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Dynamic thermal behavior of MOSFETSs

Simulation and calculation of high power pulses

About this document

Scope and purpose

Thermal management can be a tricky task. As long as the losses are constant it is easy to derive the maximum
chip temperature from simple measurements and/or calculations. Short high-power pulses lead to a peak
junction temperature that is hard or impossible to measure using standard lab equipment.

This AN focuses on two methods to check violations of the device’s limits - using simulation software together
with Infineon’s SPICE models, and a simple “pocket calculator method”.

Intended audience

Power-supply designers
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Introduction

1 Introduction

Temperature is one of the most important parameters that influences the behavior of a MOSFET. This is
reflected in several figures and diagrams in a datasheet showing them for different temperature values.

MOSFET reliability is the main topic here. Parameter drift, reduced lifetime or early destruction could be the
result of increased chip temperature. Knowing the chip temperature is therefore a key factor.

There are four common methods to determine the chip’s temperature:

1. Use of thermal probes or a thermal camera

2. Finite Element Analysis (FEA)

3. Calculation based on datasheet diagrams

4. Simulation with Infineon’s SPICE libraries

Another method is to apply a current to the body diode of the MOSFET to derive the chip temperature from the
forward voltage drop. This method has many limitations and disadvantages, and so it is not included in this AN.
Determining the temperature for static loads is easy. In most cases a thermal probe or a thermal camera will do
the job.

With pulsed loads the situation changes dramatically. The thermal time constants inside a MOSFET and also the
reaction times of probes and cameras don’t allow the correct measurement of the chip temperature for load
pulses in the ps or ms range.

Nevertheless the chip temperature has to be determined to enable a judgment about the MOSFET’s
temperature stress.

Using FEA requires special software and experience, so this AN focuses only on the following methods:
calculation based on datasheet diagrams, and simulation with Infineon’s SPICE libraries. Both ways to estimate
the chip’s temperature are explained in detail and the results and limitations of each method are shown and
compared using different use cases:

1. Asingle high-power pulse

2. Repetitive high-power pulses with different thermal management

This AN is structured in seperate parts. In Chapter 2 the simulation with Infineon’s SPICE librairies is explained
in detail. Chapter 3 shows the way the “pocket calculator method” works in principle. Chapter 4 and Chapter 5
show typical use cases.
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2 Thermal simulation with SPICE

Infineon MOSFET SPICE models include an internal thermal network. To access this it is necessary to use the
level 3 (L3) models. They have either no suffix or _L3, as can be seen in Figure 1. Here the MOSFET junction and
case temperature can be accessed via extra terminals, enabling the addition of a cooling network and
measurement of those temperatures.

J Select Device

*Recently Added Models*  »

* All User Models * |

* All Models * BSCO0SNE2LS5_L1
Analog switches BSCO0INE2LSSI
BJT - Dual BSCO0SNE2LS5I_LO
BJT - Multiple _ | |BSCOOSNE2LSSI_L1
Bridge Rectfiers = | |BSCO15NE2LSS
Buffers BSCO15NE2LSSI_LO
Capacitors BSCO15NE2LS5I_L1
Comparators BSC026NE2LS5
Counters BSCO026NE2LS5_L0
Current Mirrors BSCO26NE2LS5_L1
Current Monitors BSZ013NE2LSSI
Digital Arithmetic BSZ013NE2LS5I_LO
Digital Buffers BSZ013NE2LS5I_L1
Digital Functions BSZ014NE2LS5IF
Digital Multiplexers/Demultiple BSZ014NE2LS5IF_LO
Digital/Analog interfaces BSZ014NE2LS5IF_L1
Diode BSZ017NE2LSSEI
Drivers BSZ017NE2LS5I_LO
Dual Diodes BSZ017NE2LS5I_L1
Dual Gate NMOS BSZ031NE2LS5
Dual Schottky BSZ031NE2LS5_L0
Flip-flops BSZO31NE2LS5_L1
Gates ~ | |BSZ033NE2LS5

" o » BSZ033NE2LS5_LO

............ BSZ033NE2LS5_L1

Figurel  SPICE models for OptiMOS™S5 - 25 V; L3 models are marked

The SPICE models can be found at www.infineon.com. After searching for the MOSFET needed and following
the “simulation” link the models can be downloaded. For a general introduction to the Infineon models and
Simetrix simulation, please refer to AN 2014-02 “Introduction to Infineon’s Simulation Models for Power
MOSFETS”.

