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Abstract—Gyrotron traveling wave tubes (gyro-TWTs) are
ofconsiderable interest for high-power millimeter and
submillimeter radiation sources. Lossy dielectric waveguide to
improve the stability of the cyclotron traveling wave tube
amplifiers and other properties have a positive effect. The
combined appropriate selection of the lossy waveguide
thickness, permittivity, voltage, the applied magnetic field and
the velocity ratio can effectively give attention to bandwidth
and instability to ensure the stable operation of the gyrotron
traveling wave amplifier. It is revealed that due to the lossy
property of the dielectric, the energy in the dielectric slots is
absorbed effectively and the high order Bloch harmonics
induced by the periodicityof the structure are suppressed,
which changes the discrete spectrum under lossless condition
into a continuous one .

INTRODUCTION

As a high power broadband millimeter wave
sourceGyrotron amplifier is the inevitable choice for the next
generation high power millimeter wave imaging radar
transmitter. Gyro-TWT with high average power capacity,
high efficiency, high gain and wide bandwidth and other
characteristics, can be applied in high resolution radar and
high capacity intensive communication systems, but an actual
gyro-TWT interaction system is highly susceptible to potential
absolute instabilities, which bring up oscillations and spread
out in the entire interaction system. The National Tsing Hua
University reported that an ultra-high gain gyro-TWT
amplifier employing distributed wall losses produced 93 kW
peak power, with 70 dB saturated gain, 26.5% efficiency and a
-3 dB bandwidth of 8.6% (Chu, Chen, Hung, Chang, and
Barnett1998; Chu et al. 1999).Recently, a new type of
distributed loss scheme has been employed by NRL for high
average power applications. A Ka-band TE1l mode gyro-
TWT loaded with high thermal conductivity ceramic elements
produced 78 kW power, 60 dB saturated gain and 19%
efficiency with a 3 dB bandwidth of 17.1%.This paper aims to
reach an interaction structure with distributed loss for gyro-
TWT, which demonstrates that loading lossy dielectric is
excellent to stabilize the spurious oscillations. Furthermore,

the designs of magnetron injection gun, interaction circuits,
and input and output structures are also achieved to satisfy the
requirements.

STRUCTURE AND ANALYSIS OF DISPERSION

In our gyro-TWT research, we employed a long loaded
section of constant radius which consists of lossy ceramic
rings spaced with metal rings to provide controlled loading of
the fundamental TEOl mode. The scheme of periodical
dielectric loaded waveguide and normalized radical E-field are
described in Fig.1 and Fig.2.
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Fig. 1. Schematic view of the simulation model for gyro- TWTinteraction
structure.
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Fig. 2. (a) Transverse structure of the dielectric-loaded metal cylindrical
waveguide. (b) Periodical dielectric loaded waveguide for gyro-TWT.

The interaction circuits are structured with a lossy section
(AIN-SiC) followed by a copper section. The nonlinear
highest power portion of the amplification occurs in the short
conducting wall section at the end of the interaction
region.The dispersion diagram of TEg gyro-TWT interaction
circuits with unloaded structure is shown in Fig. 3.
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Fig. 3. Dispersion diagram of TEy; gyro-TWT

Small-signal analysis is the foundation of gyro-TWT beam-
wave interaction analysis andgives a clear physical
interpretation to the amplification and self-induced oscillation
ofgyro-TWT. Taking advantage of the small-signal analysis,
start current and start length oprimary modes in smooth and
dielectric-loaded waveguide arecalculated. According to
actual gyro-TWT parameters such as operating band and
outputpower et al. and to the status of our high power
Gyrotron hot test Lab, essential parametersof distributed-loss
loading circuit of Ka-band gyro-TWT including beam voltage,
current,velocity ratio, waveguide and guiding center radius are
determined.
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Fig. 4 Propagation loss of unit length vs. thickness of loss layer d=0.07 cm
(relative permittivity &"=11-6j, waveguide radius rw=0.56cm).

Whenbeam current /,=10 A, even the most susceptible
oscillation mode TE, whose start lengthin lossless circuit is 4
cm, longer than designed lossless circuit length 3.5 cm. Hence,
thedielectric loading scheme is capable of suppressing
oscillation of both operation andparasitic modes (Fig. 4).

CONCLUSION

The theoretical predictions ofa Ka-band TEOl gyro-TWT
has been presented. Distributedloaded lossy dielectric rings
are introduced to suppress theunwanted modes TE,;,TE,;, and
TE,. The performanceresulted by loss wall plays an important
role for the gyro-TWT oscillation stability. Dielectric loading
results in reducing of operating mode gain of unit length.
Adjustment of interaction section structure is necessary.
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