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Introduction

Nonlinear theory of two-cascade two electron stream
magnetron frequency multiplier with stepped interaction
space in an output cascade was represented in a paper [1].
This theory includes integro-differential equations of
motion of both electron streams in an input and output
cascades as well as equations of excitation of slow-wave
systems (SWS) in the cascades by prebunched electron
streams on a frequency of input signal ® and on a
frequency of n-th temporal working harmonic nw. These
equations are:
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(equations of motion of the first stream in the first
cascade);
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(equation of excitation of the first SWS);
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(equations of motion of the first stream in the second
cascade);
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(equations of motion of the second stream in the second
cascade);
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(equation of excitation of the second SWS by the second
electron stream).

All designations we shall use there coincide with ones
in the paper [1]. The two main parameters of the frequency
multiplier — gain and electronic efficiency — may be written
as follows:
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Here (P,.).0 and (P;,), - output and input signal powers;
Py — power of feedstock; A4,,(§) and A4,(0) — amplitudes of
output and input signals on frequencies of n-th and
fundamental harmonics; R, and R; - interactions
impedances of the second and first SWSs at a level of
injection of the first stream into interaction space;

B, = @9 phase constant of electron stream; v, — velocity
e

of the stream; d| — distance between negative electrode and
SWS in the input cascade; a — distance between surfaces of
negative electrodes in the first and second cascades; [, and
Iy; — permanent components of electron currents in
cascades.

There we are going to investigate the most important
dependencies such as output signal amplitude A4,,(%),



electronic efficiency 77, and gain K as well as increase in a
gain (gain increase) AK, due to step in a negative electrode
on standardized interaction space length £ and standardized
height of the input cascade f.d, at different values of the
ratios Iyy/Iy; and R,/R;, space charge density of the second
stream S,, levels of injection of both streams f.y;, and
Peyvinz and standardized height of the output cascade £,d>.
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Fig. 1. Distribution of dimensionless amplitude of HFF on the
4-th harmonic along interaction space at different standardized
height of the first cascade. £Byi1=Lyin2=0,5; L.=2; fdr=3,5

Amplitudinal characteristics

In an output cascade of the magnetron frequency
multiplier with stepped negative electrode in an output
cascade as well as in identical device with smooth one
takes place an interaction between high frequency fields
(HFF) of SWSs and both electron streams. Consider an
influence of the height of the step made on a negative
electrode in the output cascade on the main output
parameters of the multiplier. It is most convenient to do
this by comparison two constructions of mentioned above
devices. We shall assume that second cascades of the
multipliers have the same parameters (geometric
dimensions, currents of the streams and interaction
impedances on surfaces of SWSs) and that height of the
step on a negative electrode in the second cascade can be
created by change in a standardized height of the
interaction space of the first cascade f.d;. At a
maintenance constant distance between static trajectory of
the first electron stream (level of injection) and first
negative electrode (f.yinj=const)as well as strength of a
HFF at the input of the first SWS on the level of injection
we can change relatively a magnitude of dimensionless
amplitude of input signal A4,(0, £., yn1).

Fig. 1 represents distribution of HFF amplitude
An(&), at a frequency of 4-th working harmonic (n=4),
along the interaction space of the second cascade at
different standardized height of the input cascade fS,d, and
constant ratio of currents [Iy/I;;=5 with respect to
standardized length of interaction space &=27zD|N. Here D,
— parameter of amplification of the first cascade; N —
electrical length of the device. Indeed, contribution of the
input cascade into electronic efficiency of the multiplier
depends, at a first approach, on a ratio (d;,—y;,;)/d;.-

Moreover, the bigger this ratio, the higher electronic
efficiency.

It is interesting to remark that according to equations
presented in a paper [1] distributions of the HFFs strengths
along d; in both devices are different. In a multiplier
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Fig. 2. Distribution of HFF amplitude along the interaction space
of multiplier at different values of I, / [

without step longitudinal component of the field at a level
of second electron stream is about twice bigger than in a
stepped one. (gain of a stepped multiplier is about 3 dB
less than in a smooth one). This fact might be explained by
quicker exponent abatement of the longitudinal field in d;-
dirrection in the stepped device.

