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A new configuration of an axially-extracted vircabor with thres resonant cavities iz pui forward and optimized by
aimitlation with the PIC code. The outpat prsver of over [ G i obrainad at around 400 GGHz in the sxperinent,
in agresment well with the PIC ainmiation resulis. The heann to wave power conversion efficiency Is neore than
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Virtual cathode oscillators (VOOk], usually taken
&5 high-power microwave sources, have been studied
for nearly four decades. They are one kind of the most
promising hizh-power microwave sources because of
their conceptual simplicity, high-output power capa-
hility, and operation frequency tunability ' =% Towe-
ever, it has & severe drawback of low efficiency. At
present, it has been realized that microwsve efficiency
of VO depends strongly on the mtensity of elee-
tromagnetic field arond the virtual cathode # =71 g0
atudies on vircators have been concentrated on the
structure improvement to acquire enough electromag-
netic feld modulation for virtual cathodes.

In this Letter, we propose a novel confisuration of
Vs, in which three resonant cavities are used. We
test this new VO confiuration on the water aceel-
erator named spark(M in our laboratory. Under the
diode voltage of G30kV, the diode current of 24 kA,
high power microwave with output power 1GW at
frequency 4.1 GIz is obtained in the experiment.

Fig. 1.

Schemntle structure of the sowvel vircotor: (1)
cathode, (2] wavegulde, (3] anode mesh, [4) the first an-
nulus, () the second annuelus, (6] the third annalus, (7)
ot put waveglde.

Figure 1 shows the novel confimuration. In this
structure, the first cavity, formed by the first annn-
lus and the foil, can effectively enhance the beam-
mictowave power conversion efficiency. The second
cavity, consisting of the first anmulus and the second

anmuhes, can obviously improve the extraction eff-
ciency of microwsve power. The thind cavity com-
posed of the second anouhis and the third annulus can
effectively reduce the reflection of the microwave from
the output wavemmide port. It should be noticed thas
there & a non-continumes region, namely, the waver-
uide diameter at the upstream of the second annules
is smaller than that at its downstream. In addition,
the anmulus inner dismeters are tapered along the mi-
crowave propagation direction, which is beneficial to
the power extraction along the axial direction.
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Flg. 2. Hesonance polnis.

Fig. 4. Electrie ficld distribution at frequency 4.04 GHa.

The width of the first cavity between the mesh
and the first annulus = 34, /A, is the wavelength
of the wavegnide), the second is A, /4, and the last is
also about A, /4. Using the electromagnetic comput-

ing program, we can obtain the three cavities resonant

frequencies where d(k?) = 0 and d(k?)/df = 1.
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From Fig. 2, we koow thet the necomant froqeeneies
are 40 OHz and 406G H2 The fleld distribotiee of
4.04 CHz [Fig. ) shows thot the meerowave mode s
TMpy . which iz bxwdficial o the heam-mermw s en-
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Flg. 5. Kllerosavs pywsT verme oo -t hede pg.

Throngh PIC eode KARAT, the novel configura-
thon wirentor b designed and optimized. The dicde di-
mmeter e 50 man. and the cathode diameter s G4 mm.

MThe cmade amdbades e je abcmd 10 cce Mk

4 shows the simnbution resubis of the novel ndally-
roiraeted vircetor with three esonant mvitles under
the dipde woltage of TINEY. This new conflgurn oo
ramn effertively bmprove the performanoe: of the virmior
ond grnerated miownes: power moee than 1280 GW
of A8 GHL The maximum power efficiency & 1005
Otherwize, onder the same dicde eondirkons, the vie-
cator with one fendback anmus® coan omnly generabe
the pevwerr of T MW, and the movimum power ofi-
ey Is andy 4705
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By changing the anode cathode sap from 16 mm
to l3mm, the microwave power is also changed
(Fig. 5), while the frecuency is stabilized by the three
resonant cavities. When the gap is less than 13 mm,
other frequencies appear amd the power decreases
quickly (Fig. f). The virtual cathode loses resonance
with the cavity.
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Flg. 9. Typleal experimental mierowave waveforms.
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Filg.10. Heterodyne waveform with the referemee fre-
queency 4.3 GHa.

Using the optimized structure parameters ob-
tained from simulations, we constrocted the novel vir-
cator and carried out the experiment. The device
was drven by a compact electron beam aocelerntor-
Sparkid based on a Blumlein pulse forming line and a
high pulse voltage transformer. The stainless steel pin

cathode was nsed in the experiment (Fig. 7). The ont-
put microwsve power was recelved using a calibrated
wavegnide-coax convertor BJ-48 by means of interra-
tion over the radiation pattern® Figure & shows the
comparison between the experimental and theoretical
radiation patterns. (Mwiously, the experimental ra-
diation pattern is in agreement with the theoretical
radiation pattern, which indicates that the dominant
microwave 18 of the Thy mode. Figure 9 shows the
typical experimental microwsve waveforms. Figure 10
shows the heterodyne frequency waveform with the
upper reference frequency of 4.3 GHz and its spectrum
by the FFT transformation. Uhnder the diode voltage
of BI0kV and the diode current of 24kA, the peak
microwave output of over 1 GW is obtained at around
4.1 GH=z, which is in agreement with the simulation
resnults well. The peak power efficiency & abont 665

In eomclusion, we have proposed a new confipura-
tion of an axially-extracted wvircator with three res-
onant cavities and it is optimized by PIC simula-
tion. Particle simmlation shows that the novel stroe-
ture can achieve much better perfformance. The peak
microwave power of over 1GW is obtained at around
4.1 GHz with the dominant mode TA,, in experi-
ments, which corresponds to the peak power efficiency
of about 6.6%. The simulation results are demon-
strated by experiments.
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