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Abstract

We report first experiments on high-power traveling 2 EXPERIMENTAL ARRANGEMENT

wave amplifiers using an electron beam generated with

a ferroelectric cathode. The electron beam, which isThe experimental arrangement is shown schematically
driven by a ferrite core transformer-pulse line system,in Fig. 1. The cathode gun assembly is connected to the
has energy of 440 keV and a beam current of 40-50modulator described previously [1]. A more detailed
Amperes. The beam pulse duration is about 250 ns andccount of the modulator design and the cathode
the system is operated at 0.07 Hz. The beam igerformance in a diode arrangement is to be published
generated from a command switched ferroelectricshortly [2]. The gun geometry, which was designed
cathode located in the fringing field of a solenoid. A using data from the aforementioned diode experiments,
single stage disk loaded TWT structure is used as thaises a planar cathode in a modified Pierce geometry.
~9GHz amplifier. A gain of 10 dB is observed over the This geometry produces an approximately uniform
frequency range from 8.9 to 9.4 GHz. The main purposecross section beam of 6 mm diameter throughout the 60
of the experiment is to demonstrate that the ferroelectriccm long experiment. The beam is confined by a ~2000
generated beam is of good enough qualifgr G magnetic field generated by the field coils. The 3 cm
microwave amplification in X band, and to pave the diameter ferroelectric cathode is recessed in order to
way for use of this cathode in future high power produce a uniform beam with the existing magnetic
microwave source experiments. We compare the resultfield geometry. This limits the beam current to ~40 A at
obtained using this system with the output from a PIC440 kV in a 250 ns pulse. The ferroelectric cathode is

code simulation. coated with a 0.2 mm silver grid on its front surface and
a uniform silver layer on its back.. The trigger pulse is
1 INTRODUCTION adjusted to start slightly before the maximum of the gun

voltage pulse, so that when a ~1.5 kV positive trigger

During the last several years, we have investigated th@ulse is imposed on the back of the ferroelectric
use of ferroelectric cathodes for electron beamcathode, a beam current pulse is obtained. The rise time
generation. Previous experiments have found that diod®f the beam current pulse, under appropriate trigger
currents of up to 330 A could be obtained from atiming conditions, is much shorter than that for the
cathode of ~1 cfremission area [1]. The beam current secondary voltage.

in the present design yields 40 A at 440 kV and will, in The electron gun is connected to an X-band single stage
the next gun design, be increased to 200 A. Traveling Wave Tube (TWT), which has 35 uniform
/
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Figure 1: Experimental arrangement for the microwave amplification using a ferroelectric cathode.
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irises and 11 tapered irises on both ends. The inner and
outer radii of the iris are 10 mm and 16.4 mm
respectively, and the periodic spacing of the irises is
7mm. This corresponds to tm& synchronous mode at
the operating voltage and at a wave frequency of 9.0
GHz. The input waveguide at the beginning of the TWT
is connected to an X-band magnetron which provides
~10 kW power into the TWT. A reflector mounted on
the end of the anode is located at a distance equal to a
3/4 wavelength of the TEmode, in order to reduce
excitation of this mode. At the end of the TWT, a
coaxial mode converter/collector is used to separate the
beam and amplified RF output [3]. The beam is dumped
into the collector, in order to avoid re-acceleration of
the beam electrons by the amplified RF. The amplified
RF is efficiently mode converted from the JMnode

of the slow wave structure into a TEM mode in the
coaxial section. Measurement of the RF output power is
made with an E field-probe mounted between the
amplifier and the microwave absorber located at the end
of the coaxial converter.
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3 EXPERIMENTAL RESULTS AND
DISCUSSION ’

Figure 2 shows typical waveforms for the gun voltage, S
the beam current, and the amplified microwave output
pulse. The start of diode voltage is defined as t=0, and
the RF power is taken as the relative power with respect
to the magnetron output. At t=200 ns, the trigger pulse

is applied to the back of the ferroelectric cathode, the & \ / E
current rises to ~40 A with a rise time much shorter -10 i
than that of the diode voltage pulse. The pulse width of ]
the current is ~265 ns. The RF pulse rises slightly after -200 0 200 400 600 800
the current begins, and continues for up to 250 ns, Time [ns]
which is comparable in width to the beam current pulse.Fig. 2. Waveforms for the electron gun voltage, the
A series of experiments have been performed at variou§eam current, and the microwave output pulse

