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Abstract based on EGUN simulations. Up until the present we have

; : enerated a- 420kV, 200A electron beam in a pulse with
A pulse modulator, previously described at the 1995 PAG elatively flat top of~250ns. The ferroelectric cathode,

meeting, has been reconfigured to improve the pulse sha éich is command triggered 2,:s before the diode volt-

at a slightly lower beam energy, but with a higher curren
(500kV,1kA). The device has been run at rated voltage an € pulse, produces the 200A beam at an average current
ensity of 75 Alcri.

current into a resistive load for pulse durations in exces
of 250ns and at- 0.1H z repetition rate. The modulator,
which is designed for use in our high power microwave re- 2 MODULATOR DESIGN MODIFICATIONS.

search program, has been coupled to an electron gun which

uses a ferroelectric cathode and has been operated in thi modulator design, which was originally reported at the
mode producing a 500kV, 200A electron beam. We rePAC95 meeting, has been run as either two 6:1 step up
port in this paper on the revised design and pencorman(gg;msformers operated in series or as a 12:1 step up trans-
of the modulator and present preliminary data on the eleformer run with a single set of cores. The lower gain, com-
tron gun design and characteristics. The recessed feriR@ared to that reported at PAC95, was needed to reduce the
electric cathode is located in the fringing field of a 3k@'ise time of the output pulse. In both configurations the
solenoidal magnetic field so that the emitted current wilpystem is now driven by three pairs of plus/minus 40kV
be compressed to abouta0.6cm diameter pencil beam, charged 5! pulse lines and hence has an outputimpedance
suitable for use in high power microwave amplifier experof ~500€2. At the rated voltage the energy stored in the
iments. The cathode emission is initiated by a 100ns, 2kRulse lines is~ 300J. The modulator is switched by a com-
pulse inductively decoupled from the ground by a coaxthand triggered pressurized gas switch. A shunt resistor
ial cable wound around the transformer core. The puld&®= 900£2) is used to limit the voltage excursion if the
transformer, which is driven by three pairs of pIus/minuéﬁOde current is not properly initiated. The shunt resistor
charged B pulselines, feeds a step-up transformer givings also used, together with a 102kgun voltage resistive

a matched output impedance of 5002. It is switched monitor located along the insulator stack of the gun. A
independently of the ferroelectric trigger to provide maxisSchematic of the transformer is given in figure 1. We show
mum operating flexibility. Results will be reported on allthe two core arrangement of 6:1 step up transformers in the

that the volt-second product of the driver pulse transformer
1 INTRODUCTION has been increased by approximately 16 %. As previously

reported the system is immersed in transformer oil, but is
As part of our high power microwave generation researchow connected to an electron gun. Base pressures are at
program we are developing a low repetition rate modulayresent limited to abouitd—? Torr but plans are in hand to
tor/electron gun. The modulator uses a ferrite core trangperate the system at lower pressures. The system is now
former the design of which is an evolution of a device preset-up to include an automatic reset of the ferrite cores and
viously reported in the PAC95 Conference [1]. We requirgo operate in a command trigger mode. Previous results
a pulse with a flat top of order of or greater than 250ns aere limited to self break switch operation. More detail on
a voltage of 500kV and with a beam current of 200-500Athe experimental set up of the modulator is provided in [1].
depending on the application. We have also been involved The electron beam is generated from a 1.8cm diame-
in the study of ferroelectric cathodes and plan to investigaigy 1mm thick disk of PZT coated with a front surface
their suitability for use as a high current density electrony,,m silver grid. Emission from ferroelectrics has been
beam source. In the following sections we summarize thgascribed elsewhere [2], where extensive references to the
modifications made, since our last report, to the modulat@rrent literature are presented. Emission from the ferro-
and describe the implementation of the ferroelectric cathsectric is initiated by the application of a fast rising pulse
ode. Our present gun experiments concentrate on extengknerated by krytron switched PENs coupled to the rear
ing the current-voltage characteristics of the ferroelectrigyrface of the ferroelectric. The pulser is connected to the
to ~ 500kV with a lesser effort made to generate a Usggrroglectric by a length of RG178 wound around the trans-
ful electron beam. Designs are in hand for the actual gugrmer core adjacent to the secondary windings. The wind-

“Work supported by USAFOSR through the MURI Program and byiNd inductively decouples the transmission line from the ex-
the US Dept. of Energy. perimental ground. The impedance is reduced 12.52,
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1:6 duration of about 250ns. The voltage pulse shown in figure

