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A problem of importance for high-voltage (relativistic) magnetrons operating at millimeter
wavelengths is how to achieve an optimal regime of microwave power extraction from the
space of electron beam—RF field interaction. In contrast to decimeter or even centimeter
wavelength magnetrons (characterized by larger sizes of their anode-cathode spaces), the
millimeter wavelength power cannot be efficiently extracted in the radial direction via one or
several cavities belonging to the slow-wave structure. The reasons are the small volume of the
cavity (undersized at the operation frequency, hence demonstrating a high input resistance)
and the hazard of appearance of high-voltage breakdowns across the gap. Meanwhile, by
introducing into the structure additional elements to enable RF power extraction along the
principal symmetry axis of the magnetron, the designer faces the hazard of radically changing
its electrodynamics. This concerns the generated frequencies, modal content and polarization
of the RF fields at the output. In this paper several schemes (and practical implementation
thereof) of RF power extraction along the symmetry axis of the magnetron’s cylindrical
structure are discussed, including a circular ring ‘antenna’ at the end of the dual-connectivity
anode-cathode space, and sets of (admittedly) resonance-length rods at the faces of the anode-
block cavities. These solutions have allowed increasing the power extraction efficiency by 10 to
20 per cent.The general view of the breadboard magnetron used in the study of microwave
power extraction is given in Fig.1. Versions of the electrodynamic structure (EDS) with 30. 40
and 48 resonant cavities were investigated, and the most complete results obtained for the 48-
cavity structure (RM-48). Experiments with the RM-48 magnetron revealed microwave
generation at 36 to 41 GHz with magnetic induction magnitudes By=0.35 - 0.8 T and anode
voltages Up=190 to 250 kV. The oscillations excited could be identified as belonging to the n/2;
m, or (2/3)m modes, realized as a TE set (field components E, , E, and H;). These operation
regimes of the magnetron seemed to be in agreement with Hull’s cut-off condition, as well as
with that of resonant excitation of its EDS by a Brillouin electron flow drifting in crossed E- and
H-fields. Yet, the net outcome of experiments with the simple outputting structure as just
described (with or without a horn) shall be characterized as unsatisfactory. Indeed, the RF
power at the output never exceeded 100 kW, while the e-beam power at the entrance to the
EDS was about 400 MW, meaning an efficiency below 0.1 per cent. That was in a drastic contrast
with the results of experimentation with centimeter wavelength magnetrons which
demonstrated efficiencies about 10 per cent [e.g., M.I. Fuks, E. Schamiloglu. A 70% efficient
relativistic magnetron with axial extraction of radiation through a horn antenna. IEEE Trans
Plasma Sci, 2010, vol.38, No 6, p.1302 -1312].
To organize an efficient extraction of microwaves along the magnetron’s axis of
symmetry z, field components from the TM set (H,, H, and E; ) are also required,
such that Poynting vector’s axial component could be different from zero,

P,=E, H,—E, H, % 0.
One feasible way for solving the task is to provide additional structural elements

to direct the microwave radiation into the end guide and further on.



Fig. 1. Schematic of RM-48. 1. Return current collector. 2. Anode. 3. Cathode holder. 4. Cathode.
5. Output horn (optional). 6. Solenoid. 7. Rogowski coil. 8. Shunts of anode and collector

currents. 9. Capacitor divider
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Fig.2. Characteristics of microwave radiation from model magnetrons, as obtained in numerical
experiments for several power extracting elements (anode voltage Up=220 kV, magnetic field
Ho=5.7 kOe, e-beam current 1=0.7 kA).

The results of numerical experiments were evaluated taking into account, before all, the
depth of high frequency ‘modulation” of the pulsed driving waveform (data from a voltage
monitor in the anode-cathode gap), process of spoke formation in the SWS, intensity and



spectral width of the output signal and amount of microwave power at the exit from the
oversized waveguide.

