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A rating system for Unclamped Inductive Switching in
PowerMOS transistors already widely accepted and
implemented on Fairchild PowerMOS transistor data sheets
can be applied to a wide range of applications very easily
and expanded to cover repetitive UIS pulses by the simple
technique of superposition. This allows PowerMOS
transistor users to determine if their application lies within
the rated capability of a power transistor. Two examples are
given of the analysis of UIS stress level in representative
applications.

The ability of PowerMOS transistors to withstand unclamped
inductive switching (UIS) has been recognized since 1985.
Although Blackburn has clearly shown [1] UIS stress level is
not directly related to energy, many manufacturers of
PowerMOS transistors persist in rating their devices in terms
of energy capability. Since the energy capability varies with
the operating conditions, this rating is valid only at the
condition specified and the PowerMOS transistor user has
no way to calculate whether the particular application
exceeds the device rating. Ronan has defined a rating
system [3], herein after called simply the UIS Rating System,
which allows manufacturers to specify the capability of their
PowerMQOS transistors for single pulse UIS in such a way
that users can easily determine if their application exposes
the device to more UIS stress than is guaranteed in the
device data sheet.

The Single Pulse UIS Rating System

This UIS Rating System, requires the user to determine only
the peak current through the PowerMOS transistor (Iag), the
junction temperature at the start of the UIS pulse (T) and
the time the transistor remains in avalanche (tay). It allows
the easy determination of the conformance of any
application to a specified UIS capability where the worst
case conditions can be simulated. It is also quite feasible to
calculate the UIS stresses for circuits not yet constructed or
conditions not easily simulated.

The UIS rating for a PowerMOS transistor (see Figure 1) is
presented as a chart with a vertical axis of (Ipg) maximum
avalanche current vs (tpay) time in avalanche as the
horizontal axis. Two lines are shown, one for 25°C and one
for the maximum junction temperature. It is fairly easy in
most applications to determine the avalanche current and
time in avalanche in an existing application by using a
current probe. If the time in avalanche and avalanche current
plotted on the UIS rating curve fall above and to the right of
the 25°C line, the application is beyond the UIS rating of the
device and the user stands a risk of device failure. If the time
and current plotted on the rating curve fall below and to the
left of the maximum junction temperature line the application
is within the UIS rating of the device. In either case no further
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analysis is needed. If the time and current plotted on the
rating chart falls between the 25°C and the maximum
junction temperature lines further analysis is required.

To analyze those cases where the starting temperature and
time in avalanche fall between the 25°C and maximum
temperature line, first we must determine the junction
temperature of the PowerMOS transistor at the start of the
UIS pulse. If the UIS stress occurs after a long period in
conduction it may be sufficient to just measure the case
temperature of the device and calculate the temperature rise
between the case and junction from the dissipation and
thermal resistance of the device. Any other approach may be
used. Once the junction temperature at the start of the pulse
has been determined we can extrapolate between the two
published rating curves to determine the UIS capability at
that starting junction temperature.

Ronan [3], Stoltenburg [2] and Blackburn [1] have all
indicated that the UIS capability |2ASXtAV is a simple linear
function of temperature. Using this allows a straight line
extrapolation of the UIS capability of the device at the
calculated junction temperature. Then simply compare the
calculated capability to the stress determined to determine if
the device is within ratings. This simple approach allows
users to find out if their application is safe for any single UIS
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FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING (SINGLE
PULSE UIS)

Multiple or Repetitive UIS

The handling of repetitive UIS pulses has been ignored by
the PowerMOS transistor manufacturers except for an
attempt by one manufacturer to rate repetitive UIS at 0.01%
of the 25°C power rating with no further qualifications. The
UIS rating system outlined in Ronan’s paper [3] is quite
applicable to repetitive pulses by using the technique of
superposition as is commonly done in evaluating repetitive
SOA pulses. Each UIS pulse is considered a separate event
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and evaluated as if no other pulse existed. It is necessary
only to determine |py (avalanche current), tay (time in
avalanche) and T (junction temperature at the start of the
pulse), just as in the single pulse case. Usually the last pulse
in a series occurs at the highest junction temperature and is
therefore the most severe stress. If the PowerMOS transistor
is within the specified UIS rating for that pulse, it is certainly
within the UIS ratings for previous pulses which occurred at
a lower junction temperature.

Usually the junction temperature variation of a PowerMOS
transistor over a full repetitive period is very small. The
device has a thermal capacitance and does not change
temperature instantaneously, so usually using the average
junction temperature for the starting temperature to evaluate
the avalanche stress does not result in appreciable error. In
those cases where the period is long other means must be
used to determine the junction temperature at the start of the
UIS pulse.
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FIGURE 2. NORMALIZED rpg(on) vs JUNCTION TEMPERATURE

Examples

The two examples shown below are intended only to
illustrate the techniques used to calculate whether a
PowerMOS transistor is within its UIS rating or not. Since
UIS capability is an interactive function of other
environmental stresses, it is hecessary to include some
calculation of other operating conditions as part of this
analysis. The operating conditions in both examples are
calculated rather than measured since the determination of
UIS capability using measured values for 15y and tay
seemed trivial and self explanatory. The first example is a
“single” pulse stress with sufficient time between stresses so
that there is no interaction between subsequent pulses, and
the second has a period short enough so that the
temperature variation over a period is small.

