Infocommunications and Radio Technologies, vol. 1, no. 1, pp. 2947, 2018.
Hugoxommynuxayuonnvie u paouosnekmponnsie mexronozuu. 2018. T. 1, Ne 1. C. 29—A47.
ISSN: 2587-9936 print / 0000-0000 online

DOI: 10.15826/icrt.2018.01.1.03

Signal and noise parameters of autodynes
with the soft impedance characteristic
of the active element (review)

V. Ya. Noskov !, K. A. Ignatkov !, D. Ya. Mishin?,

S. M. Smolskiy *?, and A. P. Chupahin*

! Institute of Radioelectronics and Information Technologies,
Ural Federal University n. a. first President of Russia B. N. Yeltsin
32, Mira Str., Yekaterinburg, 610002, Russian Federation
2 Moscow Power Engineering Institute (National Research University)
14, Krasnokazarmennaya Str., Moscow, 111250, Russian Federation
noskov@oko-ek.ru

Received on July 26, 2016

Abstract: The general expressions for an analysis of signal and fluctuation parameters
and characteristics of an autodyne oscillator are obtained, which is under an influence
of the proper reflected emission from a radar object. The oscillator model represented
by a parallel connection of an oscillating system and an active element with the soft
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element. The analysis results are presented for dependences of autodyne mentioned
parameters and characteristics versus the oscillator operation mode and a value of the
“softness” index of its impedance characteristics of the active element. Investigation
results are necessary for engineering calculation of parameters and characteristics of
the autodyne on the Gunn diode and other active elements base.
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Annomayusn: Ilonyuenvt obuue cOOMHOWEHUA NSl AHATU3A CUSHANBHBIX U QIyKmya-
YUOHHBIX NApAMempos8 U Xapakmepucmuk asmooOuHHO20 2eHepamopd, HAxX00Aue2ocs
noo 6030elicmeuem CoOCMEEHHO20 OMPANCEHHOZ0 U3NYUeHUs OM 00BeKMa NOKAYUU.
Mooenv zenepamopa, npedcmasiennas napaiieibHblM coeOUHeHuem npoeooUMocmert
KOe6amenbHOll CUCmemsl U AKIMUBHO20 DNEMEHMA C MASKOU UMNEOAHCHOU XapaKmepu-
CMUKOU, yuumuléaem makxice 6HympeHHue wymsl akmueHoo snemenma. I[lpeocmasne-
Hbl pe3ybmambl AHAIU3A 3A6UCUMOCIU YKA3AHHBIX NAPAMEMPOs U XapaKmepucmux
aA6MOOUHO8 OM PedCUMA pabomvl 2eHepamopa U Om GelUYUHbL NOKA3AMENS. «MASKO-
Cmuy» UMNEOaHCHOU XapaKmepucmuKky akmueHo2o snemenma. Pesynemamul uccneoosa-
HUU 80CMpedOBaHbl OISl UHIICEHEPHO20 PACHEMA NAPaAMEempos8 U Xapakmepucmux as-
MOOUNHO20 2eHepamopa Ha ocroge ouooa I anna u Opyeux aKkmuHvIX INeMeHMO8.

Knioueewie cnoga: asmooun, agmoounnblii OMKIUK, WYMOBble Napamempbul, CUHATbHbIE
napamempbl, pexicumsl pabomul 2enepamopa.
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1. Introduction

Autodynes  are the simplest multi-functional transceiver devices made on
the base of oscillators, which simultaneously perform function of an transmitter
of the probe emission and a receiver of signals reflected from the radar object or
from an outside information source. As a result of nonlinear transform of mi-
crowave signals, so-called “autodyne” effect occurs in the autodyne, which
leads to an autodyne response (the autodyne useful signal). Extraction of the
autodyne response in the form of low-frequency useful signal on the external
microwave influence and its processing enables a possibility to find out the
needed information about the reflecting object or about a transmitted message.
With the help of autodyne devices, one can solve a wide circle of problems in
the radar technology, communications, and measuring techniques in various
applications [1-7].

A great number of publications in the form of reviews, scientific and en-
gineering papers and books (see reference list in [7]) is devoted to researches of
signal formation peculiarities, studying of autodyne noise parameters and char-
acteristics. Nevertheless, in known publications, the influence on various pa-
rameters and characteristics of the autodyne oscillation mode and on a type of
the impedance characteristic of its active element (AE) were not considered at
all. Here, under impedance characteristics we understand a dependence of the
averaged AE conductivity over oscillation period versus the oscillation ampli-
tude and other factors. Results of these researches are necessary for a correct
choice of the coupling coefficient between the oscillator and a load, a type of
AE characteristic and a position of the operation point on the volt-ampere curve
of AE for which the best conditions may be ensured to reach the required pa-
rameters and characteristics of the oscillator as an autodyne.

The goal of this paper is to perform a research for dependence of output
power, transfer, signal and noise parameters, as well as the processing speed
upon the chosen steady-state oscillation mode for the microwave and millime-
ter-wave autodyne oscillator. Results of such an analysis were discussed in our
previous publications [8-11].

2. Parameters of stationary mode

Main parameters, which characterize the steady-state operation mode of
microwave and millimeter-wave oscillators, in the vicinity of which the auto-
dyne effect is demonstrated, are the output power P, an amplitude A and a fre-

2 In the world English-language literature, together with the widespread term “autodyne”, one may often
use the terms “oscillator-detector”, “self-oscillating mixer” (SOM), “self-mixing oscillator”, “self-detecting
oscillator” etc.
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guency w of high-frequency oscillations. To obtain these parameters, we con-
sider the simplest single-circuit oscillator model in the form of parallel connec-
tion of resonator (cavity) conductivity Y. and the resistive load G, and the
“electronic” AE conductivity Y, averaged over the oscillation period.

