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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 

impedance characteristics, also takes into consideration the internal noises of the active 

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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Статья поступила 26 июля 2016 г. 
 
Аннотация: Получены общие соотношения для анализа сигнальных и флуктуа-
ционных параметров и характеристик автодинного генератора, находящегося 
под воздействием собственного отражённого излучения от объекта локации. 
Модель генератора, представленная параллельным соединением проводимостей 
колебательной системы и активного элемента с мягкой импедансной характери-
стикой, учитывает также внутренние шумы активного элемента. Представле-
ны результаты анализа зависимости указанных параметров и характеристик 
автодинов от режима работы генератора и от величины показателя «мягко-
сти» импедансной характеристики активного элемента. Результаты исследова-
ний востребованы для инженерного расчёта параметров и характеристик ав-

тодинного генератора на основе диода Ганна и других активных элементов. 

Ключевые слова: автодин, автодинный отклик, шумовые параметры, сигнальные 
параметры, режимы работы генератора. 
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1. Introduction 

Autodynes 2 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 Pex, 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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quency ω 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 Yc and the resistive load GL, and the 

“electronic” AE conductivity Ye averaged over the oscillation period. 

The expression for total conductivity Yc of the high-Q cavity in the vicini-

ty of its natural frequency ωс is given by: 2 ]/( )[1 cc c с сY G j Q      , where 

Gc and Qc 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 ( , )e e eY A G jB   , which depends on oscillation am-

plitude and frequency, has the following form [8, 12]: 

0 max 0 0( , ) [1 ( / ) ( ) / ]n

e e gY A G A A         
 

0 0 0[1 ( ) / ]e bjB A A A   ,                                          (1) 

where Ge0 is the resistive AE conductivity when oscillations are absent; Amax is 

oscillation amplitude on AE, at which the Ge conductivity becomes equal to 

zero; n is the “softness” index of the AE impedance characteristic; A0, ω0 are 

steady-state amplitude A and frequency   of the autonomous oscillator; Be0 is 

the AE reactive conductivity for 
0A A ; vg, vb are coefficients defining a sensi-

tivity of appropriate AE conductivities with respect to variations of amplitude A 

and frequency ω at small offset from the fundamental frequency. 

Then, from the conductivity balance condition with account of (1) and the 

load GL, we obtain two real steady-state mode equations, from which we deter-

mine two unknown quantities for this problem: the frequency ω0 and the rela-

tive amplitude . 0 /r a maxu A A  of steady-state autonomous oscillator values: 

0 0[1 (tg / 2 )]c LQ    , 1

. (1 ) n

r a c Lu g g   ,                   (2) 

where 0 0 0 0arctg[ / ( , )]e eB G A    is the phase angle of AE signal delay; QL is 

the loaded Q-factor of the oscillating system: 

./ ( ) / (1 )n
L c c c L c c r aQ Q g g g Q g u    ;                          (3) 

0/c c eg G G ; 0/L L eg G G . 

Calculation results according to (1) are presented in Fig. 1 in the form of 

plots of normalized curves’ modulus of . 0( ) /e r a e eg u G G  (а) and . ( )r a Lu g  (b), 

obtained provided the condition 0   for different values of n exponent3. 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 

                                                                 
3 Here and further, if we do not specially mention otherwise, the plots are drawn for the following 

values of n exponent: 0.5n   (curves 1); 1n   (curves 2); 2n   (curves 3); 4n   (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). 

   
                                                      (a)                                                    (b) 

Fig. 1. Plots of functions .( )e r ag u  (а) and . ( )r a Lu g  (b). 

Рис. 1. Графики зависимостей .( )e r ag u  (а) и . ( )r a Lu g  (b) 

  
                                                       (a)                                                   (b) 

Fig. 2. Plots of functions ( )n Lp g  (а) and .( )n r ap u  (b). 

Рис. 2. Графики зависимостей ( )n Lp g  (а) и .( )n r ap u  (b) 

Taking into consideration the expression (1), the equation for delivered 

power Pex, acting on the load conductivity GL, has a form: 2

0 / 2ex L m nP A G P p  . 

