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THE INFLUENCE OF A POTENTIAL BARRIER ON THE MECHANISMS
OF EXCITATION OF OWN FLUCTUATIONS IN RADIO PRODUCTS IN
CONDITIONS OF EXPOSURE TO ELECTROMAGNETIC RADIATION

Abstract. The subject matter is the processes of analysis and the mechanisms of the emergence of their own
fluctuations in the semiconductor complex electro -radio devices (communications equipment), if there are currents and
voltages entrusted with pulsed electromagnetic radiation, the results obtained in the work of the potential barrier on the
border of the semi -conductive structure on the border of the semiconductor (voltage ampere) characteristics of a electro
-radio device. The aim is model of transforming the energy of the flow of charged particles, induced by external
electromagnetic radiation, into the energy of its own fluctuations in the semiconductor structure, taking into account the
properties of the structure itself (heterogeneity of potential at the border). The implementation of this model is due to the
effect of transitional radiation of moving charges, when the particle flow crosses the boundary of the media section with
various electromagnetic properties (dielectric permeability) and part of its energy is transformed into the energy of its
own fluctuations in the semiconductor structure. The objectives are: mechanisms of the strengthening (instability) mode
of semiconductor components of semiconductor devices under conditions of impulse electromagnetic radiation in the
presence of a potential barrier on the boundary of the media of the media. The methods used are the method of theory of
small disturbances, which allows you to determine the spectrum of the own vibrations of the system: the current
fluctuations of the semiconductor device in electromagnetic radiation. The following results are obtained: The interaction
of surface plasmons with the flow was considered charged particles in the presence of a potential barrier based on energy
principle. Kinetic equations have been obtained that determine the change in the number superficial plasmons, expressions
for the increments of their instability with taking into account the size of a potential barrier on the border, which leads to
the appearance of a beam reflected from the border. The results of the work allow you to take into account the contribution
of the reflected and completed component of the energy flow energy into the total energy of the radiation of surface
vibrations. The mechanisms of interaction between the flow of charged particles with the own electromagnetic fluctuations
of two -dimensional electronic gas, the occurrence of which is due to the presence of a potential barrier on the border of
the media section. Conclusion. Determination of the amplification (generation) modes of electro -radio products that
distort their volt are ampere characteristics (reversible failures) depending on the parameters of external electromagnetic
radiation. An analysis of the routes obtained in the work can be used in the development of radio emergency for working
in a millimeter and submilimeter range (amplifiers, generators and frequency converters). Assessment of indicators of the
exponential growth of amplitudes of the own fluctuations of semiconductor components (increement of instability as a
criterion of reversible failures) show that the magnitude of the energy of radiation lies within the sensitivity of modern
receivers of the radiation of the submilimeter range and is the reason for the failure.

Keywords: induced current; electromagnetic radiation; semiconductor components; superficial vibrations; instability of
oscillations.

strengthening the own fluctuations in the semiconductor

Introduction structure - the possibility of transforming the energy of

An increase in the dependence of the operating
capacity of components on the influence of external
factors (in particular electromagnetic radiation) is
associated with the expansion of areas of application and
increasing complexity of tasks, the implementation of
which is assigned to the electro -radio production, which
leads to an increase in their sensitivity [1]. The most
sensitive to the influence of external electromagnetic
fields are semiconductor devices (SMD) and integrated
microcircuits (IM). The failures of these products are
usually associated with electric (the value and
distribution of currents in the structure of the devices)
and thermal (increasing the temperature of individual
sections of the structure) [2]. Therefore, there are a
significant impact on the performance of such a rode of
electro-radio products, stresses in external radiation have.

In particular, one of the reasons for the appearance
of equipment failures is associated with a change in the
volt-ampere characteristics of semiconductor devices-the
appearance in areas of direct current of areas with
negative resistance. The appearance of such sites is
associated with the establishment of the regime of

the flow of charged particles, induced by external
electromagnetic radiation, into the energy of its own
fluctuations in the semiconductor structure. The
amplification mode is characterized by exponential
growth in the amplitude of oscillations i.e. their
instability [3, 4]

In this work, the beam instability of the system of
charged particles was studied - a semiconductor
structure, taking into account the influence of a potential
barrier on the mechanisms of their development.

When considering  the interaction  of
electromagnetic oscillations (surface plasmons) and the
flow of electrons induced by the external EMI in the
work, in addition to the probabilistic approach (kinetic
equations), a technique that allows you to establish a
relationship between the wave functions of electrons on
the border and electromagnetic fields of surface
vibrations.

It involves the use of additional (compared to
electrodynamic) boundary conditions for indignant wave
functions of the beam electrons. At the same time, the
phases and amplitudes of the indignant wave functions of
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the electron are determined by the existing phase and
amplitude of the plasmon, so that the interaction of waves
and electrons of the bundle is determined. The influence
of the border (in particular the presence of a potential
barrier) on the amount of the increment of instability is
determined by the conditions for wave functions.

