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The paper presents a model taking into account the time character of heat localization and distribution in semi-
conductor devices unlike the classical Wunsch-Bell linear model describing the thermal mechanism of EM-radiation
action on REA. The classification of action levels is given. The nonlinear model permitting to determine the time
boundary of heat propagation in the semiconductor device is presented. In the time range t>t. a uniform volumetric
heating of the object takes place, and for t<t. there is a heat localization in the range of energy release due to the lag
of the heat dissipation process behind the energy input process. Taking this into account one determines the energy
leading to irreversible results of action. The model allows one to determine the feeblest aspects of REA.

PACS: 61.80.-x

1. INTRODUCTION

Experimental studies of the electromagnetic stability
of radio-electronic apparatus (REA) are concerned with
the methods of destructive control under which in the
objects the irrevercible processes take place that makes
impossible their further use. In some cases the results of
such investigations have a unreasonably high cost. One
of possible ways to reduce the expenses is the mathe-
matical modeling of the processes of failure in REA ele-
ments and components and construction of the experi-
mental device capable to reproduce the acting electro-
magnetic pulse that permits to decrease considerably the
number of experiments [1,2]. In the paper the authors
consider the main aspects of modeling of the thermal
mechanisms taking place in radio-electronic compo-
nents under action of electromagnetic fields (EMF) of a
short duration.

The processes taking place in REA are identical to
the processes of elastic strain: elastic strain— REA fail-
ures occur in the time of pulse action t,; residual strain —
REA failures are much longer than the time of pulse ac-
tion t, “glare”, and catastrophic processes when burning
of REA element occurs.

2. MAIN PART

As is known, to consider the processes taking place
in REA under action of pulsed EMF the classical linear
Wunsch-Bell model (W-B model) is used [2]. It makes
it possible to calculate the threshold power of failure
(TPF) in semiconductor devices at pulses of duration
£ 107 s. Extension of the time region, for which the lin-
ear thermal model is valid, allowed one to obtain the
general expression for TPF in the form [3]

£
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where po is the minimum threshold power of failure; t.is
the critical duration of failure pulse.

Parameters of the model po and t. have a certain
physical meaning, So, from (1) it follows that P,—>P,,
i.e. TPF tends to the value of a minimum threshold pow-

er as the duration of action increases. The value t. has a
meaning of a time constant of thermal process duration

F,= (1)
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and is the characteristic of the object being affected, i.e.
it shows the time limit beginning from which one
should take into account the time lag (inertia) of thermal
processes. In the range of times t > t. there is a uniform
volumetric heating of the whole object, and for t<t.
there is a heat localization in the range of energy release
due to the lag of the heat dissipation process behind the
energy input process. The values py and t. calculated in
the Sestroretsky model [4] are expressed in terms of the
thermal-physical parameters of the semiconductor:
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where C,, p, k. are the thermal capacity, the density and
the heat conduction of semiconductor material, respec-
tively; Tmax is the maximum temperature of the semicon-
ductor overheat at which the loss of physical properties
takes place Generally as Tmx one chooses a melting
temperature of material (for silicon Tnn=1415 C°).L is
the characteristic size of the energy release region; Dy,
is the coefficient of thermal diffusion.

The results of calculations for silicon of [4], lead »o
to the form py =2.67 TwmaS/d [BT], where S and d are the
cross-section and the length of the semiconductor speci-
men.

The known results of calculations of failure charac-
teristics (constant of failure in semiconductor devices

Bi=4Tk 1pC, ) and the results of testing the stability of

REA components are given in table 1 [2,5,6,7].

The time dependences of TPF are given in Fig.1
where the points with the abscissas t=t. are marked with
arrays.