Here 2

max 0 / 2m eР A G  is formally realizable AE maximal power; /n ex mp P P  is 

the normalized characteristic of the oscillator output power versus the normal-
ized conductivities of the cavity gc and load gL losses:  

2/ 2

. .(1 ) (1 )n n

n L c L c r a r ap g g g g u u      .                         (4) 

Functions’ families of the normalized output power pn versus the normal-
ized load conductivity gL and the relative amplitude ur.a calculated in accordance 

with (4) for 0.9cg   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 (opt)L Lg g , the power delivered to the load has the maximal value. If 
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(opt)L Lg g , the power transferred то 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 
(opt)L Lg 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 ur.a is more than the 

amplitude, at which the power load maximum is observed: . maxr au u , and in 

over-coupling region – on the left, when . maxr au u . 

The analysis on output power extremum of (4) with account of (2) allows 

formula obtaining for calculation of maximal power max max·mР Р р  in the load, 

as well as the optimal value of load conductivity 
(opt) 0 (opt)L e LG G g  and the rela-

tive oscillation amplitude maxu  on AE: 

(opt) (1 ) / ( 2)L cg n g n   ,                                   (5) 

1

max 0(opt) max/ 2(1 ) / ( 2)n

cu A A g n    ,                       (6) 

where maxр  is the normalized characteristic of maximal output power: 
2/

р

max

(1 ) (1 )
1

( 2) ( 2)

n

c
c

n g n g
p g

n n

  
   

  
.                          (7) 

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(τ) and 

frequency χ(τ) [14]:  

( ) cos[ ( ) ]aa K     ,                                    (8) 

( ) sin[ ( ) ]aL       ,                                    (9) 

where Γ is the reflection coefficient reduced to the oscillator output; τ is delay 

time of reflected emission; Ka, La are coefficients of autodyne amplification and 

autodyne frequency deviation, relatively: 

21 (1 )aK       , 21 (1 )a LL Q     ;             (10) 

η is efficiency of the autodyne oscillation system: 

. .( ) (1 ) (1 )n n

L c L c r a r ag g g g u u       ,                 (11) 

δ(τ) is a phase incursion of reflected microwave emission; /    and 

/ LQ   are coefficients of oscillator non-isochronity and non-isodromity, ac-
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cordingly; arctg ( )  , arctg( )   are phase offset angles of autodyne vari-

ations of self-oscillation amplitude and frequency [14];  ,  ,   are differen-

tial parameters [9]: 

. .(1 ) 2( ) 2(1 )n n

c L c L r a r an g g g g nu u       ,                    (12) 

0 0 .tg 2( ) tg 2(1 )n

b c L b r ag g u        ,                     (13) 

.2( ) 2(1 )n

g c L g r ag g u      .                              (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 Ka, frequency 
deviation La 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 ( )a LK g , .( )a r aK u  and ( )a LL g , .( )a r aL 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): 0.1cg  , 

1gv  , 1bv  , 0 10G   mOhm
–1

, max 4А   V, 1cG   mOhm
–1

, 200cQ  , 

9
0 2 ·37.5·10  . 

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 α decreases, and coefficients Ka and La, which characterize the 
amplitude and frequency sensitivity to external impacts, accordingly, essentially 
grow. At that, autodyne amplification coefficients Ka (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 α (12) is the main function depending upon an operation mode and af-

fecting to behavior of functions ( )a LK g  и .( )a r aK u . The other components, for 

instance, caused by oscillator non-isochronity γ and non-isodromity ρ, introduce 
insignificant contribution to these functions. Application of an oscillator mode, 
at which the softness index has values 1n  , ensures the lesser benefit in coeffi-

cients Ka and La, than at its small values, when 1n  . At arriving to the mode 

with higher values of gL, when oscillation amplitude is small, coefficients Ka 
and La quickly grow especially for characteristics with 1n  .  
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                                                        (a)                                                  (b) 

 
                                                        (c)                                                   (d) 

Fig. 3. Plots of functions ( )a LK g  (a), .( )a r aK u  (b) and ( )a LL g  (c), .( )a r aL u  (d). 