Now consider influence of the ratios I/l on the
main parameters of multiplier. Fig. 2 shows distribution of
HFF amplitude 4,,(¢) along interaction space for three

values of [, /1,,. Here current /,, is kept up constant and
the ratio grows for the sake of increase in [, . Calculations

carried out in accordance with (6) and (7) show that at
fixed length of interaction space & =10 and /[, /1, =10,

gain K=22,8 dB and electronic efficiency 7, =74%. At
I, /1, =5, K=19,5 dB, 7, =66% and at [,/ =1,
K=11,5dBand 7, =37%.

Fig. 2 shows that increase in [, gives rise to

electronic efficiency as well as to gain. This may be
explained by the bigger contribution of more powerful
second electron stream into energetic balance of the
device. On the other hand, shortening of longitudinal
dimension of the multiplier makes worse bunching of the
second stream.

Let a length of the first cascade be small enough, so
that certain part of electrons do not reach the surface of the
first SWS. Moreover, let space charge of the second stream
be finite. Fig. 3 represents distribution of HFF amplitude
against standardized length of the device at different values
of space charge parameter S,. Another parameters used for
calculations are: B,y =BV =0,5;  p.d, =15;
p.d, =3,5. If the space charge of the second stream is

vanishingly small (S$,=0), electronic efficiency of the
device at saturation conditions does not depend on amount
of electrons landing on the first SWS. But at a decrease of
this amount length of multiplier can be done less. This



possible shortening becomes especially evident at large
values of 1, /1.

Composition of the curves at S,=0 and S$,=0,5 shows
that growth of a space charge parameter causes rise of HFF
amplitude in an initial part of the first cascade. However,
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Fig. 3. Distribution of HFF amplitude at different values of space
charge parameter of the second electron stream. Another
parameters are the same as in Fig. 2

further increase of the amplitude stops at about & >3 and
at S>=1 becomes equal zero at £ =4,5. When S, >1 some

of assumptions of the nonlinear theory [1] (adiabatic
equations of motion, model with infinitely thin electron
streams) become partly incorrect.

Analysis of HFF amplitude distribution taking into
account existence of a space charge should include
diocotron effect in second stream leading to a growth of
HFF in an initial part of the second SWS (regime of
relatively small deflections of second stream electrons) as
well as negative influence of the second stream space
charge on electrons of the first stream which displays itself
at large declinations accomplished by electrons of the
second stream. This negative influence is caused by
Coulomb’s forces of the second stream electrons, situated
under electron clusters of the first stream, and results in
elongation these clusters in a direction of wave
propagation. Therefore, certain part of electrons of the first
stream can find themselves in an accelerating phase of
HFF and takes energy from the field of a traveling wave.

Gain. Electronic efficiency. Electrical length

In order to evaluate merits of the stepped device with
respect to the identical multiplier with smooth interaction
space introduce parameter of an increase in a gain (or gain
increase) as a difference between gain of stepped K, and
non-stepped K,,,, devices in a saturation regime, when all
electrons land on a surface of the second SWS:

AK =K — K- ¥

Fig. 4 represents a dependence between gain increase
AK at saturation conditions and standardized height of the
input cascade f,d, at different ratio of interaction

impedances of the second and first SWSs at a level of
injection of the first stream. The interval of R,/R; was
chosen taking into account real values of this ratio which
depends mainly on working frequency (in our case on
number of working harmonic) and ratio of areas taken by