In the work, expressions were obtained for the
increments of the instability of surface plasmons, taking
into account the size of the potential barrier at the border,
which leads to the appearance of the beam reflected from
the border. The results allow you to take into account the
contribution of the reflected and past component of the
current of the current in the total energy of the radiation
of surface vibrations.

Task solution

Let us consider the interaction of surface plasmons
with a stream of charged particles induced by an external
EMI in the presence of a potential barrier, based on the
energy principle [5].

Let the interface between the media of the
semiconductor structure, the component of the electro -
radio production, be crossed by a quasi-neutral flow of
charged particles (electrons) moving along the axis from
the medium “1” (y<0) to medium (y>0). The potential
barrier at the interface has the form:

U(y)=0;-0<y<Q0;

U(y)=Uq;0<y <o @)

Beam particles are characterized by wave functions
for the incident — ¥, transmitted — ¥, and reflected - W3
and are solutions of the Schrodinger equations in each of
the media and are written as follows:
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the incident, transmitted and reflected particles, V is the
volume of the system, respectively. The transmission and
reflection coefficients for the wave functions are
determined from the boundary conditions for the wave
functions and their derivatives at the boundary [6]:
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The densities of the number of particles and currents

in the beam are, respectively,
Jyl + Jy2 Jy3

If the beam of particles incident on the boundary has

a speed
hk
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then we get the following relations
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Let us determine the Hamiltonian of the interaction

int
H (int of surface plasmons with a stream of charged
particles as follows [6]:
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Let us represent the operator of current density 6;
in terms of the operators of creation bk and annihilation
of electrons. j(r,t).

For incident, transmitted and reflected beam
electrons, the current density j(r,t) operator has the
form:

. eh
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where BI(t) = BI exp(iwt); Bk t) = by exp(—imt) .

The components of the wave vectors ki' are

interconnected by relations (3).
The current densities created by the electrons are
written in terms of the diagonal matrix elements of their

operators:
Ti=<”ki ‘j|nki>:

(ngi ||y ) — state vectors; <nk, > Sikroon;

(10)

i = (011) -

the number of electrons in the state ki.
The interaction Hamiltonian can be written in terms

H (int)

of the matrix element Wk(_i)k_i , as follows [7]:
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The square of the matrix element of the probability
of transitions between states k — k for incident,

transmitted and reflected particles determines the change
in the number of plasmons with time. The matrix element
describes the process of forward scattering of an electron
in the course of its movement, if the wave vector ky,
coincides in direction with the wave vector k. If these
vectors are opposite, then the backscattering process
takes place.

From expressions (11-13) it can be seen that the
matrix elements satisfy the condition of reversibility of
direct and reverse transitions:

W(') —W(I)
ki-gky Ky
Taking into account the processes of emission and
absorption of plasmons in each medium, we obtain a

kinetic equation describing the change in the number of
plasmons Ngq in a state with a wave vector g:
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The change is caused by the interaction of the
plasmon field with incident transmitted and reflected
particles.

When only the processes of induced emission and
absorption of waves by particles are taken into account,
it is possible to determine from equation (14) the
increment (decrement) of plasma oscillations

1 dNg
y=———2

Nq >>1.
2N dt

Let the incident, transmitted and reflected particles
be described by the Maxwell distribution function, the
maximum of which is shifted to the point Ko; .

_ N (27h)™ (27rh)
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where T — electron temperature noi- density of particles in
the beam. If the plasmon energy is greater than the energy
level width, ho >>T ,
then

N = (27)° 6 (kiy —koy )3 (ke ) (k).

Thus, in equation (14) it is possible to sum up
over all states of particles at a small width of the
energy level of the electron beam compared to the
plasmon energy.

As a result, we obtain the value of the increment
expressed in terms of the matrix element in the following

form:
27rmV ZZ‘W(I)‘ Moy (k k2 ) . (16)
kiy i=3 - (k k|2+)
where ki2+ (ko, Z?wj%

Summation over positive and negative values of
the wave vector describes the processes of electron
scattering forward and backward with respect to ki , and
the value of the matrix element is taken at the points k;
= (0, koi, 0),

If the phase velocity of the wave exceeds the
velocity of the particles and the energy of the electron
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exceeds the energy. plasmon then, replacing the
summation in formula (16) by integration, we obtain the
increment value:

noLVe 3 ‘W(i)‘z
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hm 5 g

where vp3 =V, Substituting the values of the matrix
element, we finally find
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is the transmission coefficient, R = ﬂk201 — reflection

coefficient of particles from the barrier.
Formula (18) was obtained in the approximation:

Eki —UO >> ha)q .