Рис. 3. Графики зависимостей ( )a LK g  (a), .( )a r aK u  (b) и ( )a LL g  (c), .( )a r aL u  (d) 

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

( )Lg  (а) and .( )r au  (b) are drawn at various n. 

 
                                                      (a)                                                    (b) 

Fig. 4. Plots of functions ( )Lg  (а) and .( )r au  (b). 

Рис. 4. Графики зависимостей ( )Lg  (а) и .( )r au  (b) 
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From plots in Fig. 4 we see that the angle θ 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 vb. 

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 ( )ex nP   at variation of phase incursion of reflected emission: 
2

0( ) ( ) 2 cos ( )ex n ex n ex P nP P P K        ,                     (15) 

where ( )ex nP  , 0exP  are a current value of the load power and its value for au-

tonomous mode; 0n    is normalized time. Equations for 
( )P P LK K g  and 

.( )P P r aK K u  accordingly, are given by: 
2/(1 ) [1 2 (1 )]n

P L c L L c LK g g g g n g g       , 
2

. . . .(1 )[1 2(1 ) ]n n n

r a c r a c r a r au g u g u nu      .                  (16) 

Plots of functions ( )P LK g  and of the autodyne calculated, as usually, ac-

cording to (16), at various n are presented in Fig. 5.  

 
                                                       (а)                                                 (b) 

Fig. 5. Plots of functions ( )P LK g  (а) and .( )P r aK u  (b). 

Рис. 5. Графики зависимостей ( )P LK g  (а) и .( )P r aK u  (b) 

From comparison of Figs. 2 and 5 we see that the autodyne transfer func-

tion KP 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 0PK  , 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 ( )ex np   at 0.1cg  , 4n   and 0L Lg g
 (see 

curve 1) and 0L Lg g  (see curve 2), where 0Lg  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 

0L Lg g  is presented in Fig. 6,b.  

 
                                                        (а)                                                  (b) 

Fig. 6. Plots of APC ( )ex nP   (а) of the oscillator load calculated at
 

0.55Lg   (curve 1), and 

0.65Lg   (curve 2), and AFC ( )n   (b), obtained at 0.6Lg  . 

Рис. 6. Графики МХА ( )ex nP   (а) на нагрузке генератора, рассчитанные при 0.55Lg   

(кривая 1) и 0.65Lg   (кривая 2), и ЧХА ( )n   (b), полученная при 0.6Lg   

The curve 1 in Fig. 6 is obtained for the under-coupling case when the op-

eration point on ( )P LK g  (see curve 4 in Fig. 2,а) 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 н ( )np  . In the optimal coupling case 

0.6Lg  , when the output power is highest, the autodyne response is caused by 

frequency variations ( )n   ( )n   and amplitude н( )a   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 τa 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]: 

a 0 11[ (1 )]LQ     . At that, the boundary frequency limF  (in Hz) of the au-

todyne response by the – 3db-level is related to the time constant τa by simple 

relation: lim a1/ 2F  . 

Calculation results for the time constant τa (ns) and the boundary fre-

quency limF  (GHz) in the form of functions a ( )Lg , a .( )r au  and lim ( )LF g , 

lim .( )r aF 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… 
НОСКОВ В. Я. и др. Сигнальные и шумовые параметры автодинов… 

 

39 

 
                                                        (а)                                                  (b) 

 
                                                        (c)                                                   (d) 

Fig. 7. Plots of functions a ( )Lg  (a), a .( )r au  (b) and lim( )LF g  (c), lim .( )r aF u  (d). 

Рис. 7. Графики зависимостей a ( )Lg  (a), a .( )r au  (b) и lim( )LF g  (c), lim .( )r aF u  (d) 

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 τa sharply increases, and the boundary bandwidth of quasi-harmonic 
signals of the autodyne response becomes essentially narrower. As we see from 
Fig. 7, а and b, the time constant τa of the 8mm-range oscillator may be located 
in the range from hundredth to units of nanoseconds. At that, the boundary val-

ue limF  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 .  n eff  and amplitude .n efA  fluctuations of 

the oscillator used, which define the minimal level of a signal under detection, 
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as well as the autodyne energy potential Π, 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 
.  n eff  and ampli-

tude 
.n efA  noises have the following view [18]:  

2

.  0= 2 Δ (1+ ) / 2 (1 )n ef n n ex Lf kT M F P Q     ,                  (17) 

2

. . max= 2 Δ (1+ ) / (1 )n ef r a n n exA u A kT M F P   ,                  (18) 

where –23  1.38·10k   J/K is the Boltzmann constant; nT  is the equivalent noise 

temperature of AE; nM  is a measure of AE noise. 