Type of semicon- Value of B; [kW-us"*-cm?
ductor device Minim Max | Typical
value va- | value
lue
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Diodes:
rectifier diodes 0.5 20 3
commutating diodes 0.01 1.0 0.1
stabilitrons 0.1 10 10
point diodes
RF 5-10* 0.1 0.01
Transistors: 3-10* 3-10%7 | 3-10°
high-power 0,2 0,5 1
low-power 3-10° 2 0,1
switching 0,02 0,3 0,1
gerrmanium 0,02 1,0 0,2
IS (input-casing sig- 3-10° 0,2 0,1
nal)
P(z)l
ey
10
10°
10
|
10?1 w7 1o L5

Fig.1. Threshold power of action as a function of
the time:
1-rPo=1.5 mW; t.=2.5 ms; 2—po=0.8W; t.=0.125 ms;
3—pry=10W; t.=20 nc;
4—pry, t.=3.33us

When calculating the threshold energy of failure by the
pulsed EMF one should take into account that Equation
(1) describes not an instantaneous value but the value of
the threshold power level at different time values neces-
sary for realization of the action effect. Then the energy
W,is expressed via the product, not the integral, i.e.

Byt
w,= —X T
1-e’"

Dependence of the threshold energy of failure (TEF)
on the time of pulsed EMF action is given in Fig.2. It is
seen that in the region of small times TEF tends to W,
=py t. that is a low energy limit of the thermal model of
failure. However, this value is not absolute energy limit,
as it is known [7.8] that at subnanosecond duration of
actions there begins to develop a nonthermal mecha-
nism of failure the characteristic times of which are con-
siderably less than the time of thermal relaxation of a
semiconductor (for example, the characteristic time of
the nonthermal process can be the change of the dielec-
tric permeability or specific conductivity of material [8].
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Fig.2. Dependences of the threshold energy of failure
(4) (parameters corresponds to the plots of fig.1)

3. DISCUSSION OF RESULTS

So, the duration of action t=t.is a critical point of the
choice of a minimum action duration for development
of the thermal mechanism of failure. When the time of
action duration increases, the character of the depen-
dence is determined by the value t. Thus, for curve 1
and 4 the threshold energy of failure remains almost
constant if ¢ changes by three orders of magnitude.
However, the failure power also increases by three or-
ders with time decreasing (Fig.1, curves 1,4). From this
the important conclusion follows that shortening of the
action duration with simultaneous increase of the power
does not lead to the significant gain in the energy
threshold of failure. At the same time, it is known that
realization of nanosecond ultra-high-power electromag-
netic radiation sources constitutes a rather complicated
engineering problem. So, as an estimation of the time of
required electromagnetic action duration one may con-
sider the value t.. Exceeding of this value leads to the
zone of the constant power of failure.

Intersection of TEF curves in plots 1 and 2 allows
one to determine definitive conclusions on the electro-
magnetic stability of a complicated system.

So, if the dependences in Fig.2 characterize TEF of
elements or components of the system, then the point of
their intersection characterizes the critical value of the
action duration and the value of TEF at which the fail-
ure of some elements can take place, and, consequently,
the failure of the whole system will be more probable.
Note also, that in the case of transition from the time re-
gion on the left from the point of intersection of TEF
curves to the right region, the relation between TEF ele-
ments (compare curves 2 and 3) changes. It is condi-
tioned by the mechanism of the heat conductivity of
structure elements 2 and 3 in the region of large and
small times and by the values of initial TEF at #= 0. On
the left from the intersection point the heat conductivity
has not time yet for compensation of the initial differ-
ence at values w, even despite some increase of the ac-
tion duration with corresponding PTF decrease in Fig.1.
In transition across the intersection point the heat con-
ductivity becomes the determining mechanism of ener-
gy distribution in the structure of elements, and for fail-
ure of the element 3 characterized by the higher value of
the coefficient of thermal diffusion Dy a higher energy
value is required at one and the same time #.
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MOJIEJIJMPOBAHUE TEILIOBOI'O MEXAHU3MA B ITIOJIYIIPOBOJHUKAX ITPU BO3JEACTBUAA
NMITYJIbCHBIM 2JIEKTPOMAT'HUTHBIM IIOJIEM

