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Efficient operation of a high-power  X-band traveling wave tube amplifier
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We report experimental results demonstrating 54% power conversion efficid3€y energy
conversion efficiency from a two-stageX-band traveling wave tube amplifier designed for
high-power operation. The first stage of the amplifier is a 12-cm-long Boron Nitride dielectric
section used to modulate the electron beam. The second stage consists of a long high-phase-velocity
bunching section followed by a short low-phase-velocity output section. Output powers of up to 78
MW with narrow spectrum width were obtained with700 kV, ~200 A beam. ©1999 American

Institute of Physicg.S0003-695(99)02642-X]

Relativistic traveling wave tub€TWT) amplifiers have This section of dielectric loaded waveguide is followed by a
been investigated as sources for a number of applicationSiC sever and a nonuniform disk loaded amplifier having
requiring high power microwaves, including particle accel-two sections. The first section is a 45 cell bunching section,
erators and raddr.> The microwave energy conversion effi- designed to optimize bunching, in which the cold wave
ciency and spectral purity have been two of the major conphase velocity is 1.0 ¢ at 9.21 GHz and is followed by a 7
cerns in these devices. About 40% peak power conversiopell low phase velocity section used as the output, designed
efficiency at theX band was reported in Ref. 2, but with for high rf conversion efficiency. The wave phase velocity in
~50% of the power in sidebands. A transit time isolationthe output section is 0.79 ¢ at 9.21 GHz. The buncher and the
method was then successfully exploited to improve the spe@utput sections are separated by a tapered four-cell transi-
trum of the output microwavesbut high electric fields limit  tion. The cells had a periodic length of 0.75 c¢m, of which
the extractable power and the method limits the pulse lengt).15 cm is the disk width. The designed outer radius of the
Efforts to improve the microwave conversion efficiency andcells is 1.713 c¢cm, and the inner radii for the bunching and
the frequency and phase stability have led via particle in celputput section cells are 1.175 and 1.075 cm, respectively.
(PIC) code simulations to the traveling wave bunch compresThe amplifier was designed using the PIC coaesic® to
sion and axial extraction concepts described previot3ly. optimize the output power and the beam microwave conver-
The former concept is used to enhance beam bunching whicion efficiency. The detailed design was based on operation
is essential for efficient energy conversion, while the latterat 9.0 GHz, but experiments showed the best operation at
eliminates the reabsorption of the microwave energy by th®.21 GHz. The cold phase velocities in both the buncher and
electrons. In this letter we report the demonstration on botfihe output sections are about 5% greater at 9.0 GHz than at
concepts experimentally. The use of carefully designed se\®.21 GHz. Figure (b) shows the dispersion relations of
ers and transition section minimize reflections, and hence
sideband formation, without limiting the microwave output
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FIG. 2. Typical traces of beam voltag®p), current(middle), and micro-
wave (bottom) (a), and FFT(b). FIG. 3. Gain vs frequencya), the variation of the output power with the
input power level at 9.21 GH@).

TMoy modes inside the two sections of the structure. Thexjgre 3b) shows the variation of the output signal with the
dispersion relations of the structure show the broadband N&aput microwave power level at 9.21 GHz. A similar curve
ture of the amplifier. The disk loaded amplifier section wasy a5 optained at 9.48 GHz.

terminated at each end in gradual tapers to the outside diam- |, the absence of the output mode converter, the output
eter of the cylindrical guide. An additional SiC absorber wasyicrowaves in the Tig, mode were dumped into a SiC load.

added prior to the buffer amplifier as shown in Fig. 1. Theétne measured microwave power conversion efficiency was
severs and tapers, which are used to electrically isolate the 4504 The mode converter increases the power conversion
amplifier and to minimize reflections, are important for high eficiency to 54% corresponding to 43.4% energy conversion
gain operation. Shown in Fig.(d) is the simulated power gfficiency. The increase of the efficiency arises since the cen-
evolution along the second stage. The interaction leads tyy conductor decouples the electrons from the amplified
tight bunching in the high phase velocity ;ecuon. The MiCro+yave, and hence eliminates microwave energy loss due to
wave power levels only grows substantially after the cOmyeacceleration of the electrons. The efficiency numbers are

pression is complete and continues in the short low phasegighty lower than the maximum power conversion effi-
velocity output section. With proper design a simulationgiency predicted in the simulations. The lower energy con-

power conversion efficiency of 58% may be obtained. version efficiency is associated with the rise and fall time of

_ ARogowski coil was used to measure the beam currenfhe heam and with longer pulses should be closer to the
immediately after the dielectric stage and a calibrated electrig,er efficiency.

probe was used to measure the microwave power. The cou- |, conclusion, we have experimentally demonstrated a

pling coefficient of the probe for the TEM and ‘tMmode 5494 efficiency, pure spectrum TWT amplifier design and
was calibrated using a 250 kW magnetron. The frequencyperation. The design is based on PIC simulations of a high

response measurement shows the absence of any narmyase velocity TWT section for beam bunching, followed by

band resonance typically associated with standing waves. g o\ phase velocity output section. Pulse shortening was not
In Fig. 2(2) we show the typical time dependence of the opserved in the amplifier. Similar data have been obtained

beam voltage, beam current, and amplified microwave S'gnéﬂsing an amplifier wh a 2 GHz bandwidth for the T

and in Fig. 2b) the fast Fourier transforFFT) of the het-  o4e. The gain per unit length is higher than that reported

erodyne signal. The output microwave signal follows thegor the structure described in this letter. The other results are
shape of the beam current. All of the data in Fig. 2 are takeRjmilar to those reported above.

from one shot. The FFT shows the clean narrow band spec-
trum of the output microwave signal with a width approxi- This work was supported by the DOE and AFOSR under
mately equal to that determined by the pulse duration. Théhe HPM MURI program. The simulation code was provided
carrier frequency of the output microwaves is always equaby MRC.
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