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Spectral measurements of gyrotron oscillator with ferroelectric
electron gun
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Since the discovery of the ferroelectric electron-emission effect, its implementation in microwave
tubes has been impeded by various reasons and in particular by its relatively wide energy spread.
Recently, a 1.5 kW microwave output from a gyrotron based on repetitive ferroelectric electron gun
has been reported. This letter presents measurements of the spectral variations of the gyrotron
output, and relates them to the electron-gun energy spread and to other inherent line-widening
causes, such as the pulse length. The result shows that the contribution of the electron energy spread
to the spectral content is not significantly larger than the other causes of line broaden2@02©
American Institute of Physics[DOI: 10.1063/1.1499993
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eration is the velocity spread of the electron beam. This pa- % g‘vm
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relatively large. Therefore, in order to properly integrate the
ferroelectric cathode into a microwave tube, a reduction of ()
its electron velocity spread is essential.
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) FIG. 1. The experimental setufa) The ferroelectric electron guitb) The
dauthor to whom correspondence should be addressed; electronic maifjyrotron oscillator scheméc) The diagnostic setup.
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FIG. 2. The exciting trigger voltage and the corresponding collector current™!G. 4. Fourier transform of the measured IF sigfultted compared to an
ideal 0.2us IF pulse(solid).

The electron guiiFig. 1(a)] is based on a ferroelectric cath- _ _ . . . .

ode made of a 10 10x 1 mn® lead—lanthanum—zirconium— lector section, and is delivered to the diagnostic s¢ttip.
titanate (PLZT) 12/65/35 ceramic plate. The re@ronemit-  1(¢)]. The microwave signal is attenuated and split to two
ting) electrode is made of uniform>77 mn? silver paint. channels in which its spectral widening is measured by two
The front (emitting electrode consists of a >77 mn? different means. In one channel the signal envelope is de-
stainless-steel grid, attached to the ceramic plate. Anothdgcted, and in the other channel heterodyne measurements
stainless steel grid is placed 0.5 cm in front of the cathode@r® made by a mixer and a local oscillathD). An interme-

and the anode is distant 6 cm from the grid. The front elecdiate frequency(F) in the range of 50-1000 MHz is ob-
trode is grounded while the rear electrode is electrically confained. An HP5364A microwave mixer detector is employed
nected to the grid and applied with-1kV pulses of N this setup. The IF signal is observed either directly by an
~0.2us duration. These pulses induce electric field on the?Scilloscope(for IF signals up to 200 MHzor by a fre-
cathode and ignite the surface plasma from which electronguency and time interval analyz€éiP-53724.

are attracted by the grid. The electrons pass the grid and are A typical trigger voltage pulse applied on the cathode
then accelerated by the anode, which is connected to a dg2r side and the corresponding electron beam current mea-
accelerating voltage~12 kV). A focusing solenoid guides sured at the collector are shown in Fig. 2. The detected signal
the electron to a hole in the anode center, from where they

are delivered to the interaction region of the tlibay. 1(b)]. 400—
The magnetic field also suppresses the plasma expansion at (a)
allows pulse repetition rates of up to 3 MPIZhe electrons ~=390; Flo = 7.4GHz