The expression for total conductivity Y. of the high-Q cavity in the vicini-
ty of its natural frequency w. is given by: Y, =G_[1+ j2Q.(w—®.)/ @], where
G¢ and Q. are the active conductivity of cavity losses and its own Q-factor, ac-
cordingly. At that, we assume that approximation of the electronic conductivity
averaged over the period Y, (A, @) =G, + jB,, which depends on oscillation am-
plitude and frequency, has the following form [8, 12]:

Y, (A o) =-G,[1- (Al A )" +Vvy(0—@) ] @]~

—By[1-v,(A-A)/ Al 1)
where G is the resistive AE conductivity when oscillations are absent; Anmax IS
oscillation amplitude on AE, at which the G, conductivity becomes equal to
zero; n is the “softness” index of the AE impedance characteristic; Ay, wo are
steady-state amplitude A and frequency @ of the autonomous oscillator; Bey is
the AE reactive conductivity for A= A,; vg, v, are coefficients defining a sensi-
tivity of appropriate AE conductivities with respect to variations of amplitude A
and frequency w at small offset from the fundamental frequency.

Then, from the conductivity balance condition with account of (1) and the
load G, we obtain two real steady-state mode equations, from which we deter-
mine two unknown quantities for this problem: the frequency wgo and the rela-
tive amplitude u, , = A,/ A,,, of steady-state autonomous oscillator values:

o, = [1+ (g0, /2Q)], u,, =(1-g, - gL)l/n ' 2
where ©, =arctg[B,, / G,(A,, @,)] is the phase angle of AE signal delay; Q. is
the loaded Q-factor of the oscillating system:

QL :chc/(gc+gL)=chc/(1_uP.a); (3)
0.=G./G,; 9, =G, /G,.
Calculation results according to (1) are presented in Fig. 1 in the form of
plots of normalized curves’ modulus of g,(u,,)=G,/G,, (a) and u,,(g,) (b),
obtained provided the condition @ = a, for different values of n exponent®. As

we see from the plots in Fig. 1, when the n exponent increase, these characteris-
tics in a more extent come away from the “soft” characteristic (for which the

® Here and further, if we do not specially mention otherwise, the plots are drawn for the following
values of n exponent: n=0.5 (curves 1); n=1 (curves 2); n=2 (curves 3); n=4 (curves 4).
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AE conductivity averaged over the period monotonically drops in modulo) and
arrives to the “rigid” impedance characteristic (when AE averaged conductivity
at first increases at amplitude growth, and then reduces).
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Fig. 1. Plots of functions g,(u,,) (a)and u,,(g,) (b).

Puc. 1. I'paduxn 3aBucumocreit g,(U,,) (@) u u,,(g,) (b)
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Fig. 2. Plots of functions p,(g,) (a)and p,(u,,) (b).
Puc. 2. I'paduxn 3aBucumocreit p,(g,) (@) u p,(u,,) (b)

Taking into consideration the expression (1), the equation for delivered
power Py, acting on the load conductivity G, has a form: P, = A’G, /2=P,p, .
Here P, = A, G., /2 is formally realizable AE maximal power; p, =P, /P, is

the normalized characteristic of the oscillator output power versus the normal-
ized conductivities of the cavity g. and load g, losses:

pn :gL(l_ gc _gL)Zln :(l_ gc _ur.a)urz.a‘ (4)

Functions’ families of the normalized output power p, versus the normal-

ized load conductivity g, and the relative amplitude u, 5 calculated in accordance
with (4) for g, =0.9 and various values of n, are shown in the plots in Fig. 2.

From curves in Fig. 2 we see that at the optimal coupling oscillator-load,
when g, =g, o the power delivered to the load has the maximal value. If
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gL > 0, o » the power transferred To the load is more than the power dissipated
in the cavity. This case refers usually as the “over-coupling” mode [13]. In the
“under-coupling” mode g, <@, and the load power becomes less than the

cavity power. The under-coupling region is on the right from the power maxi-
mum in plots of Fig. 2, where the relative AE amplitude u,, is more than the
amplitude, at which the power load maximum is observed: U, ; > Uy, , and in
over-coupling region — on the left, when U, ; <Upy -

The analysis on output power extremum of (4) with account of (2) allows
formula obtaining for calculation of maximal power P, =P -p... inthe load,

as well as the optimal value of load conductivity G, =G,,d,«y and the rela-

tive oscillation amplitude u,,, on AE:
Iy =NA—-9.)/(n+2), ()
Uniax = Aogopy | Arax = 2= 9.)"" 1 (N +2) , (6)
where p,.. is the normalized characteristic of maximal output power:

- n(- gp){l_ _na- QC)TH' @
(n+2) (n+2)

3. Equations for autodyne parameters and characteristics

The autodyne effect in various oscillators consists in variations of oscilla-
tion parameters, which are described by linearized equations in the vicinity of
the steady-state mode for relative variations of oscillation amplitude a(z) and
frequency x(z) [14]:

a(r) =TK,cos[5(z) — ], )
x(7)=-TL,sin[o(z)+6], 9)
where T is the reflection coefficient reduced to the oscillator output; z is delay

time of reflected emission; K,, L, are coefficients of autodyne amplification and
autodyne frequency deviation, relatively:

