RELATIVISTIC MAGNETRON OF 8§ mm WAVEBAND
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The first experimental study of relativistic magnetron of 8§ mm wavelength with diffraction microwave output
has been produced. Data that compare experiment and simulation are considered.
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1. INTRODUCTION

To promote into the area of higher frequencies a de-
sign of relativistic magnetron (RM) should meet two in-
consistent requirements. The first is concerned to reduc-
tion of interaction space of an electron cloud and elec-
trodynamic structure (EDS) according to scaling, dcs =
1/2(ds-dc)~A [1]. The second is caused by type of emis-
sion which is explosive for relativistic high-current elec-
tron devices. Last requirement rigidly regulates the in-
crease of dcy till the size at which the electrode plasma
expansion across the focusing magnetic field does not
impact the dynamics of parameters of diode system and
excitation conditions of EDS. For RM operating with
the pulse width of up to several hundreds of nanosec-
onds dc4 should exceed 6...8 mm.

A diameter of the cathode also is the parameter cor-
responded to another pair of inconsistent conditions. It
is known, that the condition of magnetron excitation
(Buneman-Hartree) is defined by synchronism of drift
movement of an electron cloud in crossed electric and
magnetic fields, and slow electromagnetic wave of cho-
sen oscillation mode: vpr = E¢/By = veu. Thus, lower ac-
celerations can be realized only at smaller electric
fields. However the electric field intensity in a coaxial
system that is great enough in RM, increases quickly
with reduction in the cathode diameter. To compensate
the drift speed increase, it is possible to increase the
magnetic field intensity (that is not always possible) or
increase the cathode diameter that leads usually to dc 2
1 cm.

Apparently, there are very rigid restrictions on re-
duction of dimensions of the cathode and EDS of RM
which are the basic distinctive feature of these devices
in comparison with their non-relativistic analogues. It is
necessary to notice that for RM of a cm wave range
these differences are not dramatic that allows to demon-
strate the highest impulse power up to tens of gigawatt.
Thus, typical RM with EDS cross-section of tens of
square centimeters has small number of resonators
(N = 6-8) that reduces the start currents and noises, and
provides generation at one frequency.

A choice of excitation conditions and oscillation
mode of EDS becomes a key problem at transition into
mm wave lengths. Since the restrictions on the cathode
and EDS dimensions remain the same as for RM of cm
wavelength, a number of resonators N = zmdy/A can
achieve of several tens. In this case, there is a danger for
strong mode competition, absence of pure oscillation

spectrum and stable generation. Apparently, during the
years, the listed circumstances prevented creation and
study of RM of mm wave length. The present work ad-
dresses to creation and, as authors are considered, to the
first experimental study of such a device.

2. EXPERIMENTAL SETUP

Studied RM has rather traditional design except for a
MW energy output (Fig.1).
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Fig.1. Schematics of 8 mm RM. 1. Return current col-
lector. 2. Anode. 3. Cathode holder. 4. Cathode. 5. Out-
put horn. 6. Solenoid. 7. Rogowski coil. 8. Shunts of an-

ode and collector currents. 9. Capacitor divider

The slow-wave system of the magnetron is presented
by 40 identical resonators of a slot type located on pe-
riphery of the ring anode (d,=28 mm, L=12 mm). The
cathode (d=12 mm) is a continuation of the cylindrical
leg connected to the vacuum output of HV forming line.
The cathode and anode of RM are located in the middle
of a long cylindrical overdimensional waveguide
(d=80 mm, L=600 mm). The focusing magnetic field in-
duction is of 1...6 kG. To avoid breakdowns at the MW
energy output a diffraction channel with the overdimen-
sional waveguide and milar window at the end face of
the waveguide is used. At the side of the output window
the EDS is connected to the horn antenna, and at the op-
posite side the ring tuning plunge is adjusted.

The magnetron was powers by a negative voltage
pulse U~=160kV, =3.5...4 kA, ©#=40...45ns (Fig.2)
submitted to the cathode.

The goal of preliminary experimental study was in-
vestigation of operational regimes of RM and depen-
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dence of the 8 mm signal intensity on the focusing mag-

netic field variation, Fig.3.
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Fig.2. Plots of magnetron signals. 1. Diode net current.

