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ABSTRACT

An extremely rugged technology has been developed for ultralow Rpseny applications. This
paper describes a methodology of guaranteeing repetitive avalanche performance as long as
maximum operating junction temperature, Tjwmax), IS NOt exceeded. Thelow RpsenyA product and
the inherent ruggedness of the technology, qualified to the Q101 quality standard, make it
particularly suitable for automotive 42V bus applications. This paper specifically looks at the 42V
integrated starter-alternator design and the impact of it’s ar chitecture on the performance of 75V
power MOSFETS.

1. INTRODUCTION

The increase in power requirements in today’s automobiles has forced auto manufacturers to
consder higher supply voltages. The generd trend is to move from the 14V bus towards a combined
42/14V bus. It is thought that high power loads (Electric Power Steering (EPS), Integrated Starter-
Alternator (ISA) and Anti-lock Brakes (ABS), etc.) will run from the 42V bus, while some of the lower
voltage systems (windshield wipers, power windows, etc.) will still run from the regular 14V rail. These new
developments will place increased ruggedness requirements on today’ s power MOSFETSs.

In tandem with the improvements in automobile design, power semiconductors have adso been
improved, trending towards lower Rogony @nd improved power handling. These technology advances have
resulted in power semiconductor manufacturers making smaller die szes for a given Rogon), giving rise to
lower cost and reduced size and weight, but aso the undesirable effects of increased power densties and
therma resistances. Hence today’s devices have achieved improved performance, but need to be even
more rugged than before, and are sometimes required to withstand repetitive high voltage transents
generated by di/dt and paragitic inductance. In fact, in the case of the integrated sarter-dternator (1SA),
75V devices may even experience repetitive avalanche conditions during norma operation.
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Internationa Rectifier has followed the above semiconductor trends and has developed an
extremdy rugged technology suitable for automotive applications of the future. The technology maintains
ultralow Rogony and is qudified to the Q101 qudity standard. The extreme ruggedness is demonstrated by
guaranteeing the devices survive repdtitive avalanche conditions under most circuit conditions, provided
Tymax) 1S NOL exceeded.

This paper fird introduces the technology and failure mechanisms. It then gives a brief summary of
the device requirements for a 42V 1SA design. The ruggedness requirements and the methodology behind a
repetitive avalancherating are then described.

2. DEVICE TECHNOLOGY AND FAILURE MECHANISMS

The technology has dready been briefly introduced in a previous paper [1]. The devices are
fabricated on an advanced planar stripe design, as opposed to a cell design (see Figure 1).
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Figure 1. Planar stripe versus planar cell design. Note that both photos are to scale.

The planar gtripe design significantly reduces, in fact dmogt diminates, the likelihood of parasitic bipolar
turn-on in the MOSFET. In Figure 2 we can see that parasitic bipolar turn-on can occur if alatera current
flow under the N+ source causes a voltage drop sufficient to forward bias the N+ source/P- base emitter
junction (~0.7V). This can usualy be avoided by shorting the N+ source to the P- base and minimizing the
sheet resstance of the latter. However, in a cdl design, if even one N+ source contact is poorly contacted,
the resulting floating source is likely to cause the N+/P- junction to become forward biased, resulting in turn-
on of the parastic bipolar. In the case of a stripe design, the contact is opened aong the entire length of the
stripe (equa to the width of the die), so the N+/P- short is dways present along some point of the stripe.
Hence the N+ source is never floaing in this case, virtudly diminating the likelihood of paradtic bipolar
turn-on.
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Figure 2. Power MOSFET cell cross-section, illugtrating paragitic bipolar.

The new generation planar dripe FETs are therefore virtudly immune to failure by turn-on of the
paragitic bipolar. Therefore, it can be assumed that failure of the FETSs is purdly a therma phenomenon,
limited by the maximum junction operating temperature, Tyway. Thisis verified and expanded in detall in the

latter part of the paper.