K, =1+ p* fa@-1p). L, =n1+7? /Q @~ m); (10)

n is efficiency of the autodyne oscillation system:
77 = gL/(gc + gL) = (l_ gc _upa)/(l_u:a) 1 (11)
o(r) is a phase incursion of reflected microwave emission; y=p/a and
p=¢lQ, are coefficients of oscillator non-isochronity and non-isodromity, ac-
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cordingly; w =arctg (p), @ =arctg(y) are phase offset angles of autodyne vari-
ations of self-oscillation amplitude and frequency [14]; «, B, ¢ are differen-
tial parameters [9]:

a:n(l_ dc _gL)/Z(gc +gL):nuP.a/2(1_u:.a)’ (12)
B=1190,/2(g, +9,) =190, /2(1-1y,), (13)
g:Vg/Z(gc+gL):Vg/2(l_u:.a) : (14)

4. Transfer functions of the autodyne response

Main parameters characterizing the process of reception, frequency con-
version and passage of oscillator response on the influence of the radar object
reflection emission are coefficients of autodyne amplification K,, frequency
deviation L, and transfer function in power Lp. Dependence of these parameters
upon the oscillator operation mode can be considered using above-obtained
equations (2), (3), (11—14) for inherent parameters [9, 14].

Calculation results of functions K,(g,), K,(u,,) and L,(9,), L, (u,,)

are presented in Fig. 3 in the form of the curves’ family obtained for various n
exponent values. Initial data for these and further calculations are accepted as

follows (in conformity with the 8mm-range Gunn-diode oscillator): g, =0.1,
Vg =1, W\, =1, Gy=10 mOhm™, 4., =4 V, G, =1 mOhm*, Q =200,

wp =27:37.510°.

From plots in Fig. 3 we see that at arriving to an excitation threshold,
where the load conductivity is large and oscillations amplitude is small, the lim-
it cycle strength a decreases, and coefficients K, and L,, which characterize the
amplitude and frequency sensitivity to external impacts, accordingly, essentially
grow. At that, autodyne amplification coefficients K, (depending on oscillator
operation mode) may be both less than 1 and exceed it significantly being tens
and hundreds times.

The analysis of (10) and curves in Fig. 3 shows that the limit cycle
strength o (12) is the main function depending upon an operation mode and af-
fecting to behavior of functions K,(g,) u K, (U, ,). The other components, for

instance, caused by oscillator non-isochronity y and non-isodromity p, introduce
insignificant contribution to these functions. Application of an oscillator mode,
at which the softness index has values n>1, ensures the lesser benefit in coeffi-
cients K, and L,, than at its small values, when n<1. At arriving to the mode
with higher values of g, when oscillation amplitude is small, coefficients K,
and L, quickly grow especially for characteristics with n>1.
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Fig. 3. Plots of functions K,(g,) (a), K,(u,,) (b)and L,(g9,) (c), L,(u,,) (d).
Puc. 3. I'paduxu 3aBucumocreit K,(g,) (a), K (u,,) (b)u L,(9,) (c), Ly(u,,) (d)

Phase offset angles  and 6 of autodyne responses on variations of ampli-
tude (8) and frequency (9) are auxiliary autodyne parameters. The analysis of
these expressions shows that the y angle in the model accepted here does not
depend on operation mode. It completely defines by the coefficient vy For
phase angle & in Fig. 4 [taking into account (13) and (14)] plots of functions

6(9,) (@) and 6(u,,) (b) are drawn at various n.
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Fig. 4. Plots of functions &(g,) (a) and &(u,,) (b).
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From plots in Fig. 4 we see that the angle 8 of AFC phase offset essential-
ly affecting on the distortion of autodyne signals in non-isochronous oscillators
weakly varies at variation of the autodyne operation mode character both for
small and for large values of n. This angle is mainly defined by coefficient v,.

Behavior of the autodyne response transfer function in power Kp has a spe-
cial interest at variation of an operation mode. This function is included into ex-
pression of “power” characteristic of the autodyne (APC) describing variations of
output power AP, (z,) atvariation of phase incursion of reflected emission:

AR, (7,) =P, (7,) = Py = 2I"*Kc085(7,) , (15)
where P, (z,), P,, are a current value of the load power and its value for au-
tonomous mode; 7, =m,7 is normalized time. Equations for K, =K,(g,) and
Ky, =K, (u, ) accordingly, are given by:

Kr=0.(1-9.-9,)""L-29, /nL-9g. - 9.)]=,
:urz.a(l_ gc _u:a)[l_z(l_ gc _u:.a)/nu:.a] ' (16)

Plots of functions K, (g,) and of the autodyne calculated, as usually, ac-
cording to (16), at various n are presented in Fig. 5.
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Fig. 5. Plots of functions K,(g,) (a) and K, (u,,) (b).
Puc. 5. I'paduxn 3aBucumocreit K,(g9,) (@) u Ko(u,,) (b)

From comparison of Figs. 2 and 5 we see that the autodyne transfer func-
tion K in power depends not only upon output power, which is defined also by
the softness index of the impedance characteristic, but upon the oscillator-load
coupling character. In the case of optimal coupling, when output power is larg-
est, we have Ky =0, and at transfer from the under-coupling mode into over-

coupling and vice-versa the sign of Kp changes to the opposite. This statement
represents the special interest for an adjustment procedure of the microwave
oscillator to the autodyne mode.
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APC calculation results Ap,,(z,) at 9. =0.1, n=4 and g, <g,, (see

curve 1) and g, >0, (see curve 2), where g, is the conductivity at which the

output power is the highest [11] are presented in Fig. 6. The frequency charac-
teristic (AFC) calculated according (9) for the case of optimal coupling (when

9. =9, is presented in Fig. 6,b.

