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ABSTRACT

The advantages of multibeam klystrons
over single-beam klystrons regarding the
reduction of supply voltages, weight and
the amplification beand expangion, are
shown.

Some parameters of industrial samples
of multiple-beam klystrons (supply volta-
ges, output powers and amplification band)
are given.

A number of unique features of ampli=-
fier klystrons, that are typical as a
whole of these devicesg only, made it.gos~
sible to hold an important POSitlon 1
microwave electronits., PFurther improvement

of the klystron characteristics is of
great importance for the development of
new and more advanced equipment types.

One of the principal solutions, that
sllows for achieving higher klystron pa-
rameters, is the use of multibeam designs.

The concept of use of several elect-
ron beams appeared actually immediately
after the klystron invention [1,2] . The
multibeam klystrons were intensively exa~
mined in the USA in the fifties and , es-
pecially, in the sixties: the multibeam
klystrons on higher oscillation modes of
regonator [ 3] , the traveling-wave klys-
trons [4].

However, as the publications show,
this work was not completed and was not
embodied in industrial samples. Due to
this A.Staprans et al. [ 5] announced in
1973 that the multibeam klystrons were not
used anywhere gt that time.

During more than two decades (from
early sixties) RPC "Istok" has been per-
forming research and industrial develop-
ment of the multibeam klystrons, mainly
on the basis of the fundamental oscilla-
tion mode of the resonators. (£ig.1).

The report includes the brief summary of
this work.

Figure?2 i1s an illustration of the
specific example of calculated plots,
displaying the variation of the klystron
parameters in dependence of the number of
electron beams, Not going into profound
theoretical statements we can Jjust note,
that the main reason for drastic improve-
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ment of multibeam klystron parameters
compared to single~beam ones in the wide
parameter range lies in the fact that
low perveance and low current electiron
beams are focused, grouped and give up
energy more efficiently. That's why it is
more useful to obtain the output power
required by summarizing the powers, that
are given up by low current beams to the
jointly excited field. Thus it is pos=-
sible to lower operating voltage signifi-
cantly, that results in reduction of di-
mensions and weight of the klystron and
leads to the substantial extension of the
amplification band.

A typical multiple-~beam klystron
(MBK) structure operating in the funda-
mentil resonator mode is demonstrated in
figsl

As it is obvious from the figure,
good passing of electron beams through
the channels of the resonant system have
in the case of the MBK particularly de-
cisive role in attaining high parameters
of the tube., Therefore a more uniform
magnetic field distribution in transit
channels is required for a multi-beam
electron-optical and focusing system in
comparison with a single beam one.

The typical magnitude of the magne-
tic field's cross component in periphersal
channels is 141.5 percent of the magni-
tude of the axial component. A 97499%
beam current transition ratio through
channels in a static mode, and 90-95 per-
cent - in a dynamic mode could be got in
this case.

Due to little space between elemen~
tal cathodes no collimating optics can be
employed in multi-beam klystrons opera-
ting in e fundamental oscillating mode
of the resonators. That's why high enough
current density at the cathodes for short
wave length klystrons, especially if
broadband amplification is desired, is
almost inevitable, and therefore the amp-
lification band is limited by the avai-
lable high current density cathodes., Dis~
penser cathodes used in developed mul=-
tipls-beam klystrons provide above 30
A/cm® current density in pulse mode and
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up to 10 A/cm2 in CW-mode.

Multiple-beam klystrons (MBK) fea~
ture a two~-fold benefit in amplification
band in comparison with single~beam ones
when employing common gingle-gap resonae-
tors, Multiple-gap and coupled resona=-
tors lead to an additional advantage when
properly used in the resonant system of
the MBXK.

Capabilities inherited in mbk design
as well as RPC "Istok"~realized research
and engineering programs have led to the
production of a number of klystrons fea-
turing high enough parameters set for va-
rious frequency ranges and for variety of
power levels (Table I). These klystrons
employ from 647 to several tens of elec~
tron beams.

Table I
Mode
Pa, Pu da
Tenet, cw 1se
A sCmm >10 <10~ 10 1 <10 <10 <10
out kW |0.3 [ 0.1 6 500+ |15+30] 150+
’ 700 300
Af/fo % (1.5 |1.5 18 6 246 | 243
2
Ucath;kv 1.7 1121 2.7 gg+ 10414 §$+
n 5% 40 | 35| 40| 40| 401} 40
G,dB >30 40| 40 401 40 40
Weight,
kg 8 |1.2 8 120425110415] 15420
Pocusing|sole| PM | sole|sole~| PM |sole
noid noid|noid noild

High-power MBKs have pulse power of
hundreds of kilowatis, under an average
power of about 20 kW, Its amplification
bandwidth exceeds 546 percent and effici-
ency achieves 40450 percent. Voltage and
mass of multiple~beam klystrons are two
times less than that of similar single~
~beam klystrons [6].

Medium power klystrons (pulse power-
- tens of kilowatts, average power ~ sSine
gle kilowatts) have about 6 percent of
bandwidth in the short-wave region of cme
~band being compatible in bandwidth with
TWTs based on a chain of coupled resons-
tors, but having considerably more effi.
ciency (30-40 percent) without recupera-
tion and three to four times lower phase
to voltage sensitivity.

In dm=band 18 percent bandwidih,
with an output power of several kilowatts
has been attained in a 61-beam klystron.

Thus, qualitatively new parameters
of the developed multiple-beam klystrons
operating in a fundamental resonator mode
permit to claim a new generation of ef-
fective enough high-power amplifying
microwave devices.
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Pig.1. Multiple~beam klystron cross-sec-

tiom.
Un.xw— My Dy,
S N "
\ - 3;0_ 0,8
NES
b— =1 25708
< T
N <D 20 04
2 H :
~ ~ lo 1’5 0;2

0 50 10 #50 N

Fig.2. Wide~band klystron: bandwidth af/f ,
operating volisge U _, magnet °
weight M end transi® chennel dia-
meter Dk versus beam number N;
 =3em, P =500 W, J .= 15 Afem
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