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For an increasing of the efficiency of relativistic magnetrons it is very important to prevent the axial drift of elec-
trons away from an interaction region and the generation of a parasitic e-beam at the end of a cathode, which does
not take part in energy exchange between electrons and waves at all. A special driver for double-sided powering of
relativistic magnetrons and several methods of localised electron flow forming in the interaction region of relativist-
ic magnetrons are proposed and discussed. Two experimental installations are presented and discussed. One of them
is designed for laboratory research and demonstration experiments at rather low voltage. Another one is a prototype
of a full-scale installation for an experimental research at relativistic levels of voltages on the microwave generation
in the new integrated system consisting of a relativistic magnetron and symmetrical induction driver.
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1. INTRODUCTION

The high efficiency of "ordinary" classic magnetrons
has been achieved as a result of intense experimental
and theoretical investigations [1,2]. Relativistic magnet-
rons, in spite of a 20-year history of development, are in
an "initial" stage. The main purpose of experimental in-
vestigations was the demonstration of achievement of
extremely high RF-power [3,4]. Most results were ob-
tained using high-current accelerators in existence as
drivers, but not specialised drivers.

Actually RM generators were adapted for use with
those drivers and looked like an additional part to alien
drivers. However, achieved levels of pulsed power ex-
ceeding several GW are attractive, though the efficiency
of RM is low as compared with low voltage classic
magnetrons.

It appears that one way of increasing the efficiency
of RM is symmetric powering of RM that suppresses
parasitic beam current in the longitudinal direction, i.e.,
the construction of a specialised driver for this purpose.

2. BEAM FORMATION

The main idea of symmetric powering is rather clear
and will not be discussed here. Investigations of beam dy-
namics inside a simple model of a smooth-bore RM were
carried out with 2.5-D electromagnetic PIC-code KARAT
[5]. Calculations were carried out for 2-D r-z-geometry un-
der condition of azimuthal symmetry of considered mod-
els. Usual scheme of an electron beam formation in a mag-
netically insulated diode is illustrated in Fig.1.

It is suggested that the diode is powered from the
left side. Emitted electrons form a dense cloud inside
the gap. Self-electric field of the cloud push out elec-
trons to forward and backward longitudinal directions.
Backward flow of electrons is reflected by an electro-
static mirror, which is formed by increased radius of the
cathode stem. A beam reaching an anode is formed un-
der the action of longitudinal electric field at the upper
end of the cathode and azimuthal magnetic field B of a
current flowing along the stem.
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Fig.1: Formation of a beam in a magnetically insulated
diode

The direction of a drift velocity of electrons (v, [
v:Bg) coincides with the direction of Pointing's vector.
The presence of longitudinal electric field of opposite
direction counteracts drift motion in forward directions
and can lead to formation of backward electron flow
even for one-sided powering. The situations where ac-
celerating fields exist at both edges of a cathode are
shown ip Fig.2.
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Fig.2: Configurations of electron flows for double sided
(below) and one-sided powering (above)
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In this figure configurations of electron flows inside a
coaxial diode with an insertion (cathode) are presented
under conditions of symmetric and non-symmetric
powering. In the latter case a TEM-wave is launched
through the left side of the diode. The diode is embed-
ded in a longitudinal magnetic field of 8 kGs. A maxim-
um voltage of 500 kV and maximum emission current
of 10 kA were taken in the calculations.
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Fig.3: Configurations of electron flows for double-sided

powering with magnetic bumps (above) and electrostat-
ic bumps (below)

Fig.3 illustrates two possible methods of localising
electron flow within the interaction region: use of sym-
metric magnetic bumps or electrostatic mirrors on both
sides of the diode, under condition of symmetric power-
ing. In the latter case the electrostatic mirrors are
formed by curved coaxial electrodes embedded in a lon-
gitudinal magnetic field.
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Fig.4: Phase maps (ps r) of electron flows for double-
sided powering with magnetic bumps (above) and elec-
trostatic bumps (below)

Variation of magnetic field distribution and/or shape
of electrodes permit to form a desirable geometry of
electron flow. Comparison of characteristics of flows in-
side diodes with magnetic and electrostatic bumps
shows that the scheme with electrostatic bumps is
preferable for RM (see Fig.4).

