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Introduction

Amplitudinal  characteristic of most modern
microwave devices and frequency transducers has a shape
[1] givenin Fig. 1.

At a certain sufficiently small input signal power
Pnmin €lectronic amplifier or frequency transducer (further

named a device) stops reproducing phase and spectrum of

the input signal. The value B, ., near which complete

absence of a control upon electron stream by the input
signal takes place can be treated as a threshold power of
the input signal. The threshold power and its dependence
on parameters of microwave electronic devices are
investigated up to now insufficiently. Existence of a finite

value of B, iS caused by fluctuation processes occurring

in adeviceitself. It isusually considered that the threshold
input signal power at a first approach is determined by
total power of a noise reduced to the input of the device.
From such point of view microwave amplifier or frequency
transducer may be represented as a linear four-polar with
constant gain having at its input additive mixture of the
signal and the noise which obscures the signal.
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Fig. 1. Amplitudinal characteristic of microwave amplifiers
and frequency transducers
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Linearity of characteristics of the device in a regime
of small amplitudes does not exclude, however, existence
of nonlinear phenomena caused by statistic properties of
electron stream. Mechanism of signal amplification in this
regime does not remain invariable as well. Essential role
may also be played by conditions of electron bunching in
an area where electron stream, described, at the initial
state, by certain function of distribution, begins to interact
with afield of input signal.

Electron gasin power field of travelling wave

Consider one-dimensional problem of electron
motion in a homogenous field of slow travelling wave with
constant amplitude E,.,, in a space, free from static fields. In
a regime of synchronisation, when initial velocity of
electrons vy, determined without respect to the distribution
of electron speeds, is equal to the phase velocity of slow
travelling wave v, longitudinal component of a high
frequency electric field of the wave

. 21X
EX = ExmsnT

D
in a mobile reference frame has a stationary character.

Here A — length of dow-wave, travelling along the
interaction space in x-direction.

Fig. 2. Forces acting on volume element of electron stream in
mobile reference frame



Let initial state of non-disturbed homogenous
electron stream be characterised by initial concentration ng
and absolute temperature T at Maxwellian distribution of
electron speeds. Action of longitudinal electric field of
slow travelling wave upon electron stream is similar to the
influence of gravitational masses distributed periodically
towards x-direction on molecules of a neutral gas finding
themselves in such gravitational field. Signify n
equilibrium concentration of electrons in a given field E,.
For simplicity ignore space charge fields as well. Then
volume element of electron stream dV in Fig. 2 contains
ndV electrons that experience action of the total electric
force

2

f, = ndV (~€E, ) = —nedSdxE, sinT”X, )

where e = —1,6:10™" C — charge of electron, dS — cross-
-section area of the stream element perpendicular to x-
-direction. On the other hand we know that pressure of a
perfect gas p may be expressed through its concentration
and absolute temperature: p=nkT, where k=1,38-10 % JK
— Boltzmanns's constant. Therefore, if the concentrations
on both sides of the stream element are n and n+dn, forces
acting from the left and right sides on this element are
equal to
f; =(n+dn)kTdS and f, = nkTdS. ©)]
Condition of equilibrium for the stream element may
be written now in such a shape

From (2), (3) and (4) it follows
N nEmgn X _g ®)
dx KT A

At small input signals the change in an electron
temperature under influence of E, may be ignored. Then
solution of the equation (5) at E,=const is

nx)=n exp[— Emh (1— CoS ZXXH

27KT
here n, — settled concentration of electrons at a centre of
electron spoke (Fig. 3).
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Fig. 3. Equilibrium and limit concentration of electrons in
electron spokes
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Obtained expression is similar to famous barometric
formula, which describes distribution of molecules in a
gravitational field of the Earth or another heaven body
having own atmosphere. This equation describes a
structure of equilibrium isothermal electronic atmosphere,
which may be kept at limit conditions by the field of
travelling wave with respect to electron distribution of
speeds.

Dependence n(x) according to (6) has a spatial period
which equals length of the slow-wave A. The smaller the
ratio E,»A/KT the lower the limit concentration of electron
spokes and the higher the part of non-controlled electrons
carrying out chaotic motions between areas of retarding
and accelerating phases of the high frequency electric field
of travelling wave.

Reduction of electron stream current

Here we shall calculate strength of electron stream
current taking into account limit concentration of electron
spokes.

Take a Fourier series expansion of electron
equilibrium function n(x) represented by (6):

n(x)= Ay + i A, cos ppx. @)
p=1
Here
2r o
P (8)

— phase constant of the slow-wave; @ — frequency of the
wave,

Constant component Ay and amplitude of p-harmonic
of electron concentration in accordance with (6) and (8) are
equal to:

A
2 e, \f (€ ,
A anexp( KT Mexp( KT ]cosﬂxdx, 9
4 eE
A — Xm
P AnleXp( KT ]X

A
2

X j epoeEﬂj cos ﬁx} cos pBxdx. (¢10)]
0

BKT

Integrals in (9) and (10) come to Bessel functions of
imaginary argument of the p-order [2].

