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Table 1. Thermal parameters of materials at melting point.

SH

M
k) Wem—L.K~1 p/kgm~3 Cp/J kg 1K1 D/m2.s71
GaAs 7.123 5170 368 3.76 x 10~6
Si 22 2533 713 1.22 x 102
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Fig. 1. (color online) The central temperature in hot zone of GaAs device versus time.
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(color online) Failure power of GaAs device
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Abstract

In order to analyze the influence of frequency on thermal breakdown in semiconductor device, the influences of
frequency on heat generation and heat conduction in the hot zone are introduced into the theoretical model. The heat
transfer equation is solved by the Green’s function method, and the error function is approximated. Then, the expressions
of temperature in the hot zone and failure power of semiconductor device including frequency and pulse width are derived.
The change rules of failure power with the increasing of pulse width under different frequencies and with the increasing
of frequency under different pulse widths are obtained. The result shows that the expression for center temperature in
hot zone caused by the failure power is divided into four time regions, i.e., regions I-IV, by three thermal diffusion times
ta, tv, and t.. The three diffusion times ¢q, t», and t. are related to the side lengths a, b and ¢ (¢ < b < a) of the hot zone
represented by a rectangular parallelepiped, respectively. In region I (0 < t < t¢), the relation between failure power
P; and failure time t is Pr o< t~'. In this region, the failure time is short and little heat is lost from the surface of hot
zone so that the adiabatic term (¢7') dominates. In region IT (t. < t < t3), the relation between failure power P; and
failure time ¢ is P; o< t~/2. In this region, it is indicative of heat loss from the hot zone to its surrounding medium. In
region III (¢» < t < ta), the relation between failure power P; and failure time ¢ is Pr o< 1/In¢. In region IV (¢ > ta),
the failure power Pk is constant. In this region, the failure time is very large and thermal equilibrium can be established
so that the steady state term dominates. The relation between failure power and frequency is divided into two parts. In
part one, the failure power increases with the increasing of frequency; in part two, the failure power is nearly constant
with the increasing of frequency. Meanwhile, the physical interpretation of the influence of frequency on failure power is
given. From region I to region IV, each heat transfer rate increases with pulse width. The lower the frequency, the more
the injection energy during region I or region II is, when the total injection energy is constant. The heat transfer rate is
slower in region I or region II, so the energy converted into heat will be more and the temperature in the hot zone will

be higher, thus the device is burned out easily.

Keywords: thermal breakdown, frequency, pulse width, theoretical analysis
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