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Reliability Analysis and Modeling of Power
MOSFET:s in the 42-V-PowerNet

Alberto Castellazzi, Member, JEEE, York C. Gerstenmaier, Rainer Kraus, and
Gerhard K. M. Wachutka, Member, [EEE

Abstrace—This paper analyzes the operation of PowerMOS-
FETs in the 42-V-PowerNet and shows that wery siressful
conditivns are encountered, which can lead to severe reliability
problems. To enable thorough investipations by circuit simuols-
tions an acourate physics-based compact model of the devices is
proposed: it includes all important electrothermal effects relevant
to the deseription of the observed failure mechanisms. By means
of an advanced thermal-modelimg approach, multichip assemblies
can be aceurately deseribed, incoding mutwal heating effects
between neighboring devices. Some properly chosen examples
demonstrate the validity of the model and its usefulness for reli-
ability investigations.

Index  Terms—Electrothermal —effects, modeling,.  power
metal-oxide semiconductor field-effect transistors (MOSFETs),
reliability.

MOMENCLATURE
oy, Diffusion coefficient of electrons [em? s=1).
iy Depth of the body region [cm].
Fq  Band-gap energy [J].
Ig Base current [A].
Igp Breakdown current [A].
fppn  Breakdown current parameter [A] T = Trer = 300K

[Al-
Collector cumrent [A].

Transport-current density [A cm'ﬂ_
Boltzmann’s constant [J K~1).

Virn  Breakdown voltage at T = Thg = 300 K [V].

Vith  Threshold voliage [V].

Vihp  Threshold voltage at T = Trer = 300 K [V].

i3 BJT current gain.

dgrp Thermal coefficient of the breakdown voltage.

T Thermal coefficient of the threshold voltage.

Mo Mobility of the charge carriers at T' = TRhpp = 300 K
[em? vl 571,

e Electron mobility [em?® v~ s~1].

M Hole mobility [em® V=1 571,
[ INTRODUCTION

STEADILY increasing demand for power has recently led
10 a review of the hithero-adopted philosophy for the gen-
eration and distribution of electrical energy in aniomobiles, that
resulted, among others, in the introduction of the 42-V-Pow-
erNet [1]. Ar the heart of this novel concept is the integraed
starter generator (IS(G): a single motor (typically a three-phase
asynchronous maching) carries out the dual function of pro-
viding the required torque for the combustion engine at sgart-up
of hybrid drive operation and of generating electrical power
after the engine has been started. For that to be possible, bidi-
rectional power wansfer capability between the motor and the
batteries must be ensured. That implies the presence of an ac—dc
converter berween the motor and the 42-V power source and of
a de=dc converter between the 42-% and 14-V sides (the pres-

LU T




observed (see Fig. /), and the eventual faslure of the device,
could be reconstructed.

As another example, the device behavior in the thermally un-
stable portion of its transfer characteristic (see Fig. 5) was in-
vestigated. In view of the nature of the problem, a parametric
modeling concept was applied here, with the chip considerad

V. CONCLUSION

MNowvel automotive applications have significantly extended
the spectrum of working conditions for PowerMOSFETs. Al-
though some of the failure mechanisms had been already inves-
tigated in the past for high-voltage transistors, no thorough char-

CASTELLAFTZ] el : RELIABILITY ANALYSIS AND MODELING OF POWER MOSFETs all
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Fig. 17, Simulsied drain corent for the fast-swiiching faillure of the iransisior
due 1o sctivarion of the parasitic BIT.

acterization exists for low-voltage devices, for which quite dif-
ferent conditions apply. In particular, no comprehensive model
stitable for inclusion in circuit simulation and reliability anal-
ysis had been provided yet. The compact-model developed in
this work is descriptive of all significant effects, thus enabling
an accurate and straightforward assessment of the importance of
the most diverse device characteristics, from physical parame-
ters o package parasitics, under any operational condition. Fur-
thermore. the thermal modeling concept applied allows for the
realistic analysis of multichip modules, as are commonly found
in the 42-V-PowerNet.
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