5107 L 8107
= NN N: AN N
SR VaNE VAR VAR VAR
TN TS ~ ~
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Fig. 6. Plots of APC AP, (z,) (a) of the oscillator load calculated at g, =0.55 (curve 1), and
g, =0.65 (curve 2), and AFC x(z,) (b), obtainedat g, =0.6.

Puc. 6. I'papuxun MXA AP, (7,) (a) Ha Harpyske reneparopa, paccuntannsie npu ¢, = 0.55
(xpuBast 1) u g, =0.65 (xpuBas 2), u UXA y(r,) (b), momyuennas mpu g, =0.6

The curve 1 in Fig. 6 is obtained for the under-coupling case when the op-
eration pointon Ky (g, ) (see curve 4 in Fig. 2,a) has the positive sign of Kp, and

the curve 2 is obtained for the over-coupling case, when this sign is negative.
Therefore, at transfer from the over-coupling mode into the under-coupling

mode, we observe the APC inversion Ap, (z,). In the optimal coupling case
g, =0.6, when the output power is highest, the autodyne response is caused by

frequency variations y(7,) x(z,) and amplitude a(z,) only. This behavior
character of APC is confirmed by experimental data presented in our review [15].

5. Operating speed parameters of autodyne oscillators

The next important autodyne parameter, which we are going to consid-
er now, is the time constant z, of the autodyne response that characterizes the
operation speed for response transient on the reflected emission impact, for
instance, in autodyne system with emitted pulse modulation [16]:
7, =Q_/[mya; (1—yp)]. At that, the boundary frequency Fy,, (in Hz) of the au-
todyne response by the — 3db-level is related to the time constant z, by simple
relation: F,, =1/2xz,.

Calculation results for the time constant z, (ns) and the boundary fre-
quency F;, (GHz) in the form of functions 7,(9,), 7,(u,,) and F;,(9,),

Fim (U, ,) are presented in Fig. 7 as the curves family obtained for various n.



NOSKOV V. Ya. et al. Signal and noise parameters of autodynes... 39
HOCKOB B. 4. u n1p. CurHaibHble ¥ UIIyMOBbIE ITapaMETPhI aBTOJIUHOB. ...

74(g1), ns
Ta(#ty.0), DS

1:10° l 1-10°
0.3 06 09 0 02 04 06 08 |1
& Upg
(a) (b)

1-10' 110 V==
=10 =
&) = =
5 1107 : o

1107 [ ¥ VAN N ——

04 06 08 1
Up o

(d)
Fig. 7. Plots of functions z,(g,) (a), 7,(u,,) (b)and F;,(9.) (©), Rin(u,.) (d).

Puc. 7. I'paduku 3aBucumocreii 7,(g,) (@), 7,(u,,) ®) 1 Rin(g9.) ©€), Rin(u,) ()

From plots of this figure, we see that at oscillator arrival to the excitation
threshold, where the load conductivity is high, and amplitude is small, the time
constant z, sharply increases, and the boundary bandwidth of quasi-harmonic
signals of the autodyne response becomes essentially narrower. As we see from
Fig. 7, a and b, the time constant z, of the 8mm-range oscillator may be located
in the range from hundredth to units of nanoseconds. At that, the boundary val-
ue Fy;, of bandwidth for output autodyne signals may be from tens of MHz to
about one GHz (see curves in Figs. 7,c and d). These calculation results are well
agreed with experimental data [17].

From plots obtained in Fig. 7 it also follows that utilization of the oscilla-
tor mode, at which large quantities of n can be realized for AE impedance char-
acteristic softness, promotes the transient time decrease for autodyne response
and, accordingly, for widening of the autodyne bandwidth.

6. Noisy parameters of the autodyne

Effective values of frequency Af
the oscillator used, which define the minimal level of a signal under detection,

and amplitude A, fluctuations of

n.ef
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as well as the autodyne energy potential TT, which determines the autodyne sys-
tem possibilities in operation range, detection reliability for reflecting objects
and in measurement accuracy of its parameters are the main autodyne noise pa-
rameters [10]. One more important feature related to noise parameters is the
width of its dynamic range.

Equations for effective values of autodyne frequency Af,. and ampli-

tude A, . noises have the following view [18]:

Af,y =@ J2KT, M AF(1+7) /P, [22Q (1= 1p) , (17)

Av = Ura A 2K, M AF (14 7)1 B, far(1= ), (18)
where k =1.3810* J/K is the Boltzmann constant; T, is the equivalent noise
temperature of AE; M, is a measure of AE noise.