Confine further consideration with the constant
component Ay and amplitude of the first harmonic A;:

2nJgeE, -eEn

A= BAT eXp( BT ]; (11)
_ 4n,J.eE, ., -eE,
A= BKAT ex'o( BKT j (12)

where Jo and J; — Bessal’ s functions of zero and first order.

Use the evident normalization Ag=ny, wWhere ngy is non-
disturbed concentration of electronsin the uniform electron
stream at a given temperature T. From (11) and (12) one



can obtain the amplitude of the first harmonic of elctron
stream concentration in afinal shape

A =2ngJdi ()] Jo(a),

where o =€k, / KT .

At unrestricted vanishing of o amplitude A;
approaches zero. Reduction of a limit electron spoke
concentration at a finite temperature of electron gas may be
described by the introduction of reduction coefficient of
initial (undisturbed) electron concentration or reduction
coefficient of a constant component of electron current Wi

(13)

W =, (@) Jg(a). (14)
W
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Fig. 4. Reduction coefficient of constant convection current
component against parameter o = ek, A/ 27KT

Fig. 4 represents graph of dependence between W,
and a. We can see from this graph, as well as from (13)
and (14), that electron stream having constant component
of convection current iy at given value of a can be
substituted by equivalent electron stream ige for which
T=0:

ioeq =1oW - (15)

It is quite evident that real value of constant
component of the convection current in al cases remains
invariable. Decrease in ige Means only reduction of a part
of convection current controlled by microwave input signal
and rise in noise component of the current.

Equations (6), (13) and (15) correspond to the regime
settled after finite time interval of relaxation. Therefore the
reduction coefficient describes upper limit of isothermal
bunching of electrons stream and upper limit of equivalent
current gy taking into account the finite temperature of
electrons. Obtained relationships are valid not only for
microwave electronic amplifiers, but also for frequency
transducers because electron stream in an input cascade of
cascade amplifier or frequency transducer does not “know”
with which temporal harmonic of the convection current it
will have to interact in a second cascade. Therefore it does
not matter which a device is under consideration: in both

cases P,min remainsthe same.

Threshold input signal power

Equations (6), (13) and (15) let us evaluate a gain and
minimum (threshold) input signal power of a travelling
wave tube (TWT). For simplicity the finite temperature of
electrons we introduce into linear theory of TWT through
the reduction coefficient W,.
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In accordance with linear theory of TWT [1]
parameter of amplification may be expressed by interaction
impedance of dow-wave system on a level of electron
stream R, permanent accel erating voltage Uy and constant
component of convection current iy

C=3fi,R./4U,.

The use of the coefficient W, allows to introduce an
effective parameter of amplification taking into account
restrictions of the limit concentration of electrons (6) in the
electron spokes:

(16)

Car = fioRedi(@)/WUoJo(a) =C3W..  (17)

Thus, the gain of TWT in a regime of small enough
signals may depend on amplitude E,, and input signa
power P, (or input signa power P;,, a a frequency of
fundamental temporal harmonic for TWT frequency
transducers). Consider this type of nonlinearity caused by
statistic properties of electron stream only.

The gain of TWT without taking into consideration a
space charge and distributed losses of a dow-wave system
in a regime of small amplitudes may be expressed as
follows:

K =10logP,, /P, =—a+bCN3W, —L,  (18)
where P, — output signal power of TWT amplifier (output
signal power Py n, @ a frequency of working temporal
harmonic for frequency transducers); a — parameter of
initial losses; b — parameter of growing wave; L —lossesin
a local absorber; N — electrical length of the dlow-wave
system. The gain approaches zero, when

W =[(a+L)/bCNJ. (19)

It is important to emphasize that amplitude of the
field E., in a dow-wave system of TWT, taking into
account the three waves propagating in the system [1],
remains practically constant along it.

From (18) and (19) one can see that there exists the
limit value W, and corresponding limit value of
Qjim = €E,,/ BKT & which TWT loses its ability of
amplification.

At small amplitudes of asignal it is possible usage of
asymptotic representation of modified Bessel’s functions
Jo(a) and Ji(«) asfollows[2]

Jo(a@)=1; Ii(a)~ol2. (20)
Then
E miim = €A/ 47KT. (21

From (19) and (21) we find the limit amplitude of the

field
AnKT ]3

o

a+L
bCN

E

xmlim —

(22)
e



The input signal power P, is related to interaction  from expression P = KT iAf , describing power of
impedance Re and amplitude Eqn through well-known  nnige reduced to input of amplifier or frequency transducer
equation which is sometimes used for estimation of the threshold

R, EXZm 23) input signal power. Here T,y — NOiSe temperature; Af —
T op2p absolute frequency band.
2B°R,

Substitution (22) into (23) gives us limit (threshold) ~ CONelusIon

input signal power 1. Appreciation of the threshold input signal power of

212 microwave electronic amplifiers and frequency transducers

2kT 6 is carried out, taking into consideration formation of

P, = a+L)/bCN /. 24 '

nfim =~ 2 l(a+L) ] 24) electronic atmosphere and decrease in a useful part of
convection current of electron stream, at a finite

In a regime of synchronization we can assume that temperature of elec_tron gas. : :
a=9.54 dB, b=47,3 dB. At L=0 and known values of k and 2. Obtained equations show that threshold input signal
power must grow extremely at the increase of electronic

e one can get:
g temperature and at the decrease of interaction impedance
2 of the dow-wave system.
P.im =1.01.107% T—6[W]. (25) 3. Threshold input signal power of electronic microwave
R.(CN) amplifiers and frequency transducers a a room

temperature is of 10° W order.

