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The linear heat model of degradations of semicon-
ductor devices under pulsed electric overloading has
been constructed. Expressions for temporal dependen-
ciesof thetemperature under different forms of pulse of
current are obtained.

The thermal degradations are one of the general rea-
sons of refusal of radioel ectronic equipment (REE) un-
der pulsed electrical overload. The special danger pre-
sent heat overloading of semiconductor devices, which
forms the element base of REE. For determination of
critical levels of energy, that lead to arising the thermal
damage, use linear heat model, adjusting the depend-
ency an threshold power of thermal damage on duration
of square-wave form pulse therma overloading in the
manner of

Py /S= By (T; -T) 0=, (1)

where S- p-njunction area, By = ‘/kaGC - constant,

defined by thermal parameters of material, Ti, Té - ini-
tial and final temperature of material accordingly [1].
As a degradation effect it is possible to understand any
phenomena, adjusting to change the semiconductor de-
vice characteristics at achievement of thetemperature of
junction Té. So, if asfinal temperature the melting tem-
perature of semiconductor is considered, then degrada
tion effect revealsitself in the manner of junction pene-
tration and irreversible damage of semiconductor de-
vice. The vdue wg=B,(TsT;) (W-B constant) character-
izes the susceptibility of semiconductor device of dif-
ferent typesto thermal overloading.

To determine the temporal dependencies of semi-
conductor temperature under arbitrary pulse form of
electric overloading it is possible to get following ex-
pression by means of Dhuamel integral [2]

TM=Ti+ o°( )d(t [Hrt- 0t

where H(r,t)- transent response, representing the
reaction on electric overloading in form of unit-step
Heaviside function; Uj and Rp - parameters of

equivalent scheme of semiconductor sample (fig.1.);
P(t) - instantaneous power of electric overloading un-

der current flow i(t) :
P(t)=i(tU j +i2(®Rp - 3)

Using (2), will get for overloading in the form of
square-wave pulse by height Ry

T(t)=Tf +Po[H(r,t)- H(r,t- t)], (4)

or for normalized temperature with account (1)
t
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Fig.1. The equival ent scheme of semiconductor sample.
[<p:¥n |- depletion region; |Xq,xp] and [, X2] -

quasi-neutral regionsof semiconductor; Rp and R i

accordingly resistance of quasi-neutral and depletion
regions; U j -p-n junction voltage.

The expression (5) allows enough simply to derive
formulas for temporal dependencies of semiconductor
sample temperature sample under arbitrary forms of
pulse of current with duration tg [3]:

1. Thesguare-wave pulse:
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where D(x) =e” X c‘pv dv - Douson integral [2].
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4. Sine-wave pulse
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The graphs of temporal dependencies of normalized
temperature for pulses of different form shown onfig.2.
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Fig.2. The dependencies of thetemperaturefor different
pulse forms. square-wave - 1, exponential - 2, sine-
wave - 3, and triangular - 4

For estimation of temporary features of heat process

in semiconductor value tT :% 12 named thermal
T

relaxation time constant, is introduced. HereL - typical

size of energy-deposition region. Constant tT is con-

nected with constant W-B by expression

wg =kTT (Te - To)/ptr . (6)

In linear model principle super-positionsiskept, i.e.
each following pulse deliver an additional heating of the
element, and final temperature formsfrom separate por-
tions of energy, delivered by separate pulses. The de-
pendency of power, which required for realization heat
damage under action of pulse sequence, possible gets by
means of (2):

WRS

p|. = ' (7)

(s - T)A M6 - Da+ty)- H(r G- D)
i=1

where q - pulsetime cycle, N - number of pulsesin the
sequence.

As it can be seen from (7), if the pause between
pulses has enough duration, so process a thermal con-
ductivity establishes uniform heat distribution in mate-
rial, and power of single pulsereadlizeinsignificant hea-
ing, then the stationary processis fixed in medium, and
heat degradations do not appear. But if each following
pulse provides the increase of background temperature,
that, eventually, as a result of actions of series N of
pulses a melting temperature of materia is dtained.
Temporary diagrams of heating process due to sequence
of square-wave pulses of power are shown in fig.3.
Each pulse with height P, can be presented as the dif-
ference of Heaviside functions, acting at moments of
time ng and n(q+ty), where q - pulse time cycle,.
n=012... "Negative power" corresponds to the semi-

conductor cooling down process during the pause be-
tween pulses in consequence of thermal conductivity
process.

If the temperature at moment of completion of pulse
reaches value of fy, then to starting of following pulse
remaining temperature corresponds to value f(q).

Herewith for achievement of the temperature of melting
f, = 1 asaresult of actions N pulses, it is necessary to

satisfy the condition NDf =1, where Df - increase of

the temperature during one cycle. When the temperature
of heating corresponds to vaue f,,, and in pause ke
tween pulses occurs cooling down process to starting
temperature, as a result the stationary process estab-
lished.

The expression (1) is got for adiabatic heating re-
gime of semiconductor under the action of short-pulse
overload. In linear model is expected that current flows
through section less, than real size of junction section
[1]. The threshold current value, which is sufficient for
heat overloading, may be calculated using estimation of
time t; that required for realization thermal overload,
which are got from (5)

ty
L o) ——t_gt=1; )
25w 0 ty -t dt

From these expressions, using also (3), possible get
values of maximum current or average power of pulse,
under which occur the thermal degradation.

The examples of typical dependenciesthreshold cur-
rent of overloading on time of achievement maximal
temperature shown on fig.4 for exponentia and triangu-
lar pulses. The numerica calculation shows that for
exponential current the damage approach in narrow

range of pulse duration 0,653< /2ty /ta <0,924; for
triangular current thermal degradation occur on trailing

edge of pulse /2t /t, >1184.

0. (8)
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Fig.3. The temporary diagrams of semiconductor heating by sequence of pulses.
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Fig.4. Dependency of threshold current of thermal damage on time of heating toe maximum temperature (the trian-
gular pulse of current - line; the exponential current - dot [2]).

The localization of current resultsthe effect of heat
localization, that forms the base of nonlinear model of
thermal breakdown of semiconductor [4,5]. In this case
nonlinear equation of thermal conductivity results to
sharpening regime, for which are executed the condition

f(t)® ¥, under t® tg, i.e. during finite time gap

possible achievement of infinite temperature in local

areas of medium. In [4] is shown that one of the general
reasons of arising the sharpening regime is uniformly
distribution of starting temperature of sample, increas-
ing in consequence of semiconductor conductivity rising
advance of its thermal conductivity under current flow-
ing and Joules heating of semiconductor. Besides, in
extrinsic semiconductor possible determination of non-
uniform bulk resistance, that resultsthe effect of current
filament aready on initial stage of shaping thermal

structure [6,7].

As aresult of analysis of processes semiconductor
elements heating the temporary dependencies of the
temperature of sample under pulsed current loading are
got. It allowsto define the critical regimes of operation
REE and take into account them under defining of rea
sons of refusals and studies of questionsto electromag-
netic compatibility.
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