Formulas for calculation of an energy potential during signal registration
according to frequency variation IT. and amplitude II, variation can be writ-
ten as [10, 18]:

__QA-mw)PR 4 - 2(-mp)R,
2KT M AF(1+7%)" " 2kT M AF(1+ p?)
The ratio of a limited value of the reflection factor ', at which the sig-

nal jumps begin, to the level of own frequency noises of the microwave oscilla-
tor, gives a value of the required dynamic range D of the autodyne system [19]:

(19)

=

D=T, JII=R/R,, (20)

where R is a threshold distance to the reflecting object expressed in emission
half-wavelengths, at which levels of reflected emission and own oscillator fre-
guency noises are equal; R. is the same but current distance to the reflecting
object. In the general form, the equation for threshold distance R calculation has
the following view:

R=(/277)Q (L— yo)II/ A+7°) . (21)

Calculation results according to (17) and (18), taking into account (3),

(12) - (14) and funCtionS A‘I:n.ef (gL) ' Afn.ef (ur.a) and A\.ef (gL)’ Amef (urAa) are
presented in Fig. 8 in the form of the plot family for various n. The similar func-
tions obtained as a result of calculation according to formulas (19) are shown in
Fig. 9. The initial data for calculations are accepted as follows: T, =300 K;

M, =33 dB; AF =1 kHz.
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From plots in Figs. 8 and 9, we can see that curves obtained have the ex-
treme character. At small load conductivity values g, , where oscillation ampli-

tude u_ is large enough, the oscillator provides the operation mode with min-
imal level of frequency Af , and amplitude A . noises, at that, when the

softness index grows, this minimum becomes lower. At that, potential extreme
values coincide with minima of effective noise values.
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From comparison of relative amplitude u, (g,) and output power
p,(9.), plots presented in Fig. 1,b and Fig. 2, with plots of effective values of
frequency Af, . (g,) and amplitude A, (g, ) noise we can see that noise min-

ima and, accordingly, maxima of the limited energy potential IT-(g,) and
IT,(g,) are ensured at small values of the load conductivity g, . Additional

conclusion from results obtained consists in the fact that with softness index n
growth, the potential maximum can be achieved at large values of relative am-
plitude and, at increase of this index, the energy potential also grows.
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Under mentioned conditions, the oscillation amplitude u,, near its max-

imal values A, , is ensured, and the output power P,, is several times lesser
than the largest power, which occurs at optimal coupling with the load
9. =0, - From investigations performed (see plots in Figs. 8 and 9) it fol-
lows one more result, which confirms conclusions from our publication [19],
and consists in the fact that, at signal registration according to frequency varia-

tion, the higher value (by 20—30 dB) of the autodyne potential than at registra-
tion of amplitude variations.

From calculation results, at other values of relative conductivity g, it fol-
lows that application of the high Q-factor Q_, promotes obtaining of low fluc-

tuation level, which makes agree with known conclusions of the oscillator noise
theory. In addition, at that, we obtain high values of the autodyne limited energy
potential both at signal registration according to frequency variation II. and to

the oscillation amplitude IT,.



NOSKOV V. Ya. et al. Signal and noise parameters of autodynes... 43
HOCKOB B. 4. u n1p. CurHaibHble ¥ UIIyMOBbIE ITapaMETPhI aBTOJIUHOB. ...

1-10” Bee— 110 ﬁ
W P——
~ . 7
RO N -t i
AN

Ri(g1)
54
-
/1
]
)
7
) -
]
Ri (ul n)
3
N
RN
e \‘

AN kY ‘- 5 l"v l.
1-10° AN AN 1-10¢ TAP205 4
R - i
1-10 Vo o LET
0 0.3 0.6 0.9 0 02 04 06 08 1
& Urg
(a) (b)
1-10* f=—=———— 1-10® %
\ “-\ k\‘ “-‘ ..¢
10 Bl g
=~ B ——— =
. NS S 2 4 i

N

3 7
- M < o
1-10° \ N L 1-10° 15%253 g-v‘

S s
LN Ly Yy 7
N A Y I 7

N

LN — £
1-10" NN e A
0 0.3 0.6 0.9 0 02 04 06 08 1
g[ Urq
(© (d)

Fig. 10. Plots of functions R.(g,) (a), R-(u,,) (b)and RA(9,) (c), Ra(u,5) (d).

Puc. 10. I'paduxu 3asucumocteit R-(g,) (a), R-(u,,) (0)m Ry(9) (), Ra(u,,) (d)

Plots of functions R(g, ) and R(u, ,) of the maximal distances to the reflect-

ing object expressed in a number of half-wavelengths are presented” in Fig. 10. Cal-
culations for these plots were performed in accordance with (21) taking into account
(3) and (12) — (14), (19). From plots obtained and from curves in Fig. 9, we see that
regions of oscillation parameters, where the autodyne potential is maximal, corre-
sponds also to the region, where the system dynamic range is the highest. At that,
dynamic range growth in this region relates not only to a noise level minimum, but
relateswith decrease of autodyne frequency deviation (see Figs. 3,cand d).

Experimental investigations data presented in [15, 20] on an example of
autodyne oscillators on Gunn diodes and IMPATT diodes, gqualitatively confirm
the above-mentioned theoretical results.

* Indices F and A at R on plots in Fig. 10 mean belonging of this function to determination of the dy-
namic range at registration according to variations of frequency and amplitude, relatively.
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7. Conclusions

Dependence of main autodyne parameters is analyzed on the base of the ear-
lier-developed model such as an output power, transfer functions, an energy poten-
tial, and a dynamic range as well as noisy parameters and operation speed parame-
ters upon the AE oscillation mode and a type of its impedance characteristic.