2.1 Thermal model of the MOSFET

Inside the L3 MOSFET model a network of thermal resistances and capacitances is provided, like the one shown
in Figure 2. T; is connected very close to the channel, with only Ry, in between and Cy,p, in parallel. This
represents the thermal resistance and capacitance of the bond wires or clip. T, has additional resistance-
capacity pairs in the path to account for the inferior thermal connection, compared to T;.
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J Edit Model EY
Global libary model
Rthl Tj tl {2.9m+limit (Zthtype, 0,1)*1.08m} &
RthZ tl 2 {36.Tm+limit (Zthtype, 0,1) *13.58m}
Rth3 t2 t3 {129.16m+limit (Zthtype,0,1) *5.93m}
Rth4 t3 t4 {148.53m+1limit (Zthtype,0,1) *110.03m} o
Rth5 t¢ Tcase {259.7m+limit (Zthtype,0,1) *192.39m}
Cthl Tj 0 83.733u -
Local model (editable)
KL L9 ICdse {£09, MMFLLINLC (L LICYRE, U, L) ~ 192, 3907
Cthl TS o 83.73%u il
cth2 tl 0 363.569u
Cth3 t2 0 2.188m
Cthd t3 0 1.696m
Cths t4 0 38.65m —
Cthé Tcase ] 30m &
Select Local/Global
@) Use global library model
Use local model

Figure2  Underlying structure of an L3 MOSFET model and the thermal parameters inside it
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2.2 Case temperature and cooling

© 400m -

| —

| I |

R1.

" BSCO10N04LS |

TR 1
9 Pulse(0 90 10n 10n 1) | f«
vt A

Figure3  Switched MOSFET with the case perfectly cooled to 25°C

Figure 3 shows a circuit of a switched MOSFET. V2 provides 40 V between drain and source, R1 limits the
maximum current to 100 A and V1 switches the MOSFET on for 1 s. Tj (junction temperature) and T, (case
temperature) are the terminals for the temperatures. V3 sets the ambient temperature to 25°C. At Tc,sc and T a
potential difference of 1V equals 1 K and an external voltage of 0 V equals 0°C. The models are not limited to
positive values. For example, connecting a potential of -40 V between ground and T; will set the junction
temperature to -40°C. Voltage probes are added to the MOSFET gate bus and T ase.

© 400m -
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i
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Figure4  Switched MOSFET with added thermal resistance

In Figure 4 we add the thermal resistance R3, which is connected to the case. An electrical resistance of 1 Q
equals a thermal resistance (R;,) of 1 K/W.
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Figure5 Switched MOSFET with thermal capacitance and thermal resistance

Finally a thermal capacity C1is added in Figure 5. An electrical capacitance of 1 F equals a thermal capacitance
(Cyn) of 1 Ws/K. The resistance R3 is increased to 20 Q, which, equals 20 K/W.

After running the simulation, curves like those shown in Figure 6 are obtained. The gate signal is shown in
green. The T ,se Voltage is simulated for the different scenarios shown from Figure 3 to Figure 5. In the first one
Cland R3 are removed (red curve), so T, is perfectly connected to 25 V (25°C). The case temperature doesn’t
increase at all. Second, a resistance R3 of 10 Q is introduced, resulting in the blue curve. Finally, the circuit as
depicted in Figure 3, with R3=20 Q (20 K/W) and a capacity C1 =300 mF (300 mWs/K) is simulated, resulting in
the yellow curve. For the last two curves there is an increase in temperature as long as the device is switched
on, and a cooling afterwards. Due to the high thermal capacity in the last case the temperature increase at the
start is lower. The high thermal resistance slows down the cooling afterwards, so that the yellow and blue lines
Cross.

\

\R3 =10Q
70 \
60 A

/ )
50 AN
= " / R3 =|20 9 C1 = 300 mF >

80
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\\

30 o
1 R3=0Q C1=0F
20
10
VGS
%% 05 1 15 5 55 3
Time/Secs 500mSecs/div

Figure6  Measurement curves of the circuit in Figure 3 to Figure 5 showing the gate signal (green) and
the voltage of the T ,5. node with thermal resistance and capacitance (yellow). The latter is
also shown without any resistance and capacitance in the thermal network (red) and with
only a resistor R3 =10 Q (10 K/W, blue)
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2.3 Junction temperature

The junction temperature of the MOSFET can also be monitored. Here the circuit of Figure 4 with
R3=10 Q (10 K/W) and no thermal capacity is used, as for the blue curve in in Figure 6. The MOSFET is now
switched on for 1 ms.