3. INDUCTION DRIVER

From our point of view a symmetric induction driver
corresponds to a certain extent the idea of two-sided
powering of RM. Fig.5 shows the scheme of such a
driver integrated with a magnetron. The driver consists
of two identical sections of LIA (areas 1 and 2 in Fig.5)
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Fig.5: Schematic of a driver
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placed symmetrically relative to the magnetron (area 3)
and connected with a magnetron by a common central
electrode - the voltage adder. Both ends of the central
electrode join to flanges, which are at ground potential.
The central part of the electrode performs as the RM
cathode. This inner electrode adds the voltages from the
inductively insulated cavities (inductors) and delivers
the power to a high voltage anode-cathode gap of a
magnetron. Inside the each of two LIA sections the
voltage is increased stepwise from zero level at the
grounded end of the electrode up to the maximum level
equal to the sum of the voltages from the all cavities of
the LIA section. The full voltage appears only across the
coaxial structure at the magnetron region. For identical
left and right LIA sections powered from one common
pulse generator, the total output voltage of the left and
right sections are the same. The power flow is also sym-
metric. A coaxial magnetron schematically shown in
Fig.5 consists of a central cylindrical cathode, multivane
resonant anode structure and insulating magnetic field
coils.

RF-power is led out through slots in resonators of
the magnetron to radial waveguides followed by short
matching sections — transformers of impedance. This
scheme has been successfully used in experiments with
pulsed high power RM [3.,4].

Merits of the driver are the merits of LIA with a
voltage adder. Such schemes are broadly used in mod-
ern high-current accelerators (HERMES-III, COBRA
etc.). The inductive driver provides the high efficiency
of the energy transmission from the pulsed power gener-
ator to the load and does not contain the high voltage in-
sulator designed for full operating voltage. It is possible
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to use a relatively low voltage per cavity and con-
sequently low voltage pulsed generators with low
voltage transmission lines between the generator and the
cavities. Furthermore, the symmetrical inductive driver
generates symmetric power flow in the magnetron re-
gion provided by powering of all inductive cavities from
one common pulsed power generator or in pairs - one
cavity of the left side LIA section and second one of the
right side section connected to the one of the set of sev-
eral pulsed power generators. Some of the cavities of
the LIA sections and some of the generators may be
used for the rough and the fine correction of the shape
and the amplitude of the resulting high voltage pulse
across a magnetron.

Symmetric induction driver consists of double the
number of inductive cavities compared with current in-
ductive drivers for the same output voltage. The larger
number of cavities leads to a larger driver, which needs
a more powerful pulsed power generator or generators
to compensate the energy lost in the second set of the
cavities. But all these disadvantages may be negligible
compared with the advantages of the higher efficiency
of a symmetric RM.

4. CONCLUSIONS

To realise the idea of two-sided powering of RM
we have developed two experimental installations. One
of them is designed for laboratory research and demon-
stration experiments at rather low voltage. Another one

is a prototype of a full-scale installation for an experi-
mental research at relativistic levels of voltages on the
microwave generation in the new integrated system con-
sisting of a relativistic magnetron and symmetrical in-
duction driver.

