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Radio-frequency plasma cleaning for mitigation of high-power
microwave-pulse shortening in a coaxial gyrotron
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Results are reported demonstrating that radio-frequemny plasma cleaning is an effective
techniqgue for mitigating microwave-pulse shortenirge., lengthening the pulsein a
multimegawatt, large-orbit, coaxial gyrotron. Cleaning plasmas were generated by 50 W of rf power
at 13.56 MHz in nitrogen fill gas in the pressure range 15—-25 mTorr. Improvements in the averaged
microwave energy output of this high-power-microwave device ranged from 15% to 245% for
different initial conditions and cleaning protocols. The mechanism for this improvement is believed
to be rf plasma sputtering of excess water vapor from the cavity/waveguide and subsequent removal
of the contaminant by cryogenic vacuum pumps. 2600 American Institute of Physics.
[S0003-695(100)01849-7

The improvements in achievable power levels in high-permittivity. For the operating frequency of these experi-
power-microwave devices over the past decade have oftements, 2.5 GHz, this cutoff electron density is a moderate
been met with a reduction in the corresponding microwavevalue of 7.7 101%cm™3,
pulse length:? This phenomenon is known as microwave- The experimental configuration is depicted in Fig. 1. The
pulse shortening and generally holds the radiated energy gbaxial gyrotron and accelerator have been described in de-
more or less a constant as power is increased. Previouail elsewherg!® and only essential features will be given
experiments™ have related microwave-pulse shortening tohere. The coaxial gyrotron consists of a cusp electron gun,
the formation of plasma from the cathode, anode, interactiowhich generates a large-orbit rotating electron beam of en-
regions, and e-beam collector of the microwave tube. Ouergy 0.8 MeV, tube current of 300—1000 A, and pulse length
earlier experiments also correlated this plasma with hydroef 0.5-0.6 us. The electron beam passes through a coaxial
gen alpha-line emission, suggesting that water vapor ateavity followed by a collector in which electrons are
tached to the inside surfaces of the vacuum system was tldumped. Microwaves with peak power levels of 10—40 MW
major contaminartt-® Furthermore, experiments at Sandia pass through the collector and exit the device through a
National Laborator{® and the University of Michigdhdem-  Lucite window.
onstrated that radio-frequencsf) plasma cleaning is an ef- Radio-frequency plasma cleaning is performed by apply-
fective means of cleaning contaminants from ion- anding to the center coaxial rod about 50 W of power at a fre-
electron-beam diodes in MeV-pulsed power accelerators. quency of 13.56 MHz. The fill gas is nitrogen at pressures of

The purpose of this letter is to demonstrate that rf plasma5-25 mTorr. When the rf discharge is established, ions ac-
cleaning can mitigate the effects of microwave-pulse shorteelerated in the rf plasma strike water layers on the surface
ening due to plasma formation in pulsed-power, multi-MW of the microwave cavity and collector structure and desorb
microwave sources. The achieved microwave-pulse length-
ening is believed to be due to a reduction in the inventory of
wall contaminants, primarily water vapor, released during Outpﬁf;mzv;
high-power electron-beam collection and microwave produc-
tion. The subsequent reduction of plasma density growth de-
lays the onset of plasma cutoff of the microwave power,
which occurs when the plasma electron density exceeds the
critical value:
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dpermanent address: GE Lighting, 1975 Noble Rd., Cleveland, OH 44112FIG. 1. Cutaway, side view of microwave interaction region. Connection of
YElectronic mail: rongilg@umich.edu rf power supply to the coaxial gyrotron center conductor is shown.
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FIG. 3. (a) Peak microwave power and) microwave energy plotted vs
microwave-pulse lengttfull width at 1 MW). The average for each case is
represented by an enlarged plot symbol. The standard deviation of this av-
erage is given by error bars.
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FIG. 2. Digitally averageda microwave power over 15 shots artt)
H-alpha optical emission over 12 shots for uncleaned ¢Bsand rf cleaned
case(2).

Figure 3 presents a statistical analysis of the microwave
water molecules. These desorbed molecules and the fill gagnission data for casgd) and (2). In Fig. 3a), one can
are subsequently removed from the system by two cryogeniobserve an increase of 30% in the average of the peak mi-
pumps. Essentially, the rf plasma cleaning reduces the waterowave power; another observation from these data is an
inventory available to be released during e-beam operatioincrease of 36% in the average microwave pulse length. By
of the coaxial gyrotron. digitally integrating the individual microwave signals, the
Experimental data are presented in Figs. 2 and 3. Thegeer-pulse microwave energy can be calculated and graphed,
microwave emission data were collected to compare twas shown in Fig. @). The average microwave energy for the
cases: plasma cleaning case is increased by 63% compared to the
Tbase vacuum. Utilizing analysis of variantethese in-
creases in average power, pulse length, and energy exhibit

: tatistical confidence levels above 99%.
@ ezlgter p_lrasma gtleanlng bg 5? \;V f?r 1'5 hata pressure OF Other rf plasma cleaning protocols have been applied,
1X1rg_50”7 4n| ;%9(2'}' ost-rtcleaning  vacuum Wasincluding alternating cleaned and uncleaned shots. However,
- A orr. the post-rf cleaning data exhibited the most statistically sig-

Figure 2 depicts the digitally averaged microwave-powe|n ificant improvements, ranging up to 245% energy inc_:rease
signals measured by a crystaliode detector for caseél) over an extremely contaminated case right after opening the
and (2). For both cases, the first two spikes of microwavevaClIJ:msa%?:;%p?ﬁé:é data prove that radio-frequenc
power are caused primarily by reproducible e-beam voltage Y, ata prove | dio-trequency
fluctuations. In uncleaned caé® of Fig. 2a), it can be seen plasma cler_;mmg can exh|b|t.a statistically significant im-
that the averaged microwave signal from 15 shots is attemgac:jven;r:rég th?o;elvetrﬁge rg;ir:;’}/avem%%g?;iepuliZClSSr%tg’
ated after the second major spike of power. However, casg, ~—5 6 . ’ )

L ' 10 °—10 °Torr) of microwav riven Ised-
(2) of plasma cleaning, in Fig.(d) (the average of 12 shots 8 0 0" Tom) o crowave tubes driven by pulsed

. . . power machines. This research reduces the effect of one of
shows that high-power microwaves are emitted for an addi;

ional 200 | h he b Fi 5 the major mechanisms of microwave-pulse shortening. Other
tiona ns fonger t an t € base vacuum. igufie ~ mechanisms are described elsewhere including e-beam volt-
shows the plasma optical emission from the H-alpha line

_ ) age fluctuation'¥ and mode competition.
Radio-frequency plasma cleaning apparently delays the opti-

cal emission from this plasma line radiation, indicating a  The authors gratefully acknowledge the support of the
reduction in the initial abundance of water available as aAir Force Office of Scientific Research and its High Energy
source of H plasma. Microwave MURI, administered through Texas Tech Uni-
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