2. Voltage. 4. 8 mm detector. 10 ns/div
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Fig.3. Dependence of intensity of 8§ mm signal on focus-
ing magnetic field inductance (Uy = 160 kV)

Simultaneously, registration of microwave signal
corresponded to cm wavelength was provided. Qualita-
tive data corresponded to the wavelengths of 8 mm,
3 cm, and 10 cm were obtained with the help of crystal
detectors. Quantitative characteristics of 8 mm signal
were obtained with the help of 6D13D vacuum diode.

3. EXPERIMENTAL DATA ANALYSIS

The first tests of the magnetron had shown that MW
generation conditions were not fulfilled during a whole
current pulse (see Fig.2). It is possible to assume that
this is caused by dense plasma formation around small-
size resonators of the EDS structure that disrupted the
generation process.

More detailed study of designed RM system (see
Fig.1) that consists of the overdimensional waveguide
and RM EDS gave evidences of the presence of two
types of radiation related to the magnetron and cy-
clotron radiation mechanisms. Radiation of 8 mm wave-
band was registered only in the case of the presence of
the resonator system. Removal of the RM EDS created
conditions for realization only of the last mechanism.

4. RESULTS OF EXPERIMENT
AND SIMULATION

To differentiate the radiation mechanisms the fre-
quencies of the exited electromagnetic waves corre-
sponded to Hon modes were estimated only for the
overdimensional coaxial waveguide. These data can be
added by the results of 3D PIC simulation of the same
system excited at the electron cyclotron frequency and
its harmonics. These data show that in the area of opera-
tional By=2...3.5 kG excitation of the overdimensional
coaxial waveguide realized due to the cyclotron mecha-

nism is possible in the range nw.. = 6...13 GHz (Fig.4).
This corresponds to the harmonic number #n < 2-3. It is
interesting to note that MW radiation which could meet
for higher n was not observed experimentally.
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Fig.4. Frequency spectrums of E, (a) and Eq (b) compo-

nents of Hov modes excited in overdimensional coaxial

waveguide, d=12 mm, D=80 mm by means of electron
cyclotron oscillations. Results are produced with the use
of 3D simulation model based on CST Particle Studio [2]

A question of the excited oscillation modes still re-
mains without full enough experimental acknowledge-
ment. Nevertheless, a range of the magnetic field values
related to RM generation (see Fig.3) is in good corre-
spondence with estimated operational parameters which
meet for the conditions of excitation of 7/2 oscillation
mode at A = 8.4 mm.

Preliminary answer can be obtained at simulation of
electron trajectories and dynamics of electromagnetic
fields in RM using 3D electromagnetic PIC code [2].
The particle trajectories for the case U, = 100kV,
By=2...3.5kG testify that the dense electron cloud
takes part in drift movement near the slow-wave struc-
ture, and bidirectional axial electron flow creates intense
losses of beam current. The electric field distribution of
the slow wave traveling around the EDS testifies to for-
mation of competing 7/2 and #/3 modes that has not
complete correspondence to chosen conditions of exci-
tation of #/2 modes in the real system for U, = 160 kV
and By=2...3.5 kG.

The electron beam current distribution in studied
system plays important role in the magnetron operation.
Measurements of currents were carried out by a number
of probes, Fig.1. The net, anode and axial currents were
registered, accordingly, by the Rogowski coil 7, and
shunts established on periphery of the anode and collec-
tor flanges 8. Their values usually are of 3.5...4 kA,
50...100 A, and 600...1000 A, accordingly, that testi-
fies of significant beam current losses before the anode
block. Thus, one and the most significant loss channels
is geared to an axial return beam current which is inter-
cepted from one side by the return current collector /.
The current losses of minor intensity (by a factor of
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~4 obtained experimentally) correspond to an axial The MW power efficiency of RM can be estimated
leakage of beam electrons as it is shown in Fig.5. as a relation between measured MW power Pyw, and
beam impulse power obtained from experimental data
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' of the anode current, Pz = Uuls. For typical regimes
J\x LRt I,=75A, and P = 12 MW, that gives the MW power
7e30n efficiency of RM of ~0.4%.
P o CONCLUSIONS
- L7574
// ¢ b Preliminary study of first experimental variant of
15858 RM demonstrated MW emission in 8§ mm wave range.
4 0.12 Experimental data coincides with estimated ones for the
EDS focusing magnetic field and electron energies that corre-

o spond to the conditions of #/2 mode excitation at
Drifting Electron Flow 7' — 8 4 mm and also in part to the results of 3D simula-