The choice is based on our wishes to construct a fa-
cility consisting of several modules with flexible trans-
mission lines between a pulsed generator and the induc-
tion cavities made from standard low-voltage coaxial
cables. The number of the cavities, type and parameters
of the pulsed power generator may be easily changed
depending on the current experimental programme.
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OOPMUPOBAHUE JIOKAJIN30BAHHOI'O 3JIEKTPOHHOTI'O ITIOTOKA B OBJIACTHA
B3AUMOJIEMCTBHUS PEJIITUBUCTCKOI'O MATHETPOHA

A.B. Azacgponos, A.H. Jlebeoes, E.I'. Kpacmenes

O6cyskmaroTest MOAX0AbI K (POPMHUPOBAHHUIO JIOKATU30BAHHOTO JIEKTPOHHOTO TTOTOKA B OOJACTH B3aWMOJEH-

CTBHSI PEJIITUBHCTCKOTO MarHeTpOHA C IENbI0 yBEIMUYECHUS ero 3¢ ¢GeKTHBHOCTH. [y MpenoTBpalleHns: BhIHOCA
3JIEKTPOHHOTO TIOTOKa M3 00JIACTU B3aMMOJAECIHCTBUS TpeUIaracTcsi MCIOIb30BaTh IPEUIOKCHHYIO PAHEE CXEMy
CUMMETPUYHOTO IUTAHMS M Pa3IMYHBIE METOIBI JOKAIN3AINN JIEKTPOHHOTO ITOTOKA B 00JIaCTH B3aUMOJCHCTBYSL.
IIpuBeneHo onucaHue AByX yCTaHOBOK, OJHA U3 KOTOPBIX PACCUMTaHA HAa MPOBEACHUE NEMOHCTPALMOHHBIX UCCIIE-
JIOBAaHMH Ha HEBBICOKOM YpPOBHE HAIPsDKEHHMS, BTOpas — IPEJICTaBIsIeT cOOOH MPOTOTHII IOJIHOMAcIITabHON ycTa-
HOBKU JJs1 MPOBEAEHUs HcciaenoBaHuil mo reHepainuu CBY-u3myueHus HOpH pEIsTUBUCTCKUX HANpsDKEHUSIX B
[IpeaIaraéMoil MHTErpUPOBAHHOM CUCTEME.
Paborta BbImosiHeHa nipu noaiepkke rpanta POOU 03-02-17300.

®OPMYBAHHS JIOKAJI30BAHOT'O EJJEKTPOHHOTI'O ITIOTOKY B OBJIACTI B3AEMO/III
PEJATUBICTCBKOI'O MATHETPOHA

A.B. Azaghonos, A.H. Jlebeocs, E.I'. Kpacmenes

OOroBOpIOIOTECSA MAX0AW 10 (HOPMYBaHHS JIOKANI30BAHOTO EJIEKTPOHHOIO TOTOKY B 0ONacTi B3aeMomii
PENSTHBICTCHKOTO MarHETPOHa 3 METOI0 30UIbIIeHHs Horo edekTuBHOCTI. {5t 3a100iraHHsl BUHOCY €JIEKTPOHHOTO
MOTOKY 3 00nacTi B3aeMOii NPONOHYETHCS BUKOPHCTOBYBAaTH 3allpOIIOHOBAHY paHIIlEe CXEeMy CHUMETPUYHOTO
JKMBJICHHSI 1 PI3HI METOAM JIOKadi3alii eJeKTPOHHOro IOTOKY B oOiacti B3aemonii. [IpuBeseHo ommc IBOX
YCTaHOBOK, OJIHA 3 SIKHX pO3paxOBaHa HA MPOBEICHHS IESMOHCTPAIIMHUX OCTIIKCHh Ha HEBHCOKOMY PiBHI
HaIpyTH, IpyTa — ABJsie COOOI0 MPOTOTUN IIOBHOMACIITAOHOT YCTAHOBKY IS POBEACHHS AOCIIKEHB 110 TeHeparlii
CBY-m3ITydeHHsI [IPH PEILTHBICTCHKUX HANPyTax y NPOIOHOBaHil iHTErpoBaHill cuCTEeMi.

Pobota BukoHaHa 3a miaTpuMKoro rpanta POOU 03-02-17300.
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