faces of SWS segments and that occupied by HFF. One
can see that step on a negative electrode in an output
cascade gives similar effect as it takes place when step is
made on SWS of input cascade [2]. Comparison with
identical dependencies for magnetron amplifiers [3]
confirms our inferences.
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Fig. 5. Electronic efficiency versus height of interaction space of
the first cascade
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Fig. 4. Gain increase against height of interaction space in the
input cascade
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In Fig. 5 is shown a family of three curves
corresponding to the same values of the ratio Ry/R; as in
Fig. 4 representing dependence of electronic efficiency of a
stepped multiplier. In a saturation regime all electrons
reach the SWS of output cascade and maximum potential
energy obtained by HFF from electrons is known exactly,
therefore limit electronic efficiency at adiabatic approach
may be appreciated as follows:

lim _ dy = Yin + U 1o)(dy = Yin)
‘ di+ Uy 1y)d,

)

Calculations carried out in accordance with (9) at
Ipo/Iy1=const show the increase in 77, due to saturation of

about (4-8)% with respect to optimal pre-saturation state.
The opposite nature of the curves in Fig. 4 and Fig. 5
confirms the fact about existence of incompatible
contradictions between gain and electronic efficiency in
crossed-field microwave devices [2].

The last Fig. 6 shows how standardized length of the
stepped frequency multiplier (normalized electrical length)
depends on standardized height of the input cascade at the
same interval of the ratio of interaction impedances. It is
quite natural that at a higher interaction space in the first
cascade bunching extent of the first stream is less and for
achievement perfect grouping and effective interaction in
the output cascade it is necessary longer second SWS.



Dependence between & and Ry/R; shows that the smaller

interaction impedance in the output cascade with respect to
that in the input one, the worse processes of grouping and
interaction between electron stream and HFF on a
frequency of working harmonic. This deterioration is just
reflected in Fig. 6 as a growing length of the device at a

negative electrode of the output cascade carried out on a
base of nonlinear theory [1] shows that the device under
investigation may have sufficiently higher gain and smaller
electrical length at a big enough electronic efficiency in
comparison with identical device with smooth interaction
space. Distinguishing feature of represented nonlinear

theory is possibility to describe a performance of the
device in extreme saturation regime.

decrease of the ratio R»/R;.
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Thus, analysis of the two-cascade two-electron

stream magnetron frequency multiplier with a step on a

J.O. Meilus, S. Gelzinis. Dviejy elektrony pluo$ty magnetroninio daznio daugintuvo dideliy amplitudZiy reZimas // Elektronika
ir elektrotechnika. — Kaunas: Technologija, 2003. — Nr. 7(49). P. 5-8.

Interpretuojama neseniai $io straipsnio autoriy paskelbta netiesiné pakopiniy dviejy elektrony pluosty magnetroniniy daznio
daugintuvy teorija. Pateiktos prietaiso elektroninio naudingumo koeficiento ir jo elektrinio ilgio priklausomybés nuo i&jimo pakopos
saveikos erdvés aukscio esant skirtingoms i§¢jimo ir i¢jimo pakopuy létinimo sistemy ry$io varzoms pirmojo elektrony pluosto injekcijos
1 saveikos erdve lygyje. Palyginti laiptuotos ir lygios saveikos erdvés analogiskos konstrukcijos daznio daugintuvy galios
transformacijos koeficientai, esant fiksuotam nuolatiniy srovés dedamuyjy santykiui ir skirtingoms rySio varzoms. Netiesinés teorijos
pagrindu atlikta dvieju pakopuy dviejy elektrony pluosty magnetroninio daznio daugintuvo su programuota i§¢jimo pakopos saveikos
erdve analizé rodo, kad $io tipo prietaisai pasizymi auk$tomis pagrindiniy i$¢jimo parametry vertémis: galios transformacijos
koeficiento islosis, palyginti su neprogramuotos saveikos erdvés prietaisu, gali siekti iki 20 dB, o elektroninis naudingumo koeficientas
—70-80%. 1. 6, bibl. 3 (angly kalba; santraukos lietuviy, angly ir rusy k.).

