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Abstract be stable and equal to 20A.
, . In the high voltage gun experiment peak currents of
Ferroelectric cathodes may offer a source of high curre%tEOA have 9l]:)een ob%ainged Withpthe cathgde-drift tube gap

density electron beams for applications where the use )
conventional cathodes is limited by the required currerft out 6.5cm and the cathode voltage in the 400-500kV

density, cathode poisoning, or lifetime. In a ferroelectrid2"9€

cathode, electrons are emitted when the spontaneous polarl-n addition to the above measurements we have recently

ization is rapidly changed by a pulsed electric field applieHﬂ”ti"“ted a new experiment designed to help elucidate the

across the ferroelectric. When no additional voltage is ap?—.lggtgonoesr:i'slse'%ne\:vn?nceh;:;sg?(s)e:;g?r:’ ?ndae:llz&;? erz)lreoc-
plied to a planar diode gap, emission current densities afé P 9 9

on the order ofv 1 A/em2. When an additional field is ron beam. In this experiment a 2.5cm long, 2.5cm diam-

: I r PZT sample is mounted in a coaxial diode assembly
| h h ) . .
applied to the gap, we have measured current densmes\%tfh an anode cathode separation of 1cm. An axial applied

2 H L.
up 10100 Afern”. In this paper we report on two topics:(1) magnetic field is used to determine the cut-off condition

beam extraction into a drift tube at low (10—20kV)voItagef  radial current flow. As the radial current decr with
and, (2) electron emission, transverse to an applied mag- adial current fiow. As the radial current decreases

netic field, from a cylindrical ferroelectric cathode. In the creasing applied magnetic field an axial current flow de-

former case we report on emission of a 20A beam current i\ﬁelops with the flow in an annular chann_el of-rad|us ap-
roximately equal to that of the ferroelectric cylinder.

I itively pul - : : TN
Sliﬂmfe%ufzéiﬁjtlpxz >c/ gtl;]cs)gg iit lroz':g:ts eléﬁrt]ci; epf?ivr\llgirnsgLJ% The detailed experimental results and their implications
are discussed in the following sections.

region of a 3kG solenoid magnetic field. In the second cas
we find, at low applied gap voltages, that the magnetic field
required to suppress the radial current flow is considerably 2 EXPERIMENTAL DATA

in excess of that predicted for the applied electric field. The essential features of the gun system are shown
schematically in figure 1, where the ferroelectric cathode is
1 INTRODUCTION located in the fringing field of a solenoid field coil system.
The study of electron emission from ferroelectrics has ad\-I.Ote that this e}rrangement does not produce a constant ra-
vanced through the last several years to the point that vgéu.s beam as it propagates through the ;ystem._ The .flc_)w
g indeed sharply focussed at certain axial locations; it is

can now consider them for use in electron guns. Amon owever a confined flow which does not intercept the tube
the possible advantages of such emitters is their insensi- P

tivity to poisoning, and the possibility of obtaining much
larger emission current densities than can normally be ob-
tained from a thermionic cathode. In order to proceed bes
yond this point requires, (i) a measurement of the emissioﬁ

characteristics at the high applied voltages normally useg B ———

in electron guns and, (ii) a demonstration of their viability,j? 2
at high repetition rates and, (iii) measurements on the Iife¢ ( _ Beam Collector
of ferroelectric cathodes. We have carried out and report ] O '
in this, and a companion paper [1], an investigation of theH.VL '

first two of the above features. The repetition rate measure- Ferroelectric

ments were made at 15kV in an arrangement in which the Cathodewith || —————"" |

electrons emitted from an appropriately pulsed 1.8cm di- Holder Magnetic Field Coils

ameter ferroelectric disk are injected into a 5¢cm diameter
drift tube located 2.8cm from the surface of the cathode.
The flow is focussed by a converging magnetic field intg_. . . .
a 1 cm diameter channel. The anode cathode voltage Wla@ure 1: Schematic of 15kV ferroelectric gun experiment.
provided by a 300ns pulse transformer operated at repeti-\we show in figure 2 experimental data for the beam cur-
tion rates of up to 50Hz. The emitted current was found t@ant in the 15kV gun experiment. The beam current is an

“Work supported by USAFOSR through the MURI Program and byoVerlay of 46 consecutive events at a power supply limited
the US Dept. of Energy. 47Hz.

