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Experiment and simulation demonstrate high power microwave generation at 9 GHz using a 
9-cm-diam, 44%keV, 7-kA annular electron beam. The beam is propagated in a coaxial drift 
tube between inner and outer conductors, a configuration which increases the available beam 
current and reduces the surface fields from existing high power sources. The microwave 
interaction is provided by an extended length loaded cavity, overcoming the limitations of 
radiative loss and low quality factor usually imposed by the coaxial geometry. A coupler samples 
25 MW of the total 200 MW produced by the beam-cavity interaction. Simulations indicate that 
the 7% efficiency can be significantly improved by optimizing the interaction length. 

A number of high power microwave devices, such as 
relativistic klystrons,1.2 gyroklystrons, traveling wave 
tubes,4 and free electron lasers’ have emerged over the past 
years to converge on the radio frequency (rf) amplifier 
requirements for high gradient particle accelerator and 
high power radar applications. Common among these dif- 
ferent approaches is the use of a high energy ( > 400 keV) , 
high current ( > 100 A), short pulse (<2 ps) electron 
beam to interact with resonant fields and structures in a 
single conductor waveguide, resulting in microwave power 
from several gigawatts to tens of megawatts at frequencies 
spanning the microwave spectrum from 1 to 30 GHz. As 
the devices are scaled to higher’ frequency or higher power, 
however, inherent problems remain due to the high field 
levels in the structures and the high gain of the interac- 
tions. Relativistic klystrons must use traveling wave output 
cavities, or rely on insulation at the cavity gaps, to avoid 
breakdown and pulse shortening. Gyroklystrons and trav- 
eling wave tubes must incorporate means to eliminate un- 
wanted oscillations. In practice, the peak output power is 
limited in most devices by these considerations as well as 
the available beam power. 

In this letter we report on a coaxial device which gen- 
erates several hundred megawatts of single frequency radi- 
ation in X band. It is possible that a coaxial beam geometry 
can alleviate many limitations of existing sources. In this 
configuration, an annular beam is propagated between in- 
ner and outer drift tube conductors. Low power amplifiers6 
and high power oscillators’ in a coaxial geometry have 
previously been reported. Recently, researchers have ana- 
lyzed the coaxial Cerenkov interaction* and proposed use 
of a coaxial system to increase the limiting current in an- 
nular beam klystrons.2 The advantage of a large average 
diameter coaxial configuration is twofold; it is capable of 
propagating very high currents in the annular beam, and 
the surface fields are reduced due to the increased volume 
in the microwave structures. Since the traverse magnetic 
(TM) mode cutoff frequencies are controlled only by the 
separation distance between conductors, single mode or 
discrete cavity interactions may still be preserved. The ma- 
jor disadvantage of a coaxial system is that the transverse 
elytromagnetic (TEM) mode can propagate in the drift 

space. This transmission line mode will degrade the quality 
factor (Q) for standard, small-gap cavities from several 
thousand to less than a hundred, resulting in a profound 
loss of efficiency for a normal multicavity klystron arrange- 
ment. 

To improve the interaction efficiency in our experi- 
ment, we designed and manufactured a 16-cm-long toroi- 
da1 cavity lined with dielectric. Dielectrics were used for 
ease of analysis and manufacture, and can be replaced by 
metallic periodic structures for highest power operation. 
The extended cavity supports a Tbl mode at phase ve- 
locity up <c, thus providing a strong distributed interaction 
with the beam. The drift tube sections attached to the cav- 
ity are cutoff to the TM mode, indicating reflection at the 
cavity-drift tube boundaries. A substantial amount of cav- 
ity energy may be lost to the drift space TEM mode, how- 
ever. The cavity is similar in many respects to a finite 
length traveling wave tube,’ only that here we benefit from 
reflections and gain to actively increase the effective Q. 

A schematic of the experiment is shown in Fig. 1. A 
conical cathode with a graphite tip is fully immersed in the 
uniform magnetic field of 1 T, and field emits a 2-mm-thick 
annular beam of 9-cm diameter. The beam parameters of 
400 keV, 7 kA, and 50-ns duration are produced by an 
Experimental Test Accelerator transformer/Blumlein 
module.” The drift tube is composed of 7.6- and 9.8-cm- 
diam inner and outer conductors, and is terminated by a 
wedge-shaped silicon carbide absorber. Removing the ab- 
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FIG. 1. Schematic of coaxial extended length cavity experiment. The 
experiment is - 1 m long with a maximum diameter of 12 cm. The slot 
(an aperture on the cavity endplate) and waveguide arrangement com- 
prise the cavity coupler. 
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