3. THE 42V INTEGRATED STARTER-ALTERNATOR
As power requirements have increased in the automobile, it has become clear that the standard 14V
bus is inadequate. Therefore, in order to meet the new power requirements, there has been atrend towards
a 42V bus. A 42V integrated Starter-dternator (1SA) has been one of the results of this trend, where the
exiding darter-motor and dternator are replaced by a single machine, integrated into the drive-train.
Configurations vary depending on power requirements, from 6-12kW in Europe to 20-25kW in the USA,
but the basic circuit topology is the same in al cases, that of a three-phase inverter. In the case of a 12kwW
load, the required current is approximately 300A. Hence, each inverter phase will mogt likely require

pardlded MOSFETSs. Furthermore, the inverter topology requires anti-paralel diodes to re-circulate the
current during the off phase, requiring a robust, soft diode recovery. The preferred solution is to use the

body diode of the MOSFETS.
During diode recovery, the voltage overshoot experienced across the device is given by
1)

dl
VRR = LSFR !



where Ls is the lumped stray inductance and dig/dt is the reverse di/dt of the body diode. Hence, if Ls=
50nH and dir/dt = 800A/rns, we get Vrs = 40V. Therefore, the use of 75V devicesin this 42V gpplication
could result in repetitive avdanche of the devices. Two waysto avoid avaanche overshoot is to use a softer
body diode (lower dig/dt) or minimize the stray inductance Ls (Ls would need to be in the order of 20nH in
the example above). Alternatively, 100V MOSFETs could be used to provide more overshoot headroom,
however the higher Roson) associated with these parts (up to afactor of two) would mean larger die or more

devices in pardld in order to meet the current requirements. This may be undesirable from a cogt and
system Sze point of view.

4. REPETITIVE AVALANCHE RATING

In today’s harsh automotive environment, the performance demands on power MOSFETSs have
risen dramaticaly with increased power requirements. As seen above, the use of 75V FETs in a 42V
system can result in repetitive avdanche of the devices This is due primarily to high voltage transents
generated by high di/dt and parasitic inductance.

Higtoricdly, IR datasheets specify sngle pulse avdanche energy (Eas) versus junction start
temperature a three different currents (see Figure 3). This alows the customer to predict the performance
of the device under ‘single shot' avalanche conditions. Repetitive avadlanche (Eag) has typicdly been
specified as a sngle number, only under one set of circuit and temperature conditions. With the advent of the
42V automotive system, a need has clearly arisen to provide more information and rate parts under
repetitive avalanche conditions. This issue has been addressed by guaranteeing the parts performance under
repetitive avalanche conditions provided maximum junction operating temperature, Tiwax), IS NOt exceeded.
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Figure 3. Test circuit diagram and single pulse Eas rating curve (4.5mwW, 75V, IRFP2907).



4.1 Repetitive Avalanche Rating Assumptions

The over-riding assumptions are that the failure mechanism is purely therma and that T 1S NOt
exceeded during repetitive avalanche conditions. As will be seen below, for a purdy thermd fallure, actua
failure will occur a ajunction temperature far in excess of T yway-

The assumption of a purely therma failure is reinforced by the ruggedness of the stripe technology
design. As mentioned previoudy, turn-on of the paragtic bipolar is assumed highly unlikely and therefore,
under mogt circuit conditions, failure will be puredly thermd. Thisis verified for every part by generating a sst
of curves gmilar to those shown in Fgure 4. Figure 4 plots sngle pulse avaanche fall current (Iti;) versus
garting junction temperature for various vaues of inductor. As inductance increases, time in avaanche
increases and therefore |y, decreases. Note that a straight line fit to each curve for a given inductor results
in convergence a a common temperature point?. This common temperature is thought to be close to the
temperature a which slicon goes intrindc, and far exceeds the maximum operating junction temperature,
Tymax- This straight line behavior of the avalanche fail current versus temperature indicates thet the failure

mechanism isthermd [2], and not dependent overly on any other mechanisms such as parasitic bipolar turn-
on.
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Figure 4. Sngle pulse avadanchefail current versus Sarting junction temperature for various vaues of
inductor (4.5mw, 75V, IRFP2907).