:\ Axial E- tion.
Output Waveguide Measurement of the impulse power of MW emission

at 8§ mm wavelength gives the efficiency of RM on pow-
Fig.5. Electron trajectories in electrodynamic structure  er of ~0.4%. Further investigations of RM will be fo-

of RM and overdimensional output waveguide cused on improving the radiation efficiency by means of
Measurements of intensity of the output radiation in eliminating the beam current losses in vacuum chamber.
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RM in preliminary experiments did not exceed

Cmamos nocmynuna 6 pedaxyuio 30.05.2008 2.
Pyw=48...52 kW.

PEJIITUBUCTCKAN MATHETPOH 8 mm JIMAITA3OHA
H.U. Mazoa, H.II. I'aoeykuii, E.H. Kpasuosa, B./]. Haymenxo, C.C. Ilywmkapes, C.H. Tepexun, A.C. Tuwenxo

IIpoBeneHb! MepBbIe SKCICPUMEHTAIBHBIC UCCICIOBAHMS PEISATHBUCTCKOTO 8 MM MarHeTpOHa C TU(PPAKIIUOH-
HBIM BBIBOJIOM MHUKPOBOJIHOBOTO curHaia. [I[puBoIMTCS CpaBHEHHE NAHHBIX HKCIEPUMEHTa W YUCIEHHOW MOJEIH.
[IpenBapurensHbie uccaenoBanns PM moka3any Hamudre TeHepaliy B Iuana3one 8§ MM. DKCIIepIMEHTaIbHBIC TaH-
HBIE COBITAJAIOT C PACUCTHBIMH 3HAYCHUSAMH JJIs1 POKYCHPYIOMIETO MATHUTHOTO TIOJISL M YHEPTUH 3JIEKTPOHOB, COOT-
BETCTBYIOIINIMHA YCJIOBUIO BO30OYKICHUS KoJeOaHMA 77/2-BUIa MPH JUIMHE BOJNHHEI 8.4 MM, a TakKe C pe3yibTaTaMu
yucieHHoro 3D-monenupoBanust. M3MepeHre MOIHOCTH 8 MM M3iydeHus no3Bojawio oueHuTs KIIJI PM oxkoino
0.4%.

PEJSATUBICTCbKU MATHETPOH 8 mm JIIAIIA3OHY
LI Mazoa, M.II. I'adeuvkuii, O.1. Kpasyoea, B./]. Haymenxko, C.C. Ilyuxapvos, C.M. Tepvoxin, A.C. Timjenko

IIpoBeneHo mepmni eKCIIEPUMEHTANbHI JOCTIIKEHHS PEIATHBICTCHKOTO § MM MAarHeTpoHY 3 AupakIiiftHuM
BUBOJIOM MIKPOXBHJILOBOTO CHT'HAIy. 3alpOBa/KEHO MOPIBHSHHS JAaHUX EKCHEPHMEHTY Ta YHCEIIbHOI MOJEIi.
[omnepenni nocniyxenHst PM Bkazanu icHyBaHHS reHepaii y niamazoni 8 MM. EkcriepuMeHTabHi gaHi 30iraroTeest
3 pPO3PaxyHKOBHMHU 3HAYCHHSIMH ISl (POKYCYIOYOro MArHiTHOTO IMOJIS Ta CHEPTii €IeKTPOHIB, BIAMOBIAHO yMOBaM
30yXKCHHSI KOJIMBaHb 7/2-BUy MPHU TOBXKUHI XBWI 8,4 MM, a TAaKOXK 3 Pe3yJIbTaTAMU YUCEIILHOTO MOJICITFOBAHHS.
3MIHEHHS TOTYKHOCTI 8 MM BUIIPOMIiHIOBaHHA 103BOIHIM 3poduTh ouinky KK/ PM 6ins 0,4%.
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