O)
S

2b was obtained at 500kV using the two core series wind-
. ing arrangement feeding a 9M0esistive load. Note that
3, 5ohm PENs in parallel the 16% increase in the core volume was not in place at the
o time these records were obtained.
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Figure 1: Schematic of pulse transformer. 0.0 0.5 . 1.0 1.5
Time (us)
to provide a fast rise time on the ferroelectric pulse, at the
cathode by a 2:1 transformer. In the experiments reported 300

in this paper the tests focussed on determining the emis-
sion characteristics of the ferroelectric and not on beam~ 200
production. This was necessary since no tests of ferroele§ 100 B
tric emission have been reported in diodes or electron gung
with anode cathode voltages in excess of 50 kV, and thé® or
scaling characteristics are required to design the eIectrog -100
gun. The ferroelectric cathode was flush mounted at thes 2200 B
center of a 10cm diameter cathode shank. The gridded fers :
roelectric surface was recessed about 0.3 cm from the frord -300 |
surface of the cathode shank. A confined, but not laminar;” -400
electron beam was generated in a converging magnetic field . roo
reaching a peak value of up to 3kG about 4cm into a 5cm '50% 0 0.5 1.0 1.5
diameter drift tube. The drift tube was located approxi- ' ' ' '
mately 6.5cm from the front of the cathode. The beam was
collected on a 2.5cm diameter collector about 10cm into_ .
the drift tube. EGUN simulations show that the beam wilf i9ure 2: Beam current (100A/div) and the secondary volt-
all enter the drift tube and be collected on the center co9€ for the3.3Q line driven transformer.

ductor. The beam current is monitored by a Rogowski coil

Time (us)

attached to the collector. In figure 3 we show a plot of the beam current versus the
gun voltage to the three halves power. The linear plot indi-
3 EXPERIMENTAL DATA cates a gun perveance of Qgrv. Previous lower voltage

data show, in vacuum diodes, a current level enhanced by
The level of electron emission from the ferroelectric catha factor of~ 100 over that predicted by the Child Lang-
ode was determined by measuring the current collected omuir law. At present it is not clear whether the differences
the center conductor in the drift tube. In the absence of@e due to the gun voltage or to the long delayd) be-
trigger pulse to the rear of the ferroelectric no current wasveen the triggering of the ferroelectric and the application
monitored. If the ferroelectric pulse was applied more thaof the gun voltage. Our earlier observations<@a60 kV
2 us prior to the diode voltage the beam current remainealso showed that the diode current dropped to zero with de-
zero, whereas pulsing the ferroelectric at times2.0us lays in excess of 2s. In order to achieve the microwave
prior to the gun pulse consistently generated an electrggowers desired in the TWT amplifier research program we
current pulse. This result is consistent with previously rerequire at least 200 A beams. This level of emission has
ported data [3]. Figure 2a shows representative data obeen achieved in the present experiments from an exposed
tained for the beam current when the delay between ti8 cn? ferroelectric cathode at an average beam current
two pulses was about 1:8. The current rises to its max- of nearly 75 A/cnd. Unpublished data, also presented in a
imum value in about 200ns and shows a relatively flat topompanion paper at this meeting, report 20A, emission at
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15 kV at a repetition rate of 50 Hz [3]. Although mea-
surements have been made of the emittance of electr
beams generated from ferroelectric cathodes no data h
been reported under the high voltage, high current con

tions achieved in these experiments.

5 CONCLUSIONS

Wg have demonstrated operation of a 500kV, X0@ec-
ron beam generator capable of delivering a 250ns pulse
duration at a low repetition rate. The system will be used

to generate 200-500A beams for use in our new 35 GHz

source research program. The extension to 500A beam

250 ; currents may require a larger active emission area. EGUN
[ simulations have been made indicating a suitable gun con-
< 200 ®e figuration, which has not yet been tested.
= ° Work is in progress testing the ferroelectric emission
o 150 ° process with shorter time delays than the gs8used in
5 [ ® these experiments. The work reported here and in the com-
O 100 - * ¢ * panion paper (ref 3) at this conference are believed to be
S ; ° * the first demonstrations of:
‘% 50F a. ferroelectric cathode emission in MW power level
[ electron guns,
, , , b. ferroelectric cathode operation at 50 Hz repetition

Voltage 2 (Arb. Units)

Figure 3: Beam current vs Diode Voltage raised to the thre[é]
halves power.

4 DISCUSSION OF RESULTS 2

In the present set of experiments we have reported modifi-
cations made to the pulse transformer used to drive the fé¢8]
roelectric cathode-electron gun. Two configurations have
been investigated for the modulator, of these the two 6:1
step up transformers have proved to be the most satisfac-
tory as regards the pulse rise time. The data, on the electron
gun emission, were obtained with a single core 12:1 step up
transformer.

These electron emission data reported here are the first
results on electron beam generation at gun voltages in ex-
cess of 50 kV. With the existing delays between the ferro-
electric and gun voltage pulses it is not surprising that the
beam current was in close accord with that expected on the
basis of space charge limited emission, as determined by
the EGUN program. The observed currents are consistent
with those obtained from EGUN using a 1.8 cm diameter
cathode with a gap of about 5-6 cm. The emission is consis-
tent with plasma formation on the front surface of the cath-
ode allowing the high current densities. The current densi-
ties obtained are predicted by EGUN with gaps of about 5
cm and are consistent with gap closure velocities of order
2 cmjus, typical of the figure found in pulse power driven
field emission diodes. Previous work has indicated that the
emission from a ferroelectric cathode is controlled by the
ferroelectric for times of up to about As after pulsing
of the ferroelectric and that plasma effects may dominate
at later times. Work is presently in progress studying the
emission under conditions where the delay time between
the ferroelectric pulse and the diode voltage is reduced be-
low ~1pus.
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