enter the interaction region and obtain a transverse velocityk
component by the kicker magnetic field. The main solenoidZ 380}
produces an axial magnetic field that is needed for the CRM% o\e\e/e\e
interaction and guides the electrons through the interactior 337qL
region in cycling trajectories. After the interaction, the elec- E
trons are collected in the collector section where the electrorw 360+
beam current is measured. More parameters on this sectio
are detailed in Ref. 5.
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FIG. 3. The detected gyrotron output signal, and the IF signal at the mixeFIG. 5. IF frequency measurements for LO frequencies of(&.4nd 7.7
output. GHz (b).
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envelop and the IF signal of a typical microwave pulse istron energy spread employed in this electron gun, namely the
shown in Fig. 3. In this measurement the LO frequency is 7.5eparation of the electrons from the plasma by a*gfith a
GHz, and the microwave signal frequency is verified to betwo-stage scheme, satisfies the requirements of gyrotrons in
around 7.0 GHz. The Fourier transform of the measured IEhe microwave regime. Beside gyrotrahsthese results en-
signal is compared to the Fourier transform of a 97.2 MHzcourage the use of ferroelectric electron guns in other free-
ideal sine wave multiplied by a 0,2s square pulse with the electron microwave tubes in pulsed mode, such as high
same energy. Figure 4 shows for comparison the power spepower free electron lasefsand traveling-wave tubes’ The
trum of the two wave forms. The full width at half maximum ferroelectric electron gun can be used as a source of high
(FWHM) of the ideal signal is 4.4 MHz while the FWHM of current electron beam with versatile shapek.can also be
the measured gyrotron output signal is widened to 6.2 MHzshaped to obtain a multielectron-beam devicélsing the
An independent evaluation of the gyrotron spectral consame design approadgtwo-stage gun with a grjgd such ar-
tent is obtained by the frequency-and-time interval-analyzerays may produce high total current with a sufficient quality
(HP-5372A measurements. Figuresaband 5b) show two  for multibeam microwave-tube arrays.
examples of the frequency variation during the pulse. The i _
LO frequencies are 7.4 and 7.7 GHz, and the measured IF _1h€ authors are indebted to the anonymous reviewer of
frequencies are 0.38 and 0.68 GHz, respectively. AccordRef- 5 who proposed to measure and evaluate the signifi-
ingly, the microwave signal frequency is verified as 7.02€2NC€ of the vglocny—spread to the ferroelectric-gun gyrotron
GHz (a similar result was obtained in tens of shots in differ-SPectral widening.
ent LO frequencies In these measurements the signal zero
crossings are counted in intervals of 75 ns and the average ,
frequency value is obtained for each period. IF frequency Sé Fégggrz;"o%ra D. Shur, Ya. E. Krasik, and A. Dunaevsky, J. Appl. Phys.
variations within 5 MHz are measured during the pulse, in2g prori, D. Shur, E. Jerby, G. Rosenman, R. Advani, and R. J. Temkin,
accordance with the Fourier transform result. IEEE—IR and MM Waves Conference Digest, Wintergreen, Virginia,
Another factor that contributes to the spectral widening 3JRU'V|5£?7MPFE£;—%8' ég;r%é ety G. Rosenman. R. Advani R.
of the gyrotro.n output signal in this setup is the |n§tab|llty of Temkin, and C. Prsloé’ Appf. P'hy& Lﬁﬁ4"335(1999. T T
the accelerating voltage during the pulse. The high voltage'm. Einat, E. Jerby, and G. Rosenman, IEEE Trans. Microwave Theory
variation during the pulse is-0.16 kV (out of 12 kV) which Tech.50, 1227(2002.

. . 5 P
corresponds to & 2.5 MHz variation in the CRM resonance M- Einat, E. Jerby, and G. Rosenman, Appl. Phys. L#d1.4097 (2003
frequency M. Einat, Thesis proposal, Tel Aviv University, May 2000; A. Dunaevsky,

. . . . Ya. E. Krasik, J. Felsteiner, and A. Sternlieb, J. Appl. Prg%. 975
The results show that the main spectral widening is at- (2002.

tributed to the finite pulse width, which is inherent to the 'R. Advani, J. P. Hogge, K. Kreischer, W. Mulligan, R. Temkin, G. Kirk-
ferroelectric electron-gun pulsed operation. The contribution M2 B. Jiang, and N. Reinhardt, IEEE Trans. Plasma 36i.1347

of the eleCtrQn energy sDread Caysed_ by. the ferr_oelectrlcaM Einat, E. Jerby, and G. Rosenman, Nucl. Instrum. Methods Phys. Res.
electron gun itself to the spectral widening is a considerable A 483 326(2002.

but not a dominant factor. It appears to have a secondaryY. Hayashi, X. Song, J. D. Ivers, D. D. Flechtner, J. A. Nation, and L.

: : : : : . Schacter, IEEE Trans. Plasma S29, 599 (2001).
contribution to the spectral widening, since the ferroelectncmv G. Baryshevsky, Nucl. Instrum. Methods Phys. Red& 281(2000.
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