B.U.Yymaxoe, H.U.Cnunuenko, A.B.Cmonapuyx, A.M.Ezopos, I0.D./lonun

B pabote, B oTiM4Me OT KilacCHUECKOM JIMHEIHOM Moaenn ByHua-beruia, onuchiBaroniel TeIIoBoil MeXaHU3M
BrustHAA DM-m3mydenust Ha POA, mpennaraercs Moelb, YIUTHIBAOMIAs BpEMEHHOM XapaKTep JOKaIH3aluy 1 pac-
MPOCTPAHEHHUS TEeIla B MOIYIPOBOJHHUKOBBIX Mpubopax. Jlaercs kimaccudukaius ypoBHel Bo3zaericTBus. IlpuBo-
JUTCS] HeNIMHEWHAast MOJIeTIb, KOTOpast TO3BOJISICT ONPEEINTh BPEMEHHYIO TPaHHIly PaclpOCTpaHEHUs Terla B MOIy-
MIPOBOAHMKOBOM Nprbope. B nnamazone BpeMeH t>tkp MMeET MECTO OJHOPOAHBIN 0OOBEMHBIN pa3orpeB 00bEKTa, a
npy t<tKp IPOUCXOJUT JIOKAIU3aLKs TeIIa B 001aCTH YHEProBhIJEIICHNS BCIIECTBUE 3ara3AbIBaHus Mpoliecca Tell-
JI0OTBOJIA OT IpOIlecca PHEProBBOJa. VIcXons U3 3TOTO, ONpEeIseTCsl SHEPT s, IPUBOIAIIAS K HEOOpaTHMBIM pe-
3yJIbTaTaM BO3JEHCTBUS.

Mognens mo3BoJIAET ONpeAeTuTh Haubosee ciadble Mecta POA 1 mo3BonseT ynpocTUTh 3KCIIepUMEHTAIbHEIE HC-
MIBITAaHUA DJIEMEHTHO 0a3bel 1 POA B mienom.

MO/JIEJITIOBAHHS TEIIJIOBOI'O MEXAHI3MY B HANNIBIIPOBIJTHUKAX ITPH I IMITY TbCHUM
EJEKTPOMATI'HITHUM INOJIEM

B.I.9ymaxoe, M.I.Cninuenxo, A.B.Cmonapuyk, O.M.€zopos, 10.D.Jlonin

B po6orTi, Ha BigMiHy BiJ KiIacH4HOI JiHiHHOI Mojeni ByHua-benna, sika onucye TerioBuid MexaHi3M BIUIUBY
EM-BunpomintoBanas Ha PEA, mpomnoHyeTrbcss Mozeinb, IO BpPaxOBy€ YacOBMH XapakTep JIOKamizamii Ta
PO3MOBCIOKEHHSI TeIJIa B HAIliBIPOBITHUKOBUX NpPUCTPOsiX. JlaeTbes knacudikaris piBHiB BruinBy. [IpuBoauThCs
HeJliHIHA MOJieNb, SIKa JI03BOJIIE BpPaxXOBYBATHM 4YacOBY MEXY PpO3MOJUICHHA Telja B HaIiBIPOBIIHUKOBUX
mpuctposix. B macmTabi "acy t>t,, Mae MicIe OJHOpIAHHN 00’€MHHH PO3irpiB 00’€KTy, a mpH t<t,, Mae Mmicie
JIOKaJi3amis TeIula BHACHIAOK 3alli3HEHHS TMPOIeCy TEIJIOBIABOAY BiJ TPOLECY €HEeproBBOxy B oOmacTi
€HEeproBUAITICHHS. BUXOISUM 3 IHOTO BU3HAYAETHCS €HEPTis, 10 MIPUBOJUTH JI0 HE3BOPOTHUX HACIHIAKIB Iii.

Mopens mo3BoNsie BHU3HAUATH HaiiOumpmm cinabki micus PEA 1 103BONS€ CIPOCTHTH eKCIIEPUMEHTAIbHI
BUIpOOyBaHHs eneMeHTHOi 0a3u PEA B minomy.
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