It is seen. that the increment does not depend on the
sign Uo.

Analysis

Let us present a comparative analysis of the
obtained results with the existing ones [8, 9].

If we put Uo = 0 then from the formula (18) we get
the increment

_ 603|Qx|‘/01
y=—

w& (¢01+¢02)

It is half the increment obtained in [8].

This result is related to the fact that in the absence
of a potential barrier, initially the states of electrons in the
media “1” and “2” are coherent, and when the matrix
element of the interaction energy operator is found, the
electrons are described by one wave function. In the
expression for the increment, the matrix elements in the
environments “1”” and “2” are added.

In the presence of a potential barrier, the wave
functions in the media are different and the squares of the
partial matrix elements are added, which leads to the

indicated decrease in the increment.
If the plasmon energy is less than the width of the
electron energy level

p2
—>>T > hw,
2m

then the number of electron states are related k ; k) by
the relation:

In this case, surface plasmons decay upon
interaction with a stream of charged particles, since the
phase volume occupied by particles upon absorption of
plasmons exceeds that of radiating particles.

Conclusions

The mechanisms of occurrence of reversible
failures of products of semiconductor components of
electrical and radio products under the influence of third-
party pulsed electromagnetic fields have been studied. It
is shown that the presence of a current induced by
external radiation leads to the establishment of a mode of
amplification of natural oscillations of semiconductor
components of a radio product (reversible failures).

A Kinetic equation is obtained that describes the
change in the number of surfaces plasmons during their
interaction with a stream of charged particles crossing the
interface between media with an inhomogeneous
potential.

The solution of the kinetic equation is given, which
makes it possible to determine the influence of the barrier
value on the increment of instability of surface
oscillations. Obtained contribution to the growth rate of
the transmitted and reflected components of the particle
flux.

The mechanisms of influence of the potential
barrier at the interface between the media of
semiconductor components of radio products on the
interaction of flows of charged particles induced by an
external EMR and surface electromagnetic oscillations
are established. Surface plasmons are considered as
objects of research.

Calculated relations are obtained that relate the
value of the increment instabilities (criterion of reversible
failures) with the magnitude of induced currents and the
parameters of semiconductor components of radio
products: the dimensions of the structure and the
magnitude of the potential barrier.
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Bnuius noreHuiifHoro 6ap'epy Ha MexXaHi3MHU NOPYLIEHHS BJIACHUX KOJIUMBAaHb PalioBUPOGIB
B YMOBaX BILIHBY €JIEKTPOMATHITHOTO BUNPOMiHIOBAHHS