Investigations performed show that at choice of a type and AE operation
mode for autodyne oscillator ensuring the largest value of the system energy
potential, it is necessary to be guided by the following recommendations. To
apply an AE type and the operation point position such that ensure the type of
AE impedance characteristic, which is as close as possible to the rigid type. At
that, it is necessary to set the mode of weak coupling between the oscillator and
the load, ensuring the relative high values of AE oscillation amplitude, when the
output power several times less than a power, which is delivered by this oscilla-
tor to the load at optimal coupling. The oscillating system must guarantee as far
as possible high values of the proper Q-factor, and AE — the least value of noise
measure. At that, it is necessary to note that the mode of the best energy poten-
tial differs from the mode of optimal coupling in power as well as the maximal
transfer function of the autodyne response.

It is shown that in the case of autodyne signal registration in power ac-
cording to an oscillator load variation from the under-coupling mode to the
over-coupling mode, the autodyne signal is inverted. In the case of optimal cou-
pling, when the output power is the highest, the autodyne sensitivity on varia-
tion of output power is the lowest and the output response is caused not only by
frequency and amplitude variations.

Research results obtained in this paper, calculation relations, and plots of
various functions versus values on normalized load and relative amplitude
seems to us as useful for engineering parameter and characteristic calculations
as well as for determination of optimal operation modes for autodyne micro-
wave oscillators made on the base of Gunn diodes and other active elements.

Acknowledgement

The work was supported by Act 211 Government of the Russian Federation, contract No
02.A03.21.0006.

References

[1] 1. V. Komarov and S. M. Smolskiy, Fundamentals of short-range FM radar. Norwood, MA:
Artech House, 2003. doi: 10.1109/MAES.2004.1346903

[2] A. V. Varavin, A. S. Vasiliev, G. P. Ermak, and I. V. Popov, “Autodyne Gunn-diode trans-
ceiver with internal signal detection for short-range linear FM radar sensor,” Telecomm. Ra-
dio Eng., vol. 69, no. 5, pp. 451-458, 2010. doi: 10.1615/TelecomRadEng.v69.i5.80



NOSKOV V. Ya. et al. Signal and noise parameters of autodynes... 45
HOCKOB B. 4. u n1p. CurHaibHble ¥ UIIyMOBbIE ITapaMETPhI aBTOJIUHOB. ...

(3]

(4]

(5]

(6]

[7]

(8]

[°]

[10]

[11]

[12]
[13]
[14]

[15]

[16]

[17]

D. A. Usanov and A. E. Postelga, “Reconstruction of Complicated Movement of Part of the
Human Body Using Radio Wave Autodyne Signal,” Biomed. Eng. (NY)., vol. 45, no. 1,

pp. 6-8, 2011. doi: 10.1007/s10527-011-9198-9

V. P. Lushev, S. D. Votoropin, Y. N. Deriabin, Y. B. Zharinov, and M. G. Potapov, “Mi-
crowave autodyne moving sensors for measurement of burning speed of high-energy com-
posite materials,” in Microwave and Telecommunication Technology (CriMiCo), 2005 15th
International Crimean Conference, 2005, pp. 831-833. (In Russ.).

doi: 10.1109/CRMICO0.2005.1565160

N. M. Zakarlyuk, V. Y. Noskov, and S. M. Smolskiy, “On-board autodyne velocity sensors
for aeroballistics inspections,” in Microwave and Telecommunication Technology (CriMiCo),
2010 20th International Crimean Conference, 2010, pp. 1065-1068. (In Russ.).

V. Y. Noskov, “A Double-diode autodyne transceiver,” Instruments Exp. Tech., vol. 58,

no. 3, pp. 505-509, 2015. doi: 10.1134/S0020441215030240

V. Y. Noskov, A. V. Varavin, A. S. Vasiliev, G. P. Ermak, N. M. Zakarlyuk, K. A. Ignatkov,
and S. M. Smolskiy, “Modern hybrid-integrated autodyne oscillators of microwave and mil-
limeter wave ranges and their application. Part 9. Autodyne radar applications,” Usp. Sov-
rem. radioelektroniki, no. 3, pp. 32-86, 2016. (In Russ.).

K. A. Ignatkov and A. P. Chupahin, “Steady-state mode parameters of the autodyne oscilla-
tor,” in Microwave and Telecommunication Technology (CriMiCo), 2015 25th International
Crimean Conference, 2015, pp. 975-976. (In Russ.).

V. Y. Noskov, K. A. Ignatkov, S. M. Smolskiy, and A. P. Chupahin, “Influence of the oscil-
lator operation mode on transfer coefficients of the autodyne response,” in Microwave and
Telecommunication Technology (CriMiCo), 2015 25th International Crimean Conference,
2015, pp. 995-996. (In Russ.).

K. A. Ignatkov, S. M. Smolskiy, and A. P. Chupahin, “Dependence of noise parameters and
autodyne characteristics on the oscillator operation mode,” in Microwave and Telecommunica-
tion Technology (CriMiCo), 2015 25th International Crimean Conference, 2015, pp. 997-1000.
(In Russ.).

V. Y. Noskov, K. A. Ignatkov, S. M. Smolskiy, and A. P. Chupahin, “Autodyne characteris-
tic dependence upon the oscillator operation mode,” in Microwave and Telecommunication
Technology (CriMiCo), 2015 25th International Crimean Conference, 2015, pp. 992-994.
(In Russ.).

V. S. Andreev, “[The influence of the nonlinear properties of the device with negative resistance
on the power generated oscillations],” Radiotehnika, no. 8, pp. 43-44, 1982. (In Russ.).