The temperatures can be read from the graphs in Figure 7, keeping in mind that 1 V voltage difference equals

1 K temperature difference, and 0 V versus ground (0 V in the graphs) equals 0°C. During the time the MOSFET is
switched on the temperature of the junction rises by roughly 1.5 K. The case temperature doesn’t change
significantly. After the device is switched off, the junction temperature immediately decreases, because no
more heat is generated inside the device. Now the case temperature rises, as the heat from from the silicon gets
transmitted to the package of the MOSFET. The total change in temperature is much less for the case than it is
for the junction, because its combined thermal capacitance is much higher. After a few more ms the junction
and case temperature will be equal. Then the whole device has a homogenous temperature and will slowly cool
down.

Looking closely at the junction temperature in the left half of Figure 7, a very short temperature increase at the
maximum is visible. This is when the MOSFET gets switched off. A high current flows through the device while
the resistance is increasing. A detailed view of this situation is shown on the right-hand side in Figure 7. The
temperature increases at the junction by 0.15 K. At the same time no kink in the temperature change for the
case is visible, even at high magnification.

Short temperature changes at the junction will not impact the case temperature. The entire packaging as well
as the MOSFET die itself have thermal capacities and thermal resistances, which cause a delay and averaging
over time of the thermal behavior of the junction.

In Figure 7 a temperature change of 1.7 K can be seen for the junction, which leads to a change of only around
0.1 K at the case.
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2524 S~ e
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0 2 4 6 8 1.0194 1.0198 10202 10206 1021 1.0214
Time/mSecs 2mSecs/div Time/mSecs 200nSecs/div

Figure7  Voltage on the case (green) and junction (red) node of the MOSFET. On the right-hand side a
close-up of the time the MOSFET is switched off can be seen
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3 Pocket calculator method

In some cases it is easy to use the datasheet to derive the junction temperature.

If there is a single (nearly) rectangular power pulse, the Zy ¢ (or, for small-signal MOSFETSs, the Z, 5) diagram
can be used easily.

If the pulse doesn’t have a rectangular shape some assumptions have to be made. This method is shown in the
next chapter.

3.1 Calculation of the junction’s peak temperature
Let’s assume a current pulse of 300 Ain a fully switched on IPB048N15N5.

The start condition is 70°C and the (single) pulse length is 100 s (Figure 8).

What will be the peak junction temperature, Tj max?

100 ps
— 300 A
TJ,start=70°C

Figure8 Pulse conditions

4 Max. transient thermal impedance 9 Drain-source on-state resistance
Znic=f(tp) Rosn(T)) 10760 A; Vs=10 V
parameter: D=t /T

Rosion (M)

105 104 109 102 104 100 80 20 20 60 100 140 180
18] T el

Figure9 IPB048N15N5: Max. transient thermal impedance and drain-source on-state resistance

In only five steps the result is achieved, using datasheet diagrams (Figure 9) and a few simple formulas.
These five steps are shown for ohmic losses, e.g. P = IZ*RDs(on).

An example for a more complex mode is shown in Chapter 4.3.

Step 1: Find the working point in the Zy, c diagram. With 100 ps (10 ps) the pulse Zy, ¢ is ~0.03 K/W.
Step 2: Use the Rps(on),max Of the MOSFET under worst-case conditions (150°C): ~9.5 mQ.

Step 3: Take the well-known fomula P = IZ*RDS(On).

Step 4: Use the formula AT = P*Zy, ¢, exchange “P” with “I**Rpg(on)” (from step 3): AT = 12*Rpson)*Zthc-
Step 5: Insert values: AT = (300 A)2 * 0.0095 Q * 0.03 K/W~25.65 K.

The start temperature of 70°C results in a junction temperature T; ~95.65°C.

Please be aware that this is not the temperature of the complete and packaged part - it is only the junction
temperature, the hottest spot.

