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Introduction

Most manufacturers of PowerMOS transistors specify the
Safe Operating Area for their devices at 25°C case tempera-
ture and derate them linearly to zero at the maximum rated
junction temperature. The circuits to maintain a fixed current
and voltage on the Device Under Test are easy to devise[l],
but it is impractical to keep the case temperature at 25°C.
The problem is that the uncontrolled heat sink begins to rise
in temperature, heated by the DUT, making it impossible to
maintain a controlled reference point temperature[z]. This
note explains a test method which does not use a heat sink
on the DUT but depends upon the thermal capacitance (Ct)
of the package to allow prediction of the case temperature
during SOA testing.

Determining the Thermal Capacitance of a
Modern PowerMOS Transistor Package

Most power transistor packages today consist of a copper
header or base plate and copper leads fastened together
with epoxy plastic which also covers the active transistor die.
When the package is not mounted to a heat sink, the thermal
resistance across the header and leads is small compared to
the thermal resistance external to the header, so the pack-
age is essentially an isotherm. Since the package is an iso-
therm, it can be represented accurately as a “lumped”
thermal capacitance in the familiar electrical analogue for the
thermal circuit. The estimation of the value of that capaci-
tance is simplified because the thermal capacitance or spe-
cific heat of most epoxy plastics is small compared to that of
copper. The plastic portion of the package can be removed
easily by crushing it with an ordinary set of pliers. Weighing
the remaining portion of the package will give a good esti-
mate of the amount of copper contained in the package. The
weight of the silicon die is usually negligible. Multiplying the
weight of the copper by the thermal capacitance of copper
(0.385J/g°C (3] was used in the rest of this note) will give a
good estimate of the thermal capacitance of the package.
See Table 1.

Applying the Package Thermal
Capacitance to SOA Testing

The problem in testing SOA on a transistor without heat sink-
ing it is that the case temperature increases during the test.
Heat flows from the silicon die into the copper of the package
at a very predictable rate since constant power circuits are
usually used in SOA testing. There is also heat flow from the
package to the ambient which is proportional to the tempera-
ture difference between the package and the ambient. The
thermal resistance of the package to ambient air (B¢cp) is
usually quite high and if the temperature difference between
the package and the air is kept small (Usually by doing a
short test) the heat flow out can be neglected. However,
SOA testing should be done in a draft free ambient to avoid
undertesting the DUT. See Table 2.
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TABLE 1. SOME THERMAL CAPACITANCE ESTIMATES FOR
FAIRCHILD POWER TRANSISTOR PACKAGES
DEVELOPED BY THIS TECHNIQUE

THERMAL
WEIGHT OF COPPER | CAPACITANCECt
PACKAGE () (J/°C)
TO-247 4.07 1.57
TO-218 3.50 1.35
TO-220 1.40 0.54
TO-251 0.32 0.12
4 Lead DIP 0.27 0.10

NOTE: These values were determined in August 1993 on Fairchild
parts. Do not use them on other manufacturers’ parts or even on Fair-
child parts manufactured at a later date without verifying them

TABLE 2.
MAXIMUM 835

PACKAGE THERMAL RESISTANCES

TO-247 30 °c/w

TO-218 30°C/wW

TO-220 80°C/W

TO-251 100°C/W

Hex DIP 115°C/w

NOTE: These maximum values are published to keep customers
from damaging transistors when they use them in free air and are
very conservative. Actual values for thermal resistance to air may be
half these values. Indeed in the calculation of thermal time constants
for packages below, half the thermal resistance values listed above
was used.

If the heat flow out from the DUT can be ignored, the
increase in temperature of the case due to SOA testing is
simply the input energy divided by the thermal capacitance
of the package. The internal parts of a PowerMOS transistor
have thermal resistances and thermal capacitances associ-
ated with them also. The thermal time constants of these
internal parts are usually quite short, in the order of 1ms to
10ms. SOA testing should be done at times relatively long
compared to the internal time constants of the transistor, but
short compared to the thermal time constant of the package
to ambient thermal circuit. Table 3 is a list of the thermal time
constants for the Fairchild packages listed previously, using
half the maximum free air thermal resistance value listed
previously.
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TABLE 3.
Bca
FREE AIR
THERMAL Cr
RESIS- THERMAL THERMAL
TANCE CAPACITANCE | TIME CON-
PACKAGE °ciw) J/°c) STANT (s)
TO-247 15 1.57 23.6
TO-218 15 1.35 20.3
TO-220 40 0.54 21.6
TO-251 50 0.12 6.0
4 Pin Hex 58 0.10 5.8
DIP

If we arbitrarily use a ratio of 10 to 1 from both the internal
time constants and the package to air time constant, the time
range over which satisfactory measurements can be made is
100ms to 580ms.