I. V. Lebedev, Tekhnika i pribory SVCh. T. 2. Elektrovakuumnye pribory SVCh. Moscow:
Vysshaya shkola, 1972. (In Russ.).

V.Y.Noskov, K. A. Ignatkov, and S. M. Smolskiy, “Autodyne Characteristic Dependence on
the UHF Oscillator’s Inherent Parameters,” Radiotekhnika, no. 6, pp. 24-42,2012. (In Russ.).
S.D. Votoropin, V. Y. Noskov, and S. M. Smolskiy, “Modern hybrid-integrated autodyne oscil-
lators of microwave and millimeter ranges and their application. Part 2. Theoretical and experi-
mental investigations,” Usp. Sovrem. radioelektroniki, no. 7, pp. 3-33, 2007. (In Russ.).

V. Y. Noskov and K. A. Ignatkov, “Dynamics of autodyne response formation in microwave
generators,” Radioelectron. Commun. Syst., vol. 56, no. 5, pp. 227-242, 2013.

doi: 10.3103/S0735272713050026

V. Y. Noskov and K. A. Ignatkov, “Dynamic autodyne and modulation characteristics of
microwave oscillators,” Telecommun. Radio Eng., vol. 72, no. 10, pp. 919-934, 2013.

doi: 10.1615/TelecomRadEng.v72.i10.70



46

[18]

[19]

[20]

10.

11.

Radio engineering and communication
Pamnorexunka u cBsss (05.12.00)

V. Y. Noskov and K. A. Ignatkov, “Peculiarities of noise characteristics of autodynes under
strong external feedback,” Russ. Phys. J., vol. 56, no. 12, pp. 1445-1460, 2013.

doi: 10.1007/s11182-014-0198-6

V. Y. Noskov and G. P. Ermak, “Measurement errors and dynamic range of autodyne vibra-
tion meters,” Telecommun. Radio Eng., vol. 73, no. 20, pp. 1843-1861, 2014.

doi: 10.1615/TelecomRadEng.v73.i20.50

V. Y. Noskov, “About an energy potential of autodynes,” in Microwave and Telecommuni-

cation Technology (CriMiCo), 2014 24th International Crimean Conference, 2014,

pp. 1029-1030. doi: 10.1109/CRMICO0.2014.6959745

Cnucok JuTepaTypbl

Komarov I. V., Smolskiy S. M. Fundamentals of short-range FM radar. Norwood: Artech
House, 2003. 289 c.

Autodyne Gunn-diode transceiver with internal signal detection for short-range linear FM
radar sensor / Varavin A. V., Vasiliev A. S., Ermak G. P., Popov I. V. // Telecommunica-
tion and Radio Engineering. 2010. T. 69, Ne 5. C. 451—458.

VYcanos JI. A., IToctensra A. D. BoccraHOBIEHME CII0AKHOTO ABUKEHUS yUacTKa TeJla YeJIOBEeKa
[0 CUTHAJTY PaJIHOBOJIHOBOT0 aBTo/inHa // MemuiuHckas exHuka. 2011, T. 45, Ne 1. C. 8—10.
AstonuaHble CBY natdnku nepemMerneHus Ui n3MepeHHs CKOPOCTH FOPEHNS BRICOKOIHEpre-
THYECKUX KOMITO3UITHOHHBIX MaTepuaiioB / JTymres B. IT., Boroporuu C. IT., Hepsouun FO. H.,
Kypunos 1O. b., [Toranos M. I'. B xH. : 15-1 Mexnynap. Kpbimckas ko). «CBU-TexHnka
U TeNIeKOMMYHHUKaIHOHHBIe TexHonorum» — KpeiMuKo’2005 (CeBacronoins, 12—16 ceHrT.
2005 r.). 2005. C. 831—833.

3akapmok H. M., HockoB B. f1., Cmonbckuit C. M. BopToBbIe aBTOIMHHBIC TATYHKH CKOPO-
CTH JUIS a9pO0aUTUCTHICCKUX UcTIbITaHui. B kH. : 20-1 Mexaynap. Kpeivckast koH.
«CBY-TexHHKa 1 TeJIeKOMMYHHKaIMOHHbIe TexHonorun» — KpeiMuKo’2010 (CeBacto-
moib, 13—17 cent. 2010 r.). 2010. C. 1065—1068.

Hockog B. 5. /IByx1noHbIH aBTOAWHHBINA pueMornepenaryrk // [Ipudops! 1 TeXHUKA KC-
nepumenta. 2015. Ne 4. C. 65—70.

COBpeMeHHbIe FHGPHﬂHO'HHTeraﬂbeIe ABTOAWHHBIC TCHEPATOPBI MUKPOBOJIHOBOT'O U MUJI-
JMMETPOBOTO JUANA30HOB 1 MX puMeHeHue. U. 9. PaanoiokailmoHHOE TPUMEHEHUE aBTOIHHOB
/Hockos B. 51., Bapasus A. B., Bacunbes A. C., Epmak I'. I1., 3akapiok H. M., Urnarko K. A.,
Cwmonbekuii C. M. // Yenexu coBpemenHol paanoanekTponuku. 2016. Ne 3. C. 32—386.
Urnatkos K. A., Uynaxus A. I1. [TapameTps! CTallHOHAPHOTO pEKUMa aBTOJMHHOIO T'eHepa-
Topa. B k. : 25-1 Mexnynap. Kpeimckas kon¢. « CBU-TexHHUKa U TelIeKOMMYHUKAIMOHHBIE
texHonorun» — KpetMuKo’2015 (Cesacromnons, 6—12 cenr. 2015r.). 2015. C. 975—976.
UrnatkoB K. A., Yynmaxun A. I1. Biusaue pexxuma paboThl reHepaTtopa Ha KO3 QUIHeHTh
nepeayy aBTOJMHHOTO OTKIINKA. B kH. | 25-1 Mexnynap. Kpeivckas koHd. «CBY-TexHnka
¥ TEeIeKOMMYHHUKAIMOHHbIE TexHosorum» — KpstMuKo’2015 (CeBacronons, 6—12 ceHr.
2015 .). 2015. C. 995—996.

