cathode. The transmission line load 
was initially charged to 100, 300, and 500 V for the three 
data events. The beam current length was determined by 
the length of the cable. The steady nature of the current is 
typical of this data although for order of magnitude greater 
current density emission the current increases in time dur- 
ing the first half of the pulse and becomes more triangular 
in shape. We have not observed any pulse shortening due 
to limits on the free charge available from the surface of 
the ferroelectric. Peak emission current densities of up to 
70 A/cm” have been obtained experimentally. The current 
densities recorded are typically a factor of 2 orders of mag- 
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