J.0.Meilus, S.GelZinis. Large Amplitude Regime of Two Electron Stream Magnetron Frequency Multiplier // Electronics and
Electrical Engineering. — Kaunas: Technologija, 2003. — No. 7(49).- P. 5-8.

The paper represents an approval of recently published by the authors of this article nonlinear theory of cascade magnetron
frequency multipliers with two electron streams. Graphs of dependencies between electronic efficiency and electrical length of the
device on a height of interaction space of the first cascade at different values of interaction impedances of the first and second slow-
wave systems are given. Comparison of the gains of two frequency multipliers — with stepped interaction space and with smooth one —
having identical constructions at fixed ratio of permanent currents and different interaction impedances is carried out. Analysis of two-
cascade two electron stream magnetron frequency multiplier with programmed interaction space in the output cascade has shown that
devices of that type possess high output characteristics: increase in a gain in comparison with non-programmed identical frequency
multiplier reaches up to 20 dB at electronic efficiency adjacent to 70-80%. Ill. 6, bibl. 3 (in English; summaries in Lithuanian, English
and Russian).

N.0. Meiinye, C. TDeap:xkunuc. Pexxum OoabMIMX aMIUIMTYA [IBYXJIY4€BOr0 MATHETPOHHOIO YMHOKHTENSl 4YacTOThI //
DJIeKTPOHUKA M dj1eKTpoTexHuka. — Kaynac: Texnonorus, 2003. — Ne 7(49). — C. 5-8.

IpencraBiena WHTEpHIpeTanys HEIaBHO ONyOJIMKOBAaHHOW aBTOPaMH CTaTbU HEIMHEHHOW TEOPHH CEKIMOHHUPOBAHHBIX
MarHeTPOHHBIX YMHOMKHUTENIEH YacTOTHI C JBYyMs 3JE€KTPOHHBIMH MOTOKaMH. IIpuBeieHbI 3aBHCHMOCTHM 3JIE€KTPOHHOTO KII H
3MEeKTPUYECKON IIMHBI MPOOOpa OT BBICOTHI MPOCTPAHCTBA B3aMMOAEHCTBYS BXOAHOH CEKIMU IPU PA3INYHBIX COMPOTHBICHHAX CBA3U
3aMeUIIOIIUX CUCTEM NEPBOI M BTOPOH CEKIMM Ha ypOBHE BCTpENa MEPBOrO MOTOKA B MPOCTPAHCTBO B3aumozeicTeus. IIpoBeneno
cpaBHeHHE Koeh(HHIUEHTOB TpaHC(HOPMALUHE MOITHOCTH IPHUOOPOB CO CTYNEHIATHIM U ITIaJKHM IIPOCTPAHCTBAMHE B3aHMOJCHCTBUS IPH
(hMKCHPOBAaHHOM OTHOIICHHHU IOCTOSIHHBIX COCTABIIIIOIINX TOKOB M PA3IMYHBIX CONPOTHUBIICHUSX CBS3H. AHAIN3 IBYXCEKIMOHHOTO
MarHeTpOHHOTO YMHOXKHUTEJISI YaCTOTHI C ABYMSI DJIEKTPOHHBIMU IOTOKaMH H C MPOrPaMMHPOBAHHBIM IIPOCTPAHCTBOM B3aUMOJICHCTBUS
B BBIXOJHOW CEKIMH IIOKa3aJl, YTO HPHOOPHI JAHHOIO THUIAa O0NANalOT BBICOKUMH BBIXOJHBIMH XapaKTEPUCTHUKAMH: BBIUIPHI B
ko2 duienTe TpaHcHopMaIK MOIIHOCTH, B CPAaBHEHHUH C HEIPOIPaMMHUPOBAHHBIM IpHOOpoM, nocturaet 20 1b, a aIeKTPOHHBIN KIT
—70-80%. 1. 6, 6u61. 3 (Ha aHIIUIICKOM sI3bIKE; pedepaThl Ha IUTOBCKOM, aHTJIMIICKOM U PYCCKOM $3.).
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