For the Rps(on) @ chip temperaure of 150°C is assumed. Now taking the calculated maximum temperature we can
easily increase the precision by starting again from step 2, but now using the Rpg (o) at ~96°C: ~7.1 mQ instead of
9.5 mQ followed by steps 3-5.
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The Zy,,c diagram is only applicable if the case temperature (e.g. the bottom side of the lead frame) is kept
constant. This is only possible with good thermal management (a heatsink mounted to the copper) or with a
pulse short enough (several hundreds of us) to not heat up the lead frame. For a SuperS08 this time is
potentially much shorter than with a D2PAK due to the much smaller and thinner lead frame.

For repetitive pulses the calculation is similar. Please take into account here that the Z;;,,c diagram is only valid
if the case temperature is kept at a constant temperature. In reality, without very good thermal management,
the case heats up and the start temperature for the next “shot” is increased. Then the new start temperature
can be calculated, as shown in Chapter 3.2.

3.2 Calculation of the MOSFET’s end temperature

If repetitive pulses are applied it is necessary to know the start temperature for the next pulse. In the last
chapter the temperature increase of the hottest point, the junction of the MOSFET, was calculated. Without
perfect thermal management the complete MOSFET is heated up to a certain temperature, which is the starting
temperature of the next “shot”. The SPICE library can be used to calculate this temperature (Figure 10).

. SUBCKT [IPBO48N15N5 drain gate source Tj Tcase PARAMS: dvth=0 dRdson=0 dgfs=0 dc=0 Zthtype=0 Ls=1.8n Ld=1n Lg=4n

.PARAM Rs=641u Rg=1.1 Rd=50u Rm=148u
.PARAM Inn=87 unn=10 Rmax=4.8m gmin=72
.PARAM RRf=350m Rrbond=12m  Rtb=5.3 g2=729m
.PARAM act=26.4 Rsp=0.15

. FUNC Pb(1,dT,Rb) {Rb/(2*Rtb)*(I-Timit(dT/(max(I,1n)*Rb)+RRF*1I%g2,0,I))**2}

X1 dil g s sp Tj S5.150_f_var PARAMS: a={act} Rsp={Rsp} dvth={dvth} dR={dRdson} dgfs={dgfs} Inn={Inn} unn={unn}
+Rmax={Rmax} gmin={gmin} Rs={Rs} Rp={Rd} dc={dc} Rm={Rm}

Rg gl g {RQ}

Lg gate gl {Lg*if(dgfs==99,0,1)}

GS sl s VALUE={V(s1,s)/(Rs*(1+(1imit(v(Tj),-200,999)-25) *4m) -Rm) }
Rsa s1 s

1Meg
Ls source sl {Ls¥if (dgfs==99,0,1)}
Rda di d2 Rd

Ld drain d2 {Ld*if (dgfs==99,0,1)}
Rsb source sl 10

Rga ate gl 10
Rdb rain 2 10

G.TH 0 Th VALUE = {Pb(abS(I(LS)).V(Ti.Tcase).Rrbond*(1+(11miﬁ((V(Tb)+V(Tj))/2.—200,999)—25)*4m))}
0 8

[cthb _Tb .05m

RTthD 7D T3 {RTD}

Rthl Tj tl {1.24m+Timit(Zthtype,0,1)%463. 24u}
Rth2 tl1 t2 {13.66m+1imit(Zthtype,0,1)*5.05m}
Rth3 t2 t3 {30.08m+1imit(Zthtype,0,1)*6.99m}
rRth4 t3 t4 {67.06m+1imit(zthtype,0,1)*55. 32m}
Rth5 t4 Tcase {175.43m+Timit(Zthtype,0,1)%144.71m
cthl T) 0 367.547u

cth2 tl 0 834.731u

cth3 t2 0 3.434m

cthd t3 0 4.488m

cth5 t4 0 133.595m

cthé Tcase 0 190m

Figure 10 Screenshot of SPICE parameters for IPB048N15N5, with thermal capacitances marked in red
Values inside the red boxes show the thermal capacitances, where “u” means “micro” and “m” stands for “milli”.
The unit for the thermal capacitance is Ws/K. In summary, the overall thermal capacitance results in ~0.34 Ws/K.
The temperature rise can be calculated to:

AT=P *t/Cn=1** Rps(on) / Cth

With the values of our example in the last chapter, and using the SPICE figures for the thermal capacitance, this
results in a temperature rise of:

AT~(300 A)%*0.0095 Q * 100 ps / (0.34 Ws/K)~0.25 K
This means the complete part heats up by only ~0.25 K if no external heatsink is used.