However, the earlier assumption that the case temperature
should not be very far above ambient, so we can assume no
heat out flow from the package, would encourage us to use
the shorter time. A few examples will illustrate the technique
and let us check our assumptions.

Examples of Free Air SOA Tests to Verify
SOA Capability

Techniques

In the examples to follow, the rise in case temperature will
initially be estimated at 20°C and an SOA (Constant Power)
pulse equal to the rated SOA capability at 45°C at 100ms
will be applied to the transistor. No heat sink will be attached
to the unit. The SOA used in these calculations was the DC
SOA, the calculation would be slightly more accurate if the
SOA were increased slightly to account for the difference in
capability from DC to 100ms. The actual case temperature
rise will then be calculated and the SOA capability recom-
puted. This will be iterated until the difference between the
estimated case temperature and the final case temperature
is less than 1°C. This will define a test suitable for that tran-
sistor. This approach to solving the problem, successive
approximation, may be carried to the accuracy required. The
problem can be solved exactly as shown in Appendix A.

RFP70NO6

First Iteration:

Estimated Rise in Tcage = 20°C, Tease = 45°C
SOA Capability at 45°C = Pp * (Tymax - 45)/(Timax - 25)
SOA Capability at 45°C = 150 « (175 - 45)/(175-25)
SOA Capability at 45°C = 130W

SOA Energy = SOA Power * Time
SOA Energy =130+ 0.1
SOA Energy = 13.0J
Case Temperature Rise = SOA Energy/Ct
Case Temperature Rise = 13.0/0.54
(Ct for TO-220 from Table 3)

Case Temperature Rise = 24.1°C

Second Iteration:

Estimated Rise in Teage = 24.1°C, Tease = 49.1°C
SOA Capability at 49.1°C = 150 « (175 - 49.1)/(175 - 25)
SOA Capability at 49.1°C = 125.9W

SOA Energy =125.9+0.1

SOA Energy =12.59J
Case Temperature Rise = 12.59/0.54
Case Temperature Rise = 23.3°C

Third Iteration:
Estimated Rise in Tcasg = 23.3°C, Tease = 48.3°C
SOA Capability at 48.3°C = 150 « (175 - 48.3)/(175 - 25)
SOA Capability at 48.3°C = 126.7W
SOA Energy =126.7 ¢ 0.1
SOA Energy =12.67J
Case Temperature Rise = 12.67/0.54
Case Temperature Rise = 23.5°C

Checking our assumption that the heat flow out during test is
negligible:
TavERAGE = Tmax/2
TavERAGE = 23.5/2
Taverace = 11.8°C Rise Above Ambient
ErLow = (T 1) /6ca
Er ow = (11.8+0.1) /40 (Using 1/2 the B¢ Listed in Table 2)
EFLOW =0.03J
AT =Efow/Cr
AT =0.03 /0.54 (Ct from Table 3)
AT = 0.055°C Temperature Change Due to Heat
Flow Out During Test, Obviously Negligible
RFD3055

First Iteration:
Estimated Rise in TCASE = 2000, TCASE = 4500C
SOA Capability at 459C = Ppe (TJMAX - 45)/(TJMAX - 25)
SOA Capability at 45°C = 53 « (175 - 45)/(175 - 25)
SOA Capability at 45°C = 47.7W
SOA Energy = SOA Power » Time
SOA Energy =47.7+ 0.1
SOA Energy =4.77J
Case Temperature Rise = SOA Energy/Ct

Case Temperature Rise = 4.77/0.12 (Cy for TO-251 from
Table 3)

Case Temperature Rise = 39.75 °C
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Second Iteration:

Estimated Rise in Tcase = 39.75°C, Teage = 64.75°C
SOA Capability at 64.75°C = 53 « (175 - 64.75)/(175 - 25)
SOA Capability at 64.75°C = 38.96W

