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Particle simulations of mm-wavelength magnetrons with cold secondary-emission cathodes show that such im-
portant practical characteristics as the output power, efficiency, and operation current are dependent on secondary-
emission properties of the cold cathode used in such magnetrons. However, in some cases, the enhancement of the
magnetron characteristics can be achieved with a relatively low secondary-emission yield of the cold cathode. This
opens a way for using of pure inexpensive metals for the cathode production. The interplay between the secondary-
emission yield and the magnetron performance is studied to realize this approach.

PACS: 84.40.Fe

1. INTRODUCTION

Magnetrons with cold secondary-emission cathodes
were proposed as an alternative to conventional mag-
netrons in order to improve the lifetime of the devices,
which is limited by the lifetime of thermionic cathodes.
A cold, metal cathode is used as the main one, with-
standing the powerful electron back-bombardment in-
herent in magnetron generators, while a small thermion-
ic cathode, placed outside of the interaction space, pro-
vides an initial amount of electrons, which is then multi-
plied during the secondary electron emission on the cold
cathode.

The first attempts to produce such magnetrons were
not successful [1], however, on higher frequencies of
generation, in the millimeter wavelength band, the sec-
ondary emission on pure metals gave enough current to
support the oscillations [2].

In order to reach higher values of the secondary
emission coefficient, platinum was chosen as the main
material for the cold cathode. As long as the production
of the cathode of solid platinum would be too expen-
sive, the cathode is really made of a copper core plated
with platinum foil, which makes the manufacturing pro-
cess more complex.

Therefore, there is a practical need for new mag-
netron designs, utilizing cheaper cold cathodes with a
simpler manufacturing procedure. In this work, possibil-
ities of the development of such cathodes is theoretical-
ly studied for the case of a standard design of 8-mm
wavelength magnetron produced at the Institute of Ra-
dio Astronomy of NAS of Ukraine [2].

2. THEORETICAL BACKGROUND

The study of the influence of secondary-emission
characteristics of cold cathode has been performed with
the use of the self-consistent model of spatial harmonic
magnetrons proposed in [3]. This model is based on 2-D
particle simulation, i.e. electrons within the interaction
space are represented with macroparticles, each of them
corresponds to a large number electrons moving along
close trajectories. In this work, the space-charge field
was calculated on a mesh of 256 cells along the azimuth
coordinate and 48 cells along the radial coordinate. The
number of particles was about 30 000, and the time-step
for solving the equations of motions was 0.0965 ps.

Within this model, the secondary electron emission
from the cold cathode is taken into account in the fol-
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lowing way. If, after obtaining new values of the parti-
cle coordinates, the radial coordinate is smaller than the
cathode radius, it is assumed that the particle has im-
pacted the cathode. Then, this particle is removed from
the further calculations, and new particles modeling the
secondary emission electrons are introduced instead.
The number of the new particles is determined by the
value of the secondary emission coefficient.

The secondary electrons can be divided in two
groups: true secondary-emission electrons driven out of
the cathode material, and primary electrons, inelastically
reflected from the cathode surface. The difference be-
tween the secondary-emission properties of different
materials usually can be described as difference in the
maximum value of the true secondary emission coeffi-
cients (3), while the difference in the inelastic reflection
coefficient (n) are rather insignificant. Therefore, in this
work, we have varied the true secondary-emission coef-
ficient, although, for the sake of convenience, the inte-
gral secondary-emission coefficient is given in the dis-
cussion of the obtained results.

The dependences of & and ) on the energy of the pri-
mary electron (W, ) were the same as those of platinum

[4,5], see Fig.1.
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Fig. 1. Dependencies of 6 and n on the energy of prima-
ry electron for platinum

In order to take into account the dependence of the
secondary-emission coefficient 6 on the impact angle a,
the following relation was used [6]:

&(Wo, 0)=8y(W4/(1+a?/m))[1+a?/(2m)],
where 0y(Wo) is dependence of the coefficient of true

secondary emission for normal incidence of primary
electrons (a=0) on the energy of these electrons.
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3. MAGNETRON DESIGN

The results presented below were obtained during
simulation of a spatial-harmonic magnetron with cold
secondary-emission cathode. It is designed for operation
on the wavelength of 8 mm, and has the following char-
acteristics: the anode radius, R, =2.25 mm, the cathode
radius, R. =1.3 mm, the anode resonators’ depth
b=3.635 mm, the resonator opening a = 12.4°, the axial
length, L = 6 mm, the number of the anode resonators
N= 16, the magnetic field, B = 0.5875 T, the thermionic
emission current, I, =0.4 A. Two degenerated cavity
modes were considered: TE;, with the natural frequency
fof36.4 GHz and TE4 with /= 38.11 GHz.

4. SIMULATION RESULTS

The magnetron described above was subjected to
simulation of its operation under following conditions.
The anode voltage was varied in the range of 12.6...
14.2 kV, which included the ranges of generation of the
noted two modes, TE;; and TE4;. The effect of Q-factor
was investigated by simulating two versions of the mag-
netron one with a high loaded Q-factor of 230, and an-
other with a lower loaded Q-factor of 90.
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Fig.2. Anode current, output power, and efficiency ver-
sus the secondary-emission yield of the cold cathode for
TE,; and TEj3; operating modes

In Fig.2 one can find plots illustrating the results of
the simulation for the low Q-factor cavity. It is seen,
that in a wide range of anode voltages, variation of the
secondary-emission yield results in increase of the out-
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put power, despite of the fact that the anode current val-
ue is not changed as much, or even remains almost con-
stant (in the case of the TE;; mode).