In our example this results in an end temperature of 80.25°C, and this is the start temperature for the next
“shot”.
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4 Repetitive high-power pulses without sufficient cooling

4.1 Short description of the cases and their technical background

Small pulses, which on their own aren’t critical for the MOSFET, can become critical with a high-enough
repetition rate and insufficient cooling time.

Figure 11 shows the circuit used for this investigation. It represents a short-circuit case in the application. A
battery supplies the voltage of V1 =36V, and parasitic inductances and resistances are represented by L1 and
R3. The active device is the 60 V MOSFET IPTOO7NO6N.

V2 switches this MOSFET on for 50 ps with Vgs = 10 V and then off for 10 ms. This mimics a short-circuit case,
which is registered and canceled by switching the MOSFET off within 50 ps.

R2 =100 Q is used as a gate resistor and to allow active clamping through D2. For this a diode with breakdown
voltage of 47 Vis used. This is to ensure that it breaks down under the whole temperature range before the
MOSFET does. Then it raises Vg by roughly Vpg - 47V, slowly switching the device on and avoiding Vps rising to
a level which could cause avalanche in the device.

D1is used to avoid current flow from gate to drain in the case that the MOSFET switches on with a very low
drain-source voltage (Vgs > Vps). The thermal network is connected to T;.

Clis setting the start temperature to 25°C. It is important that this capacitance is very small in order not to
change the thermal behavior of the MOSFET. R1 represents the thermal resistance, here 10 K/W.

V3 is setting the ambient temperature to 25°C. A voltage probe at the Tj terminal provides the information about
the temperature of the junction of the MOSFET.

DiN4145 . D2 | . e

© BZD2V-47

Vidgn
g o UtEn
| Cemomess

"5 Pulse(0 10 10m 1n 1n 50u 20m)

drain ate
V2 E

source | T
Tcase, .

IPROBEA

Figure11 Circuit example for thermal simulation
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4.2 Thermal simulation with SPICE
160
120 A
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Figure 12 Temperature response of the circuit of Figure 11 with a starting temperature of 25°C (red) and

50°C (green). The voltage equals the temperature in degrees Celsius. On the right-hand side a
detail of the first pulse is shown

If, due to board limitations for example, we allow a maximum temperature of 150°C, we see in Figure 12 that we

can allow 83 pulses or slightly more than 1.6 s without violating this limit. If we chose a starting temperature of
50°C, we can only allow 52 pulses, or a bit more than 1s.

4.2.1 The effect of cooling

In the schematic of Figure 11 cooling is already integrated. The high frequency of the pulses still heat the device
up to its limits. Further immediate pulses will heat the device above its datasheet specification. A typical
solution is to avoid the occurrence of those conditions for a certain time, e.g. by shutting down the application.
Figure 13 shows the temperature response of the circuit in Figure 11, as shown in Figure 12, followed by a
pause of around 1 s to allow the device to cool down. The first set of pulses starts at the ambient temperature of
25°C, heats up the device close to 150°C at the peak, and lets it cool down to 50°C. This is the starting
temperature of the new set of pulses. It can be clearly seen now that fewer pulses can be allowed until the
previously set temperature limit is reached. This also fits the results in Figure 12.

140

120

100

80

Temperatur T/ C

I e

05 15 2 25 3 35

Time/Secs 500mSecs/div

Figure 13 The simulation of Figure 12 followed by 1 s pause and additional pulses
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4.3 Pocket calculator method

In Chapter 3 a method was explained for rectangular pulses. As seen in Figure 14, in reality voltage and/or
current do not have this perfect shape.

So at first glance the method described earlier doesn’t work in this scenario.

For short pulses, e.g. up to a few hundred ps, it is nevertheless possible without losing too much precision.

In the following a scenario in which the current increases due to a malfuntion (short-circuit or similar) from a
very low to a very high level is assumed.

In the example of Chapter 4 the drain current rises up to 320 A before the current protection starts to switch off
the MOSFET. Immediately the drain-sourve voltage Vpg jumps to the clamping level ~55 V.

