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Abstract - This article is devoted to the analysis of the ge-
erator based on a transistor structure with a negative resis-
mce in the nonlinear mode. Analytical dependenciesfor col-
lating the amplitude of oscillations, amplitude andfrequen-

sensitivity to changes in external circuit elements, power
-slimes that determine the main parameters of frequency
mjnsducers of physical quantities and the stability’ of their
peration are obtained

Keywords - generator, negative resistance, frequency
mansducer o fphysical quantities

|. Introduction

The generator of electric oscillations is the main element of
-equency transducers, therefore the consideration of its opera-
:n in a broad sense makes it possible to evaluate the depen-
dence of the parameters of the transducers on the action of both
: :ernal and internal factors. The appearance of a signilicant
«-niber of semiconductor devices with falling sections of volt-
inpere characteristics (tunnel diodes, tunnel resonance struc-
wes, Ghana diodes, avalanche-purging diodes, lambda diodes
xd a number of other devices) made it possible to use them not
.mly as switches, thresholds, amplifiers, devices, but also as a
variety of sensory devices [1-3].

Il. Theoretical and experimental research

The physical processes that occur in the transistor structure
Fig. 1) are rather complex, which makes it impossible to de-
cribe them by simple correct quantitative dependences [4, 5].

‘relore, the analytical description of the static volt-ampere
+ racteristic is based on its approximation by elementary func-

:dis. The most expedient is the abstract approximation, which

not related to physical processes in the transistor structure, but

:es primarily on its extreme points and the mathematical fea-
_res of their neighborhood. Figure 2a shows a family of static
* t-ampere characteristics of the transistor structure (Fig. 1)

:h negative resistance.

Fig. 1 The electric circuit of the generator.

A piecewise linear approximation of the static volt-ampere

- iracteristic of semiconductor structures with negative resis-

. ce by means of three-four segments was found rather widely

It makes it possible to investigate rather complex transistor

- routs by well-developed linear methods. With an increase in

se number of linear segments, it is possible to improve the ap-

rv ximation of the current-voltage characteristic, but the number
complex calculation operations increases.

Therefore, when calculating the voltage-harmonic coeffi-
cients, a more accurate approximation of the volt-ampere cha-
racteristic of the transistor structure is needed. The use of ap-
proximation by a sixth-degree pair polynomial with respect to
the maximum point makes it possible to obtain not only qualita-
tive, but also good quantitative convergence of theoretical and
experimental results.

Using the equations obtained in [6], and assuming that the
origin is transferred to the performance point of the characteris-
tic. the approximating functions can be written in the form:

I S.y)=YJaryn’ G(y) =Yjn-aly"~', (1
/1=

n=i

b)
Fig.2. Static volt-ampere characteristics of the transistor struc-
ture (a) and their approximation by a polynomial of the 6th de-
gree (b).

where / (y) - variable component of the normalized current of

the transistor structure, G(y) = dl (y)/ dU - differential con-
ductivity,
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-2SY(1-y)-4S2(1-y)3-6S3(1-y)s
a2=St+6S2(1- y)2+15S3(1- yY
a3=-4S2(\-y)-20S3(\-y)3,
a4=S2+\5S3(\-y)2,

ab=-6S3(\-y), ab6=S3
a(2-3p2)-pbi-a) (2)
P2D-P22
226(1- «) -« (1-3/?4)
p\\-p2f
afi-p2f-pA y=UlUa
p\\-p2y ~

In the expressions (1) - (2) the following notation is adopted:

& ~ (Anax Aniii ) ®» “niax »
r=ujum,

UO - the bias voltage, which is taken from the origin (Fig. 2b).

For the averaged current-voltage characteristic a = 0,99077,

P=108, S{=0,9264, S2=4,3615 S3=-52972.

The amplitude of oscillation of the generator is determined
on the basis of the energy balance: the energy absorbed by the
oscillation circuit of the generator must equal the energy given
by the negative resistance.

The power given by the negative resistance is determined by
the expression

PNDR=Upl = U p/R h)SS, (3)

where Up - the voltage at which the loss of energy in the oscil-

latory circuit is compensated due to the negative resistance,
I =Up / Rlass - current in a parallel electric circuit, composed
of negative resistance and loss resistance Rloss. *

In steady state at sinusoidal voltage PNDR is equal to the

power PLess consumed by the oscillatory circuit

" U.,s\n(ot ,
PLOSS = W\]f dt fll mdt = -—----- —_— . (4)

Equating (3) and (4), we obtain
ul K

RLos

where is the amplitude of the generator voltage

V.,="12Ur-
If the working point moves along the falling area of the volt-
ampere characteristic, then the voltage (JI corresponds to the

negative resistance Rgl, and the voltage U2 - Rg2 that allows

you to write the equation

= (5)
U x RgJ R emp- 1

Amplitude sensitivity is determined by the expression (5
given Up = U2 that, then

Cl,m 2%2

KETp . (6)
KNKZ2IKT»-T)

Analysis of expression (6) shows that the amplitude sensitiv-
ity of the generator increases with the approximation of value:

R, to Ranp, but on the other hand it reduces the effect of

higher harmonic components in the voltage of the generator.
In the sinusoidal form of oscillation, the resonant frequent
ofthe generator can also be presented as [7]
/ . tl2

cO. 1— 1 RLOSS (1)

R

a2
where Q is the Q-factor of the oscillatory circuit. On the bas
of (7) the frequency sensitivity is determined to change the re-
sistance of losses
/ \2

Sp=4Q2i . (8)

The frequency response is less, the smaller the values of XYz
resistances Rgl and RIloss. On the other hand, the value of tte

negative resistance should be such as to provide a mode of sel -
excitation of the generator, which means that a small frequent?
sensitivity has a generator that operates near the stability bour-
dary.

I111. Conclusions

Analysis of the obtained analytical expressions showed tha
in order to reduce the nonlinear distortions and frequency shi~
that are caused by these distortions, it is necessary to decree;
the value of the characteristic impedance of the generator circj
by appropriate selection of the point in the decreasing section
the current-voltage characteristic of the transistor structure.

IV. References

[1] Microelectronic sensors of physical quantities. Edited Z.Yu.Hci i
In 3 volumes. - Lvov: League-Press, 2003. Vol.2. - 595 p.

[2] Schaumburg H. Sensoren. - Stuttgart: Teubner, 1992 -488p.

[3] Osadchuk A.V. Microelectronic frequency transducers on the h”:
of transistor structures with negative resistance. Vinnitsa: «Uni>c'-
sum-Vinnitsa», 2000. -303 p.

[4] Vikulin 1.M., Stafeev V I. Physics of semiconductor devices. -M
Radio and Communication, 1990. -264 p.

[5] Osadchuk V.S.; Osadchuk A.V. Radiomeasuring Microelectrorn
Transducers of Physical Quantities // Proceedings of the Interra-
tional Siberian Conference on Control and Communications (SIB-
CON). 21-23 May 2015. Omsk. 978-1-4799-7103-9/15. DC*
10.1109/SIBCON. 2015.7147167.

[6] Ko W.H. Designing tunnel diode oscillators. Electronics, vol -
N6, 1961. P.68-72.

|7] Bening F. Negative resistance in electronic circuits. -M .. SO\ t
radio, 1975.-286 p.

VI Mi>KHapofiHa HayKoBo-npakTnyHa KoHdepeHuia (I MiXkKHapogHWii cumnosiym)
MpakTUYHE 3aCTOCYBAHHS HENIHINHUX JUHAMIYHMX CUCTEM B iHPOKOMYHiKaLisx
9-11nucTonaga 2017p., YepHisui, YkpaiHa