RF input frequencies. Fig. 3 shows the amplifier gain

and the output pulse width as a function of thebeen previously described and is a relativistic
frequency. The second scale on the abscissa indicatgdenomenon [4]. In the simulated data the gain has
the cold structure wave phase velocity. The TWT isdropped to zero by 9.2 GHz, but gain is seen
designed for synchronous operation at a beam energy dixperimentally with even higher structure wave phase
430 keV and a wave frequency of 9.0 GHz. In the velocities.

experiment an RF gain of ~10 dB was obtained over a®n interesting phenomenon is shown in the second part
frequency range from 8.9 to 9.4 GHz. The Output gainOf figure 3 where we indicate that the RF pulse width
as predicted by simulation, using the 2D PIC codeincreases at the higher end of the frequency band to the
MAGIC is 16.5 dB at synchronous flow conditions. full beam pulse width. In long, uniform disk loaded
This value was obtained however with the centerStructures there is the expectation that the asymmetric
conductor mode converter/beam dump optimally HEM modes may develop [5,6,7]. This is particularly
located. In the reported experiments it was retracted!likely when the structure inner radius is relatively large
The simulated gain curve lies at lower frequencies bycompared to the outer radius and the lower branch of
about 250 MHz than the experimental observatidhe. ~ the HEM mode overlaps with the TMO01 mode
cold wave phase velocity in the TWT structure changesPassband. The HEM mode will usually lead to beam
Significanﬂy over the frequency range emp|oyed in thelOSS to the wall. In the present case the mode converter
amp”fier ranging from |ess than (]E?to 08'@ at the at the end Of the Output SeCt|On W|” aISO actas a

lowest frequency. Non-synchronous velocity gain has

RF Output Power
I
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with and without a choke mode cavityhe inner and

12 ° L V460 kv outer radii of the traveling wave structure are 8 mm and
i °® ® . i 14.8 mm respectively, and the periodic spacing of the
9 ® 30 irises is 7.5 mm. This structure is identical in
u‘j L o e o i dimensions to the uniform part of the amplifier
p 6 ° designated as Structure A in a companion paper
& i 8 | presented at this conference [10]. As shown by Figure
4, the addition of the choke cavity reduced the
3 transmission of the lower HEMmode by 220 dB.
- 1 Further experiments and theory relating to the
0 o 3 excitation of the hybrid mode are reported in the
8.8 9‘.0 9.2 9‘3.4 f (GHz) 9.6 companion paper.
0.94
o T o 4 CONCLUSION
300 V60 ° An X-band microwave amplifier using a ferroelectric
o501 i cathode has been successfully designed and tested. The
u L [ experimental results mark the first observation of
Z 200 significant microwave amplification from a TWT using
g 5ol ® o [} a ferroelectric generated electron beam. A 10 dB gain
o i S [ ¢ has been measured over the frequency range from 8.9 to
3 100 hd : g 9.4 GHz. The experimental range of frequencies for
~ - which gain is observed does not exactly match the
01 ° simulation result. The reason for this discrepancy is not
0 3 ° clear.
8.8 90 9.2 94 ¢ (GHz) 9O A 250 ns wide RF output pulse is obtained at the higher
094 O‘_gg 0‘_71 frequencies and some pulse shortening is observed at
Beotd the lower end of the passband. The pulse shortening

might be associated with the onset of excitation of a
hybrid mode interaction.

A new electron gun design, which will give the rated
beam current of 200 A at 500 kV, is presently under

Fig. 3 Characteristics of RF Gain and pulse width vs.
frequency.

reflecting boundary for the HEM mode. We have made
e . way.

a preliminary search for the presence of this mode but

have not yet identified its presence in these
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