Formulas for calculation of an energy potential during signal registration 

according to frequency variation F  and amplitude A  variation can be writ-

ten as [10, 18]: 
2 2

2

(1 )
=

2 Δ (1+ )

L ex
F

n n

Q P

kT M F






 , 

2 2

2

(1 )
=

2 Δ (1+ )

ex
A

n n

P

kT M F

 




 .                 (19) 

The ratio of a limited value of the reflection factor 
lim , 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]: 

lim / cD 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-

quency noises are equal; Rc 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: 

2(1/ 2 ) (1 ) / (1 )LR Q      .                       (21) 

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

(12) – (14) and functions .  ( )n ef Lf g , .  .( )n ef r af u  and . ( )n ef LA g , . .( )n ef r aA u  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: 300nT   К; 

33nM   dB; 1F   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 Lg , where oscillation ampli-

tude отнu  is large enough, the oscillator provides the operation mode with min-

imal level of frequency 
.  n eff  and amplitude 

.n efA  noises, at that, when the 

softness index grows, this minimum becomes lower. At that, potential extreme 
values coincide with minima of effective noise values. 

 
                                                        (а)                                                   (b) 

 
                                                        (c)                                                   (d) 

Fig. 8. . Plots of functions 
.  ( )n ef Lf g  (а), 

.  .( )n ef r af u  (b) and 
. ( )n ef LA g  (c), 

. .( )n ef r aA u  (d). 

Рис. 8. Графики зависимостей 
.  ( )n ef Lf g  (а), 

.  .( )n ef r af u  (b) и 
. ( )n ef LA g  (c), 

. .( )n ef r aA u  (d) 

From comparison of relative amplitude отн ( )Lu g  and output power 
( )n Lp g , plots presented in Fig. 1,b and Fig. 2, with plots of effective values of 

frequency . ( )n ef Lf g  and amplitude . ( )n ef LA g  noise we can see that noise min-

ima and, accordingly, maxima of the limited energy potential ( )F Lg  and 

( )A Lg  are ensured at small values of the load conductivity Lg . 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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                                                        (а)                                                (b) 

 
                                                         (c)                                                (d) 

Fig. 9. Plots of functions ( )F Lg  (а), .( )F r au  (b) and ( )A Lg  (c), .( )A r au  (d). 

Рис. 9. Графики зависимостей ( )F Lg  (а), .( )F r au  (b ) и ( )A Lg  (c), .( )A r au  (d) 

Under mentioned conditions, the oscillation amplitude relu  near its max-

imal values maxA , is ensured, and the output power exP  is several times lesser 

than the largest power, which occurs at optimal coupling with the load 

(opt)L Lg g . 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 cg  it fol-

lows that application of the high Q-factor cQ  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 F  and to 

the oscillation amplitude A .  
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                                                        (а)                                                   (b) 

 
                                                        (c)                                                   (d) 

Fig. 10. Plots of functions ( )F LR g  (а), .( )F r aR u  (b) and ( )A LR g  (c), .( )A r aR u  (d). 

Рис. 10. Графики зависимостей ( )F LR g  (а), .( )F r aR u  (b) и ( )A LR g  (c), .( )A r aR u  (d) 

Plots of functions ( )LR g  and .( )r aR u  of the maximal distances to the reflect-

ing object expressed in a number of half-wavelengths are presented 4 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 

relates with decrease of autodyne frequency deviation (see Figs. 3,c and d). 

Experimental investigations data presented in [15, 20] on an example of 

autodyne oscillators on Gunn diodes and IMPATT diodes, qualitatively confirm 

the above-mentioned theoretical results. 

                                                                 
4 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 оf 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. 
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