A. A. Cepxos, B. C. bpecnagenp, FO. B. bpecnaseus, 1. B. SIkoBenko

AHoTtauis. IIpeamMeToM JOCJIiKeHHsI € TpoLeC aHANi3y MeXaHi3MiB BUHUKHEHHs HECTifKOCTell BIaCHHMX KOJMBaHb
HaIiBIPOBITHUKOBHX KOMIUIEKTYIOUHX €JIEKTPOPaIioBUpOOiB (arapaTypH 3B'13Ky), 32 HAsIBHOCTI CTPYMIB i HAIIpyT, HaBEJCHUX
IMIyJIbCHUM €JIEKTPOMAarHiTHUM BUIIPOMIHIOBaHHSM. elleKTpopaaioBupobu. MeTolo qocizkeHHs € Mojaenb TpaHchopmaii
€Heprii MOTOKY 3apsUKEHUX YaCTHHOK, HaBEICHOTO 30BHIIIHIM €JIeKTPOMArHiTHUM BUIIPOMiHIOBAHHSIM, Ha €HEPril0 BIACHUX
KOJIMBaHb HAMiBIPOBIIHUKOBOI CTPYKTYPH 3 YPaxyBaHHSIM BJIACTUBOCTEH caMoi CTPYKTypH (HEOJHOPIAHOCTEH MOTeHIIaNy Ha
kopzoHi). Peanizamis naHoi Moneni o6ymMoBiieHa epeKToM HepexiTHOro BUIIPOMIHIOBaHHS 3apsIiB, 0 PyXarOThCs, KOJIU MOTIK
YaCTHMHOK MEepPeTHHAE MEXY pO3ALLY CEepeIOBUIN 3 PIi3HUMH €JIEKTPOMArHITHUMHU BIIACTUBOCTSAMHU ([IiCICKTPHYHOIO
MIPOHUKHICTIO) 1 YaCTHHA 0ro eHeprii TpaHCc(OPMYEThCS B €HEPrito BIACHUX KOJIMBaHb HAMIBIPOBIIHUKOBOI cTpykTypu. Llimi
TaKi:: MEXaHi3MH PeKUMY MOCUICHHS (HECTIMKOCTI) KOJIMBAHb HAamMiBIPOBiIIHUKOBUX KOMIUIEKTYIOUHMX HAIiBIIPOBIIHUKOBUX
MpWIAZiB B YMOBaX BIUIUBY IMITyJIbCHOTO €JEKTPOMArHiTHOrO BUIIPOMIHIOBAaHHSI 32 HAsBHOCTI MOTEHLIHHOTO 6ap'epy Ha Mexi
PO3Iiy CepepoBHIL, 0 KOMIUICKTYIOTh BHPiO. MeToau, 0 3aCTOCOBYBAJIMCH NMPH JOCHIUKEHHi: MeTOx Teopil Mammx
00ypeHb, L0 T03BOJSE BH3HAYMTH CHEKTP BIACHHX KOJMBAHb CHCTEMH: HABEACHI SICKTPOMATHITHHM BHIIPOMiHIOBAHHSIM
CTPYMH - BJaCHI KOJHMBaHHS HAaMmiBOPOBITHUKOBOro mpuiaany. OTpHMaHO Taki pe3yiabTaTH: PO3rIsHYTO B3a€EMOJi0
MOBEPXHEBUX IUIA3MOHIB i3 MOTOKOM 3apsIXKEHUX YaCTHHOK 32 HAsBHOCTI MOTEHIIITHOTO Gap'epy, BUXOSIUM 3 CHEPreTUIHOTO
npuHnuny. OTpUMaHO KiHETHYHI PIBHSIHHS, 110 BU3HAYAIOTH 3MiHY YHCIIa TOBEPXHEBHUX IUIA3MOHIB, BUPA3H s iIHKPEMEHTIB
X HECTIHKOCTeW 3 ypaxyBaHHIM BEIHYUHU MMOTSHIIIHHOTo Oap'epy Ha KOPIOHI, IO MPU3BOIUTD 10 MOSBU BiJOUTHX Bif MEXi
JaCTHHOK My4ka. Pe3ynbraTé poOOTH JO3BOJSIOTH BPaXOBYBATH BHECOK BIiZOWMTOI Ta MHHYJIOI KOMIIOHEHT €HEpril MOTOKY
YaCTHHOK Yy CYMapHy €HEpril0 BUIPOMIHIOBAHHS I[IOBEPXHEBHX KOJHBaHb. JIOCIIIHKEHO MeXaHi3MH B3a€MOIl MOTOKY
3apsIUKEHUX YaCTHHOK 13 BITACHUMH €IeKTPOMArHiTHUIMH KOJHBAHHAMH IBOBHMIPHOTO EKTPOHHOTO ra3y, BUHUKHEHHS SIKOTO
00yMOBJICHO HAsBHICTIO MOTEHIiTHOTO Gap'epy Ha Mexi Moty cepeloBull. BucHoBKH. BuzHaueHHS peXUMIB HMOCHICHHS
(reHepaliil) KOMUBAaHb ENEKTPOPATiOBUPOOIB, 10 CHOTBOPIOIOTH IX BOJBT - aMIIEPHI XapaKTEPUCTHUKH (3BOPOTHI BiIMOBH)
3aJIe)KHO BiJI MapaMeTpiB 30BHIMIHBOTO eIEKTPOMATHITHOTO BUIPOMiHIOBaHHs. AHAII3 pe3yabTaTiB, OTPUMAaHUX y poOOTi, MOXe
OyTH BHKOPHUCTAHUI TPHU PO3poOIi paaioBHpOOIB, IO TMPALIOIOTh Yy MITIMETPOBOMY Ta CyOMiliMETpOBOMY [iama3oHi
(migcunroBaviB, TeHEpaTOpiB Ta MepeTBoproBadiB 4yacToTH). OLIHKK MOKA3HHUKIB €KCHOHEHIIITHOTO 3pOCTaHHS aMILTITY/]
BJIACHHUX KOJIMBaHb HAMIBIPOBIIHUKOBHX KOMIUICKTYIOUMX MOpHIaAiB (IHKPEMEHTY HECTIMKOCTiI K KPHUTEPil0 00OPOTHUX
Bi[MOB) MOKa3yIOTh, IO BEIUYHWHA EHEpril BHUIPOMIHIOBAHHS JIGKUTh y MeEXKax YYTIMBOCTI Cy4YacHUX MpHIMadiB
BUIPOMIHIOBAHHSI CyOMIIIMETPOBOTO Aiana3oHy i € MPUYNHOI BUHUKHEHHS BiJIMOB.

KiawuoBi ci10Ba: HaBeJCHUII CTPYM; €IEKTPOMArHITHE IMITYJILCHE BUTIPOMiHIOBAHHS; HAITIBIPOBITHUKOBI KOMIUIEKTYIOUi;
MMOBEPXHEBI KOJMBAHHS; HECTIMKICTh KOJIMBAHb.
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