Example 1
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Solenoid Driver: Single Pulse

Given: VDD =28V
RL =2.5Q
Pulse width = Steady state “on”
Transistor = RFP70N06
Gate “on” drive = 10V
Maximum T = 150°C
TAMBIENT = 90°C

Calculate: L (Maximum allowable inductance)
0ca (Required case to ambient
thermal resistance)

RtoTAL = RL + rps(ON) = 2.5 + (0.014 x 1.8) See Figure 2
RtoTAL = 2.525Q
IAVALANCHE = 28/2.525 = 11.09A

(Peak avalanche current)

Using the rule of thumb that the avalanche voltage is equal
to the rated breakdown rating multiplied by 1.3 we can write:

VAVALANCHE = 60 x 1.3 =78V

tavaLANCHE = (L/R) x In[(Iay x R)/(Vay - Vpp) +1]
tavALANCHE = (L/2.525) x In[(11.09 x 2.525)/(78 - 28) +1]
L = tavaLANCHE/0.176

©2002 Fairchild Semiconductor Corporation

Application Note 7515 Rev. A2



Application Note 7515

+10
GATE
VOLTAGE
0

11.09
DRAIN
CURRENT

las

+78V

DRAIN
VOLTAGE

Vps  +28V -|
WAVEFORM

Entering the Unclamped Inductive Switching Chart (See Figure
1) at 150°C and 11.09A we read an allowable taya ANCHE Of
1.5ms. This gives us a maximum allowable L of:

L = (1.5E-3)/0.176 = 8.53mH
maximum allowable inductance

Now to calculate the required heat sink thermal resistance:
Pd = (12 x rpg(oN)) = (11.09%) x 0.025 = 3.07W

6ca = [Tymax — Pp x 8yc - TamBIENT)/PD

6ca =[150 - (3.07 x 1.0) — 401/3.07

6ca =185 OC/W required thermal resistance, case to
ambient.

Example 2
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Switching Regulator - 100kHz

Given:

Frequency = 100kHz

Duty Cycle = 50%

R =2.4Q

Vpp =48V

TAMBIENT = 40°C

TJUNCTION = 150°C Maximum junction temperature
L = 1uH (Leakage Inductance)

PowerMQOS transistor = RFP70N06
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Determine:

Is the PowerMOS transistor within UIS rating?

What 6¢ is required?

|avALANCHE = VDD/(RL + rps(ON))

lAVALANCHE =48/(2.4 +(0.014 x 1.8)) See Figure 2
IAVALANCHE = 19.79A

tavaLancHE = (L/R) x In[(Iav x (RL + rps(on)))/Vav - Vbp) +11
tavALANCHE = (1E-6/2.425) x In[19.79 x 2.425/(78 - 48) +1]
tAVALANCHE = 0.395us

Entering the Unclamped Inductive Switching Curve (See
Figure 1) at 19.79A, we find the device has a tayaL ANCHE
capability at 150°C of 500us. Obviously this application does
not challenge the UIS capability of the RFP70NO06.

Now to calculate the required heat sink thermal resistance:

EavaLANCHE = (VAVALANCHE X |AVALANCHE X tAVALANCHE) /2
Eay = ((60 x 1.3) x 19.79 x (0.395 e-6))/2

Eay = 304.8ud per avalanche
PAVALANCHE = EAVALANCHE X Frequency
PAVALANCHE = 304.8e-6 x 100e3
PAVALANCHE = 30.4W

PCONDUCTION = (Iav2 X IDS(ON))/2

Pc = ((19.79)2 x 0.025)/2

Pc = 4.90W

PtotaL = Pav + Pc

PTOTAL =304 +4.9

PtoTaL = 35.3W

6ca = [Tymax - (PToTaL X 84c) - TAMBIENT)/PTOTAL
0ca = [150 - (35.3 x 1.0) - 40]/35.3

8 = 2.12°C/W Obviously the heat sink is more of a
problem than the UIS capability.
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Application to Other Circuits

Usually the designer of a circuit has carefully determined the
temperature of the devices in his circuit over the entire range
of operating conditions. Using only the junction temperature
of the device at the start of a UIS pulse, the duration of the
pulse and the current level of the pulse the designer can
determine whether or not his/her application exceeds the
UIS rating on the device. These quantities are easily
measured or calculated. By superposition this rating can be
applied to multiple or repetitive pulses as illustrated in the
two examples shown. Any circuit can be analyzed for UIS
stress using this approach. There is no need for a separate
repetitive UIS rating.
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FACT™ ImpliedDisconnect™ PACMAN™ SPM™
ActiveArray™ FACT Quiet Series™ ISOPLANAR™ POP™ Stealth™
Bottomless™ FAST® LittleFET™ Power247™ SuperSOT™-3
CoolFET™ FASTr™ MicroFET™ PowerTrench® SuperSOT™-6
CROSSVOLT™ FRFET™ MicroPak ™ QFET™ SuperSOT™-8
DOME™ GlobalOptoisolator™ MICROWIRE™ Qs™ SyncFET™
EcoSPARK™ GTO™ MSX™ QT Optoelectronics™ TinyLogic™
E2CMOS™ HiSeC™ MSXPro™ Quiet Series™ TruTranslation™
EnSigna™ [pCT™ OCX™ RapidConfigure™ UHC™
Across the board. Around the world. ™  OCXPro™ RapidConnect™ UltraFET®
The Power Franchise™ OPTOLOGIC® SILENT SWITCHER® VCX™
Programmable Active Droop™ OPTOPLANAR™  SMART START™
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DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
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