Also, the microwave radiation from the RM-48 was investigated experimentally for EDS
versions involving different combinations of antenna rods. Like in the numerical experiments,
the rod lengths were varied in steps of A/4. An additional wire ring element, connected to two
adjacent rods, played the part of an efficient loop antenna (see the last line in the Table of
Fig.2).
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BaxknnBolo 3agayero AocnigxeHb i po3pobKM BUCOKOBOJIBTHUX (PeNATUBICTCbKMX) MarHeTpoHiB, WO

NPaLoTb B MiiIMETPOBOMY Aiana3oHi A0BXMWH XBWAb, € ONTMMI3aLia PiBHA BUXOLY MiIKPOXBWIEBOI
eHeprii 3 obnacTi B3aeEMofii BMCOKOYACTOTHOrO MOAA 3 e/IeKTPOHHMM My4ykom. B npunagax
MifliMeTpPOBOro AjanasoHy BMBEAEHHA BMCOKOYACTOTHOrO NO/A B pafia/lbHOMy HanpAMKY, Yyepes OAWH
abo AekinbKa pe3oHaToOpiB CUCTEMM YMOBI/IbHEHHSA, BAAETHCA BE/bMWU NPOBAEMATUYHUM -- Ha BiAMiHY
BiZ 4ELUMMETPOBOrO YN CAaHTUMETPOBOrO Aiana3oHiB. Pi3MYHMX NPUUYUH TOMY LEKiNIbKa: 3aManii Po3mip
PEe30HATOPHOI MOPOXKHMHU, LWLO € 3aKPUTUYHUM ANA XBU/b Ha pobouili YacToTi, Wwo manm 6 pyxatuca B
pafiafibHOMYy HaNpPAMKY, @ TAaKOX PU3NK BUHUKHEHHS BUCOKOBO/IbTHOFO Npoboto B 06’eMi NOPOXKHMHU. 3
iHWOro 60Ky, BBOAAYM B KOHCTPYKL,itO NpUAasy A0AATKOBI eN1eMEHTH - 3 MeTO 3abe3nevnTi BUBEAEHHSA
MIKPOXBMAb B340BX OCHOBHOI OCi CMMETPii MarHeTpoHY,- AOCNIAHMK CTUKAETbCA 3 iCTOTHOK 3MiHOLO
MNOro eneKkTpogMHaMIYHMX XapaKTEPUCTUK. Lle cTocyeTbcA AK YacToT reHepaul,ii, Tak i MOA0BOro ckaaay i
noasapusauii Nofa MiKPoXBW/ib Ha BUXOAi 3 MArHeTPOHY, OCKIZIbKM BUXIAHWI XBWUEBIA CTA€ YAaCTUHOO
ob’emy, pe BioOyBa€eTb-CA BfacHe reHepauia 1 nofanblle BMBEAEHHA XBUAb. B paHin pobori
po3rnagatoTbCsa AeKiNbKa cxem (Ta iX NpakTMYHa peanisauif) WoA0 BUBEAEHHA MiIKPOXBWUIEBOI eHeprii
B340BX OCI cCMMeTpii UMAIHAPWUYHOTO MArHeTpoHa, a came MNiAKAIYEeHHA Ha BUXigHOMY nepepisi
OBO3B’A3HOIO0 aHOA-KAaTOAHOrO MPOMIXKKY KifbLEBOI «aHTEHW» - MEeTAi i3 cTpymom, abo 3aKpinneHHs
MeTaneBux WTUPIB (rafaHO PE30HAHCHOI AOBXWHW) No6AM3Yy PEe30HATOPHUX MOPONKHUH CUCTEMM
ynoBifibHEeHHA. Ha NpaKTuLi TaKi TexHi4YHi pileHHA 03BOAMAU MiIOHAMU egheKmueHicmb eueedeHHsA
HadsucokoYacmomHux xeusne Ha 10...20 eidcomkis.