The MOSFET’s drain-source voltage is limited by the clamping circuit described in Chapter 4. Drain-source
voltage and drain current are shown in Figure 14 and already simplified in Figure 15. The drain current
decreases and reaches 0 V after ~21 ps. Now the Vpg again reaches the original value of 36 V.

Figure 14 Drain-source voltage and drain current

Vos

vl ~55 v’-*‘

[Aly 320 A

; t [ps]
t t
Figure 15 Drain-source voltage and drain current simplified
I,
(Al 320 A
255 A
135A
: ; 40 A
52p 7us §7ps i70s ot [us)
to t 6t t,
Figure 16 Drain current step-by-step approximation
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In the first ~50 us seconds (tg - t;) the current rises to the maximum value of ~320 A. For a first approximation
the current can be assumed to be a rectangular 200 A pulse. The MOSFET is completely switched on, i.e. the
maximum power losses occur at the end of this short pulse with 12*Rpson)~28 W.

Using steps 1-5 from chapter Chapter 3.1 we get with (28 W 50 ps) and Zy,;c~0.02 K/W:

> AT~28 W * 0.02 K/W =0.56 K

This is a negligible junction temperature rise. Even if a rectangular current pulse with 320 A is assumed the
temperature only rises by AT~1.26 K during this time.

As mentioned in chapter Chapter 3 the Z;,,c diagram is valid only for rectangular pulses. But with a few
assumptions the waveform can be replaced by a series of separate rectangular current pulses (Figure 17 to
Figure 19).

In the first step the decreasing current is chopped into a few slices, ideally with the same length (Figure 17).
The next step is to connect these points with straight lines. This also includes a small safety margin, as these
lines are above the original waveform

Ip
[A] 320 A

52ps 7us é7ps §7us it [ps]
to t 2 t; ts

Figure 17 Drain current step-by-step approximation

Simplifying further by taking the average current in each time frame leads to this picture (Figure 18):

Ip
[A] 320 A

52ps:
to ot 3 4

Figure 18 Drain current step-by-step approximation

Between t, and t, we have losses following P =V * | and this allows us to again build an average value:

Ip
(Al 320 A

143 A

52u 21ps t [ps]
to ty ts

Figure 19 Drain current step-by-step approximation
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Repetitive high-power pulses without sufficient cooling

In the following, the five-step approach shown in Chapter 3 is modified.
Step 1: Find the working point in the Zy,,c diagram. With a 21 ps pulse Zyj c is ~0.011 K/W.

10°

107

Zyp e [KIW]

102

single pulse

10%
10 108 104 102 102 101 10°

t,[s]

Figure20 Z;,,c~0.011 for a single 21 ps pulse

Steps 2 and 3 can be skipped, and the losses can be calculated directly using voltage and current:
P=55V* 143 A~7865W

Step 4: Use the formula AT = P*Zyc.

Step 5: Insert values: AT=55V * 143 A* 0.011 K/W ~ 86 K.

With our start temperature of 25°C we get a junction temperature of T;~111°C.

Please be aware that this is not the temperature of the complete and packaged part; it is only the junction
temperature.

Adding the temperature rise between ty and t; results in a junction temperature increase by a few degrees
Celsius, resulting in a junction temperature of ~112°C, which is still acceptable.

As a last step it is necessary to know the start temperature for the next “shot”, shown in detail in chapter
Chapter 3.2, now modified for the IPTOO7NGON.

Each shot increses the overall temperature of the device by ~0.5 K, e.g. with a starting temperature of 25°C
appromimately 70 shots are possible without violating the 150°C limit.

4.4 Limitations of the pocket calculator method

The method described is useful if a quick assumption is required. It uses a few worst-case assumptions,
resulting in too-high values.

This simple way to extract temperatures is limited if the thermal management is more complex, as in the case of
external thermal resistances, e.g. a heatsink.

Then the temperature does not rise by the same amount each time, and the temperature will reach a maximum
value without further increase, as shown in Chapter 5.3.

4.5 Comparison

The simulation and the calculation results are slightly different for 75 K rather than 86 K.
This difference is due to the safety margins we used in our simple calculation.

The pocket calculator method can be used to prove the results of the simulation, and is also useful if no
simulation software is available.
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Repetitive high-power pulse with sufficient cooling

5 Repetitive high-power pulse with sufficient cooling
5.1 Short description of the cases and their technical background
5.2 Thermal simulation with SPICE

An alternative to shutting down the device to allow it to cool down is to limit the repetition rate of the
conditions causing the device to heat up. In Figure 21 the 50 s pulses of the previous graphs are shown, with a
frequency of 30 Hz. This allows the device to cool down sufficiently and avoid over-heating.