Quantity CN hasits values in an interval from 1 to 2.
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not include frequency band of TWT in an expressed shape.
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In order to evaluate the threshold input signal of microwave amplifiers and frequency transducers the performance of electron gasin
apower field of travelling wave isinvestigated. Action of the longitudinal high frequency electric field of the slow travelling wave upon
electron stream is likened to the influence of periodically distributed gravitational masses on the molecules of a neutral gas. Such
representation allows to get an equation of distribution of electron concentration in an isothermal equilibrium electronic atmosphere
which may be kept at limit conditions by the field of travelling wave. Equation for the threshold signal power shows that it grows
extremely at the increase of electronic temperature and at the decrease of interaction impedance of the slow-wave system. It is shown as
well that at the standard values of the main parameters represented by the equation and at a room temperature the threshold input signal
power should be of 10°W order. Il1. 4, bibl. 2 (in English; summariesin English, Russian and Lithuanian).
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JI71st OIIeHKH ITOPOTOBOTO BXOAHOTO CHI'HAJIa MUKPOBOJIHOBBIX YCHIIMTENIEH 1 MpeoOpa3oBaTesell 4acTOTHI CBEPXBBICOKOYACTOTHOTO
CHT'HAJla pacCMaTPUBAETCS MOBEJCHHE SIEKTPOHOB B CHJIOBOM Toie Geryiel BOIHBL JleHcTBUE MPOAOIBHOTO 3IEKTPHUUECKOTO MO
3aMeJIeHHOH Oeryiiell BOJHBI Ha 3JIEKTPOHHBIA IMOTOK YNMOAOOJSIETCS BIUSHUIO NMEPHOANYECKU PACIONOKEHHBIX IPaBHUTALMOHHBIX
Macc Ha MOJEKyJbl HEWTpambHOro rasa. Takoe Ipe/ACTaBIeHHE IO3BOJISIET TOMYYUTh YpaBHEHHE, ONHUCHIBAIOIIEE pacIpeiesiCHue
KOHILICHTPAL[UM PABHOBECHOH M30TEPMHUYECKOH 3JIEKTPOHHOM aTMoc(hepbl, KOTOPYIO MOXKET B IpeJielie YAepKaTh 1oJie Geryiieil BOJIHBI.
YpaBHEHHE MOPOTOBOH BXOMHON MOIIHOCTH IOKa3bIBAET, YTO OHA PE3KO BO3PACTAeT IPH POCTE DJIEKTPOHHOH TeMIlepaTypsl U Ipu
CHI)KEHHY COIPOTHUBIICHUS CBSI3H 3aMeistomeil cucreMsl. [TokazaHo Takke, 4TO IMPU CTAHAAPTHBIX 3HAUCHUSX OCHOBHBIX ITapaMeTpOB,
BXOJMIINX B ypaBHEHHE, M NP KOMHATHOH TeMIIepaType, IIOpOroBas BXOAHAS MOLIHOCTb HMeeT Beauduny mopsuika 10° Br. M. 4,
6n6:1. 2 (Ha aHTTIHHCKOM SI3BIKE; pedepaThl Ha aHTIIMIICKOM, PYCCKOM H JINTOBCKOM S13.).
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eektrotechnika. — Kaunas: Technologija, 2008. —Nr. 2(82). P. 13-16.

Nagrinéjama elektrony elgesena mikrobangu stiprintuvy bel daznio keitikliu béganciosios bangos jégu lauke, siekiant jvertinti iy
prietaisy minimalaus (slenkstinio) i¢jimo signalo dydi. Létosios béganciosios bangos isilginio aukstadaznio lauko poveikis elektrony
srautui tapatinamas su periodiskai issidesciusiy gravitaciniy masiy lauko itaka neutraliyjuy duju molekuléems. Taikant tokia interpretacija,
gauta lygtis, aprasanti elektrony koncentracijos pasiskirstyma pusiausviroje izoterminéje elektronineje atmosferoje, kurig ribiniu atveju
gali islaikyti béganciosios bangos laukas. Slenkstinés galios lygtis rodo, kad si galia staigiai didéja, didéjant elektroniniy dujy
temperataral ir mazéjant Iétinimo sistemos rysio varzai. Parodyta, kad, esant standartinéms pagrindiniy parametry, jeinanciy i Sia lygti,
vertems, kambario temperatiiroje slenkstiné i¢jimo signalo galia yra 10° W eilés. 11. 4, bibl. 2 (angly kalba; santraukos angly, rusy ir
lietuviy k.).
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