SOA Energy =38.96 ¢ 0.1

SOA Energy = 3.90J
Case Temperature Rise = 3.90/0.12
Case Temperature Rise = 32.46°C

Third Iteration:

Estimated Rise in TCASE = 32.50C, TCASE = 57.SOC
SOA Capability at 57.5°C = 53 « (175 - 57.5)/(175 - 25)
SOA Capability at 57.5°C = 41.53W

SOA Energy =41.53+ 0.1

SOA Energy = 4.15J
Case Temperature Rise = 4.15/0.12
Case Temperature Rise = 34.6°C

Fourth Iteration:

Estimated Rise in Tcasg = 34.6°C, Tcase = 59.6°C
SOA Capability at 59.6°C = 53 « (175 - 59.6)/(175 - 25)
SOA Capability at 49.1°C = 40.77W

SOA Energy =40.77 « 0.1

SOA Energy =4.77J
Case Temperature Rise = 4.08/0.12
Case Temperature Rise = 34.0°C

Checking our assumption that the heat flow out during test is
negligible:
TaVvERAGE = Tmax /2
TaveraGe = 34.3/2
TAVERAGE = 1720C Rise Above Ambient
ErLow = (T 1) /Bca
Er ow = (17.2+0.1) /25 (Using 1/2 the B¢ Listed in Table 2)
EFLOW =0.034J
AT =Efow/Cr
AT =0.034 /0.12 (C+ from Chart Above)

AT = 0.29°C Temperature Change Due to Heat Flow
Out During Test, Obviously Negligible

Conclusions

This is a simple, effective way to verify SOA capability of
PowerMOS transistors. It can be applied to almost any tran-
sistor available on the market today.
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Appendix A

Exact Solution For SOA Test Pulse

w Width of SOA Test Pulse in Seconds

Pt  SOA Test Level in Watts

Pr  SOA Rating at Pulse Width in Watts

Cr  Thermal Capacitance of Package in J/°C

AT Change in Case Temperature Due to Test Pulse
Timax Maximum Rated Junction Temperature

Assuming the test starts at 25°C:

Pr TJMAX—(ATC+25)

T - IMAXTR T (EQ. 1)
Pr Timax =25
W x Py
ATe = —2 (EQ. 2)
T
SR ok (R
. MAXTHTCT
P T 25 (EQ-3)
R IMAX ™
Pr_ Cr*Tomax—W>Pp—Cyx25 (EQ. 4)
Pr Cr*(Tymax —25)
0 0 T —-25
prx k¢ w = MAXT® (EQ. 5)
R Crx(Mymax=2500  Tymax—25
Pr*Cy X (Typmax —25) (EQ. 6)

T Crx(Tymax—2) +WxPg
Exact SOA Test Condition Calculations
RFP70NO6
Inputs:
Pulse Width (W) = 100ms
SOA Rating at 100ms (PR) = 150W
Thermal Capacitance (Ct) = 0.54J/°C
Maximum Junction Temperature (T jpax) = 175°C

Outputs:
P1=126.6W (Equation 6)
Delta Tcasg (ATc) = 23.4°C (Equation 2)
RFD3055
Inputs:

Pulse Width (W) = 100ms
SOA Rating at 100ms (PR) = 53W
Thermal Capacitance (Ct) = 0.12J/°C
Maximum Junction Temperature (T jyax) = 175°C
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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™ FAST © MICROWIRE™ SILENT SWITCHER® UHC™
Bottomless™ FASTr™ OPTOLOGIC® SMART START™ UltraFET ®
CoolFET™ FRFET™ OPTOPLANAR™ SPM™ VCX™
CROSSVOLT™ GlobalOptoisolator™ PACMAN™ STAR*POWER™
DenseTrench™ GTO™ POpP™ Stealth™

DOME™ HiSeC™ Power247™ SuperSOT™-3

EcoSPARK™ [PC™ PowerTrench ® SuperSOT™-6

E2CMOS™ ISOPLANAR™ QFET™ SuperSOT™-8

EnSigna™ LittleFET™ QS™ SyncFET™

FACT™ MicroFET™ QT Optoelectronics™ TinyLogic™

FACT Quiet Series™ MicroPak™ Quiet Series™ TruTranslation™

STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUMEANY 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
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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