Hrnatkos K. A., Cmonsckuit C. M., Uynaxus A. I1. 3aBUCHMOCTb IIyMOBBIX ITApaMETPOB U
XapaKTepPHUCTHK aBTOANHOB OT peKHMa paboThl reHepatopa. B ku. : 25-1 MexayHap. Kpsim-
ckas KoH}. «CBY-TexHUKa U TeJIeKOMMYHHKAIIHOHHbIE TexHomorum» — KpetMuKo’2015
(Cesacromnomns, 6—12 cent. 2015 1.). 2015. C. 997—1000.

Hockos B. 1. Urnatkos K. A., Cmonbckuii C. M., Uynaxus A. I1. 3aBHCHMOCTD aBTOAWH-
HBIX XapaKTEPUCTHK OT pekuMa paboThl reHepaTopa. B kH. : 25-1 MexyHap. Kpeimckas
koH(. «CBU-TexHHKa 1 TelIeKOMMyHHKaMOHHbIe TexHonorun» — KpeiMuKo’2015 (Ce-
BacTOMNojb, 6—12 cenr. 2015 r.). 2015. C. 992—994.



NOSKOV V. Ya. et al. Signal and noise parameters of autodynes... 47
HOCKOB B. 4. u n1p. CurHaibHble ¥ UIIyMOBbIE ITapaMETPhI aBTOJIUHOB. ...

12.

13.

14.

15.

16.

17.

18.

19.

20.

Anppees B. C. BiausHue HemMHEHHBIX CBOMCTB IPHOOpPA ¢ OTPHLIATEILHBIM CONPOTHBIICHHU-
€M Ha MOIIHOCTh TCHEPUPYEMBIX Kosiebanuii // Pagunotexuuka. 1982. Ne 8. C. 43—44.
Jle6enes U. B. Texuuka u npubopst CBY. T. 2. Dnektposakyymuslie mpubopst CBY / Iloa
pen. H. JI. desatkoBa. M. : Beiciuas mkoina, 1972, 376 c.

Hockos B. S1., UrnatkoB K. A., Cmonbsckuii C. M. 3aBHCHMOCTD aBTOAMHHBIX XapaKTEPUCTHK
ot BHyTpeHuunx mapamerpoB CBU reneparopos // Paguorexuuka. 2012. Ne 6. C. 24—A42.
Boropommnu C. 1., Hockos B. 4., Cmonbckuit C. M. CoBpeMeHHBIE THOPHAHO-HHTET paIbHBIE
aBTOIMHHBIE T€HEPATOPHI MHUKPOBOJIHOBOTO I MIJUIMMETPOBOT'O JIMAITa30HOB M MX IIPUMe-
Henue. Yactp 2. Teopernyeckue 1 SKCIIepHMEHTaIbHBIC HCCIIS0BaHus // Y criexu coBpe-
MeHHO# paanoanekTporuku. 2007. Ne 7. C. 3—33.

Hockos B. S1., UrnatkoB K. A. /lunamuka ¢popMupoBaHus aBTOAUHHOTO oTKIMKa CBY re-
Hepartopos // I3Bectust By3oB. Paguoanextponnka. 2013. T. 56, Ne 5. C. 21—41.

Noskov V. Ya., Ignatkov K. A. Dynamic Autodyne and Modulation Characteristics of Micro-
wave Oscillators // Telecommunication and Radio Engineering. 2013. T. 72, Ne 10. C. 919—934.
HocxkoB B. f1., UrnatkoB K. A. Oco6eHHOCTH IITyMOBBIX XapaKTEPHCTHK aBTOIMHOB ITPHU CHITb-
HO#i BHelTHeH oOpaTHoii cBsi3u // I3BecTust By30B. usuka. 2013. T. 56, Ne 12. C. 112—124.
Noskov V. Ya., Ermak G. P. Measurement errors and dynamic range of autodyne vibration
meters // Telecommunication and Radio Engineering. 2014. T. 73, Ne 20. C. 1843—1861.
HocxkoB B. fI. O6 sHepreTHueckoM MOTEHIHAE aBTOANHOB. B kH. : 24-s1 MexayHap. Kpbim-
ckast KoH}. «CBY-TexHHKa 1 TeleKOMMYyHUKaMOHHbIe TexHomorum» — KpsitMuKo’2014
(Cesactomonb, 7—13 cenr. 2014 1.). 2014. C. 1029—1030.

HcTouHnku (l)PlHaHCHpOBaHl/lﬂ U BBIPAKCHUE IIPU3HATECIBbHOCTH

Pabora BrImoHeHa IpH (DMHAHCOBOH ITOIEpKKe TI0 mocTaHoBineHnio Ne 211 IIpaBuTens-

ctBa Poccuiickoii @enepannu, kontpakt Ne 02.A03.21.0006.