Another feature of the plots in Fig.2 is that either mag-
netron efficiency, or the output power plot has a steeper
slope at lower values of the secondary-emission yield.
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Fig.3. Spectra of the output signal for TE;; mode
(U,=12700 V) and for different values of the secondary-
mission coefficient O

An important improvement provided by higher val-
ues of the secondary emission yield is a lower noise fig-
ure of the device. This can be seen in Fig.3, where the
spectra of the output signal are given for different val-
ues of the secondary emission coefficient.

The complex spectrum of the output signal is caused
by an irregular structure of the electron cloud within the
magnetron interaction space. As seen in Fig.4, the high-
er is the secondary-emission coefficient, the more regu-
lar are the spokes formed during the interaction of elec-
trons with the RF- field.



As our simulations have shown, a threshold value of  copper or molybdenum
the secondary emission yield exists. If the secondary
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for different values of O-factor of TE3; mode:
a—-0=230 and b— Q=90

5. CONCLUSIONS

The performed numerical simulation of operation of
spatial-harmonic magnetrons with cold cathodes has
shown that, generally, an increase of the cold cathode’s
secondary-emission yield results in increasing of the ef-
ficiency and output power, and decreases the relative
noise level.

However, this monotonous increase of both efficien-
cy and output power is characterized by a steep grow
when the secondary-emission yield is slightly greater
than some threshold value, and can be saturated when
the secondary-emission yield essentially exceeds the
threshold value.

The threshold value of the secondary-emission yield
needed for generation of periodical oscillations depends
both on the cavity Q-factor, and on the mode of oscilla-
tions.

When the threshold value is essentially lower than
the secondary-emission coefficient of platinum, it is
possible to simplify the manufacturing by making the
cold cathode of pure inexpensive metal, like copper or

molybdenum, rather than plating it with platinum. The
resulting decrease of the efficiency and the output pow-
er can be small enough to justify lower manufacturing
costs.
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3ABUCUMOCTb XAPAKTEPUCTUK MATHETPOHA OT KO®OUIMEHTA BTOPUYHOMN IMUC-
CHUH XOJIOJHOI'O KATOJA

H.U. Aémomonos, C.B. Cocnuykuii, /.M. Baepue

UucneHHOe MOAENMPOBAHUE MArHETPOHOB MM-IUIMH BOJIH C XOJIOAHBIMU BTOPUYHO-IMHCCHUOHHBIMU KaTOJaMU
TTOKA3bIBAET, YTO TaKHE BAXKHbIEC NMPAKTHUECKUE XapaKTEPUCTHKU KaK BBIXOJHAs MOIIHOCTH, 3¢ dexTruBHOCTH, pabdo-
YUl TOK 3aBUCST OT BTOPUYHO-IMUCCHOHHBIX CBOMCTB XOJIOZHOI'O KaTO/a, UCIOJIb3YEMOI0 B TAKUX MarHETPOHAX.
OpHako, B HEKOTOPBIX CIy4asiX YCUIEHUE MarHETPOHHBIX XapaKTEPUCTUK MOXKET JOCTUTaThCsl C OTHOCUTEIBHO HU3-
KMMH K03(uImeHTaMu BTOPUIHON HIMUCCHU XOJIOAHOTO KaTo1a. DTO OTKPHIBAET ITyTh IS MCTIOIb30BAHUS YHUCTHIX
HEIOPOTHX METAIJIOB JUIsl M3rOTOBJICHUS KaTo/a. COOTHOIIEHHE MeX Ty KO (GHUIIMEHTOM BTOPUYHON SMUCCHH U Xa-
PaKTEepUCTHKAaMU MarHETPOHA MCCIENOBAHO I peaau3aluy YKa3aHHOIO IIOAX01a.

3AJIEXKHICTD XAPAKTEPUCTUK MATHETPOHY BIJI KOE®IIIEHTY BTOPUHHOI EMICII
XOJOJHOI'O KATOAY

M.1. Aesmomonos, C.B. Cocnuyvkuii, /.M. Baepis

YucenbHe MOJICIIOBAHHS MarHETPOHIB MM-JOBXHH XBHJIb 3 XOJIOJHMMH BTOPHHHO-€MICIHHMMH KaTOJaMH
MOKa3ye, IO TaKi BaXIIUBI MPAaKTHYHI XapaKTEPUCTHUKH SK BHXiIHA MOTYXHICTb, €(EKTHBHICTh, POOOUUIl CTPyM
3aleXaTh BiJ] BTOPUHHO-EMICIHHHMX BIACTHBOCTEH XOJOZHOTO KaTOXLy, SIKHH BHKOPHCTOBYETbCS Y TaKHX
MarHeTpoHax. Alie, B JeSKUX BHIQIKaX MiJCHICHHS MarHETPOHHUX XapaKTEPUCTUK MOXE JOCSATATHUCh 3 BiJHOCHO
HU3BKAMH Koe(illieHTaMi BTOPHHHOI eMicii xonoqHoro karony. Lle BiKpHBae HUIAX Uil BUKOPUCTAHHS YHCTHX
HEKOIITOBHUX METANliB I BHUTOTOBIIEHHS Kartoxy. CHiBBIOHOIIEHHS MK KOeQillieHTOM BTOPHMHHOI eMicii Ta
XapaKTepUCTHKAMH MarHeTPpOHyY JOCIIKEHE JUIsl peasti3alii BKa3aHoTo IiaXomy.
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