% Note that the point of intersection varies significantly with the accuracy of the straight line fit. A first order approximation

puts the convergence point somewhere between 500-600°C. This is close to the silicon intrinsic temperature and far in
excess of Tjmax)-



5. REPETITIVE AVALANCHE SOA CURVE

A repetitive avalanche SOA curve can be generated knowing the transent thermal resstance Z,j,
an dlowable rise in junction temperature DT (not to exceed Tymay), the time in avalanche t,, and the
avalanche duty cycle D. The average power disspation, Ppwe), during an avaanche event is given by

I:)D(ave) :%(138\/ XI av) :ZE’ (2)
q jc

where BV is the rated breakdown voltage and 1, is the dlowed (safe) avalanche current for agivenrisein
temperature DT. The factor ‘1.3 accounts for the rise in breskdown voltage during the avalanche event.
Hence,
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Note that the trangent thermal resistance Z,j is afunction of avalanche duty cycle D and timein avdanche
ta and can be read directly from curves on the datasheet. An avalanche energy can therefore be calculated

using

EAS(AR) =Ph X (4)

D(ave) av

Note that equation (4) may be used for both single pulse or repetitive conditions, depending on the specified
vaueof Zgje.

Equation (3) can therefore be used to generate a repetitive avalanche SOA curve. Note that this
curve accounts for an alowed rise in temperature DT due to avalanche losses only. The system designer
should estimate the junction operating temperature and account for any additiona rise in temperature due to
other losses. This value should be used as a Sarting temperature Tyt in the oecific system and equation
(5) can then be used to calculate the additiond rise in temperature due to repetitive avaanche conditions.

DT =T:a - Tsare: 5)

Final

Note that the worst case rise in temperature dlowed is given when Tgina = Tymax- Figure 5 shows a
repetitive avaanche SOA curve (safe avaanche current versus time in avalanche for a given duty cycle) for
arisein junction temperature of 25°C. A more detailed mathematica analysisis presented in [3].



Note that the Sngle pulse curve given in Figure 3 is fully conagent with the single pulse duty cycle

curve of Figure 5. Looking a Fgure 5, we can see that for a current of 110A, t, = 6E-6sec. Usng
equation (2),

Po (ave) =1(1.3’ 75" 110) = 5362.5W.
2

Hence, using equation (4),
Exsiar =5362.5" 6E- 6=32mJ.

This vaue corresponds to the Eas vaue read from Fgure 3 assuming a sarting temperature of Tgart =
150°C and an avaanche current of 110A. Furthermore, the curve in Figure 3 can be reproduced for the
repetitive case usng the same methodology. Thisisillusrated in Figure 6. Note that in the case of Figure 3

and Figure 6, the starting junction temperature corresponds to a vaue which will dlow arise up to Tyway =
175°C, whereas Figure 5 dlows an arbitrary 25°C rise.
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Figure 5. Repetitive avalanche SOA curve, showing safe avalanche current versustimein avdanche for a
givenduty cycle.
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Figure 6. Repdtitive avalanche energy versus sarting junction temperature for varying duty cycle D.

Note a0 that the ‘top’ single pulse curve in Figure 6 is the same as the ‘bottom’ 110A curvein Figure 3.
Figure 6 thusillustrates the de-rating of avaanche energy due to the repetitive duty cycle.

6. CONCLUSIONS

This paper has presented an extremely rugged, Q101 qualified technology suitable for 42V bus
automotive gpplications. The technology is virtudly immune to paradtic bipolar turn-on, and it has been
demondtrated that the avaanche failure is a purely therma phenomenon, occurring at a temperature far in
excess of Tymax- AS repetitive avalanche is a possbility when 75V devices are used in a 42V automotive
system, for example integrated starter-dternator (1SA), a technique for guaranteeing and rating parts under
repetitive avalanche conditions has been presented. This gives the user atechnique for estimating the safe
avalanche current for an dlowable rise in junction temperature. It is assumed that Ty iS NOt exceeded
during the avalanche event.
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