walls.
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In figure 3 we show a schematic of the radial diode as-_ i ° x X
sembly with data obtained at applied voltages of 1.75an¢g 150 | ! < ]
40kV in figure 4. In figure 4 the radial and axial current = i b .
flows are shown as a function of the strength of the axg3 100 | S ]
ial magnetic field. The critical field, required to suppress i X o .
single particle radial current flow, is indicated on the fig- 9 0| l o o 1
ures. The 40kV data were obtained using a pulse line feed- 0 < o °

ing a 3:1 step up transformer The pulse line has an output — —

impedance of 30Q and generates a 300ns duration pulse 0 0.05 0.1 9'15 0.2 0.25 0.3

which is triggered separately, and subsequently to the fer- B field (T)

roelectric. A 500 resistor is placed in parallel with the

vacuum diode. This limits the voltage excursion if the ferFigure 4. Axial and radial current as a function of applied

roelectric fails to emit. Typically delays between the twoB field for two applied voltages: 1.75kV (upper frame) and

pulses are- 600 & 300ns. 40kV (lower frame). The critical B field in each case is
We show in figure 5 typical data from the radial and axiaindicated by the vertical dashed line.

current monitors at 40kV for low0.07T and high- 0.2T

axial mggnetic fields. As the magnetic field is incrgased 3 DISCUSSION OF RESULTS

the radial current drops to a value close to zero while, as

expected, the axial current increases. Peak axial currentsiifHz Repetition Rate Datafhe data presented gives an

about 250A have been monitored. encouraging view of the potential of ferroelectric cathodes
for use in high repetition rate experiments. It is worth not-
High Voltage Rogowski Coil Axial  ing that the current is limited in these experiments by the
[ 51 Current Monitor potential depression in the drift space. A further feature is
_r _ the effect of conditioning on the beam current. These ex-

Applied B-field periments were carried out in relatively poor vacuunt 10

Torr and the emission repeatibility improved dramatically
Ferroelectric Cathode with time. Arcing at the anode surface could be inferred

i 1o T from current flow from the anode to the cathode. This pro-
J = cess was rapidly reduced to a very low probability with op-
VvV ) eration at even modest repetition rates. The data presented
Resistive Radial were obtained after a few thousand shots had been obtained
Current Monitor with the assembly.

Electron current in radial diode geometrie3the experi-

ment to measure the emission transverse to an applied ax-
Figure 3: Schematic of cylindrical ferroelectric cathode exmal magnetic field was designed to show the potential of
periment. the ferroelectric as a source for production of an annular
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| of an ambi-polar like motion across the anode cathode gap.
Based on the measured injection electron energies a lim-
ited number of protons could achieve velocities of about 10
cmius (higher atomic number ions would give lower veloc-
L 4 ities). Gap closure, albeit with low plasma density, could
then occur in the 1 cm radial gap in times of order 100ns.
At the high voltages~ 30 — 60kV) used in these experi-
ments the sense and magnitude of the applied electric field
would tend to result in the ion motion being suppressed
close to the anode and negate this process. The observation
of reverse diode current flow at late times (.6us indi-
cates that the diode eventually fills with plasma. Based on
) these observations we conclude that the deep potential well
a 908 400 &G04 Bag is probably the dominant mechanism at early time and that
Time {ns) plasma contr'olled flow dominates at.la'ter times. We n'ote,
from events in which the ferroelectric is switched during
the main anode cathode voltage pulse, that axial current
. L et ' flow dominates at high magnetic fields and follows the ap-
plied voltage pulse with zero delay, following the start of
the ferroelectric switching current. The radial current flow
B N is much smaller than the axial flow in these conditions and
does not start typically until there has been a sufficiently
large change from the remnant polarization of the medium.
- = This is consistent with the time taken to form a deep poten-
tial well.

. 4 CONCLUSIONS

rarm—— The observations reported in this paper show that electron
. Lo L i beams can be produced from ferroelectric cathodes, at in-
teresting current levels for high power microwave genera-
200 4 m:_l 500 800 tion. The production of 200-300A beams in both radial and
Time (ne) axial emission configurations at current densities of order
. . . . . ... 75Alcn? has been achieved. The data obtained in the ra-
Figure 5: Rad!al and axial currents emitted from CyIIndrI'dial flow configuration experiment sheds additional light on
cal ferroelectric for B=0.07T (upper frame)'and.B:O.ZTthe emission mechanisms from ferroelectrics. This work is
(lower frame). Top waveform: ¥,q4., 25kV/div; Middle continuing.
waveform: |,.:q;, 100A/div; Bottom waveform: Lqiai,
80A/div.
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