140 |

1204 H

100

Temperatur Tj / C

0 2 4 § 10

Time/Secs 2Secs/div

Figure 21 The simulation of the circuit of Figure 11 with a low duty cycle. The device is switched on for
50 us and then switched off for 40 ms

5.3 Pocket calculator method
In Chapter 4.3 the peak temperature rise was calculated to ~90 K.

A continuous pulsed mode is possible if the averaged power losses are low enough that the junction
temperature doesn’t exceed the 150°C limit. So each pulse has to start at 150°C - 90°C = 60°C (or less) .

The thermal resistance is taken from the case to the ambient assumed with 10 K/W in our (simulation) example.

The averaged power can be calculated using the results from chapter Chapter 4.3 together with the repetition
rate of

40 ms: P4, ~4 W.

The peak temperature is not visible outside, and the case shows the averaged temperature increase of
AT=4W * 10 K/W =40 K, e.g. a starting temperature for each pulse of 25°C + 40°C = 65°C.

5.4 Comparison

The results differ ~10% (65°C versus 72°C), which should be acceptable. Simulation and the simple calculation
both lead to reasonable results.
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6 Hot-swap applications/limitations

In hot-swap applications the MOSFET has to work for a much longer time (up to tenths of ms) in the linear
mode.

Due to some more complex effects like hot-spot creation the methods shown can’t be used under these
conditions to check the datasheet limits for standard MOSFETSs.

Special devices like the Linear FET are optimized for working in hot-swap applications like telecoms, or similar.
Please refer to AN_201705_PL11_005 “Linear FET combines advantages of Planar and Trench MOSFETs”.
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7 Summary

There are several ways to check whether the devices operate within the specifications.

Both simulation and the simpler method lead to similar results and either could be used depending on the
complexity.

The simulation software allows for more complex conditions beyond the scope of the “pocket calculator
method”.

If simulation software and good SPICE models are available, this should be the first choice.
Otherwise the “pocket calculator method” is a good way to get acceptable results.

Application Note 18 V1.0
2017-12-19



Dynamic thermal behavior of MOSFETs
Simulation and calculation of high power pulses

Revision history

Revision history

afineon

Document
version

Date of
release

Description of changes

Application Note

19

V1.0
2017-12-19



Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Edition 2017-12-19
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2018 Infineon Technologies AG
All Rights Reserved.

Do you have a question about any
aspect of this document?

Email: erratum@infineon.com

Document reference
IFX-hrs1513772506748

IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a description
or warranty of a certain functionality, condition or
quality of the product. Before implementation of the
product, the recipient of this application note must
verify any function and other technical information
given herein in the real application. Infineon
Technologies hereby disclaims any and all warranties
and liabilities of any kind (including without limitation
warranties of non-infringement of intellectual property
rights of any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments to
evaluate the suitability of the product for the intended
application and the completeness of the product
information given in this document with respect to such
application.

WARNINGS

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon Technologies,
Infineon Technologies’ products may not be used in
any applications where a failure of the product or
any consequences of the use thereof can reasonably
be expected to result in personal injury


mailto:erratum@infineon.com

	About this document
	Table of contents
	1 Introduction
	2 Thermal simulation with SPICE
	2.1 Thermal model of the MOSFET
	2.2 Case temperature and cooling
	2.3 Junction temperature

	3 Pocket calculator method
	3.1 Calculation of the junction’s peak temperature
	3.2 Calculation of the MOSFET’s end temperature

	4 Repetitive high-power pulses without sufficient cooling
	4.1 Short description of the cases and their technical background
	4.2 Thermal simulation with SPICE
	4.2.1 The effect of cooling

	4.3 Pocket calculator method
	4.4 Limitations of the pocket calculator method
	4.5 Comparison

	5 Repetitive high-power pulse with sufficient cooling
	5.1 Short description of the cases and their technical background
	5.2 Thermal simulation with SPICE
	5.3 Pocket calculator method
	5.4 Comparison

	6 Hot-swap applications/limitations
	7 Summary
	Revision history
	Disclaimer

