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(57) ABSTRACT 

The invention regards an method for estimating the end of 
lifetime for a power semiconductor device, such as an IGBT 
power module, comprising the steps of establishing the 
temperature of the power semiconductor device, determin 
ing the Voltage drop over the power semiconductor device 
for at least one predetermined current where the current is 
applied when the power semiconductor device is not in 
operation, wherein the end of lifetime is established depen 
dent on the change in a plurality of determined Voltage 
drops. 
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METHOD FORESTMLATING THE END OF 
LIFETME FOR A POWER 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is the U.S. National Phase of PCT/ 
EP2012/061949 filed Jun. 21, 2012, which claims priority of 
European Patent Application 11170704.8 filed Jun. 21, 2011, 
and U.S. Provisional Patent Application 61/534,565 filed 
Sep. 14, 2011. 

FIELD OF INVENTION 

The invention relates to a method and an apparatus for 
estimating the end of lifetime for a power semiconductor 
device and a wind turbine using the method or comprising 
the apparatus. 

BACKGROUND OF THE INVENTION 

Power semiconductor devices, also known as power 
devices, are known in the art and used as Switches or 
rectifiers in power electronic circuits. In wind turbines 
power semiconductor devices can be used to connect the 
generator with the grid. In some wind turbines power 
converters (comprising semiconductor devices) controls the 
power flow to the grid. 

It is known in the art that power semiconductor device 
wear out due to mechanical and thermal stress, therefore it 
is desirable to be able to estimate the end of lifetime or 
remaining lifetime for a power semiconductor device. This 
makes it possible, for example, to plan the replacement of 
the devices before a critical failure. 

U.S. Pat. No. 5,877,419 discloses a method for estimating 
the service life of a power semiconductor component, com 
prising the steps of Subjecting the component to a periodic 
load change, measuring an electrical parameter P of the 
component that serves as an indicator for reliability or 
durability against the number N of load changes, calculating 
a derivative dP/dN of the electrical parameter Paccording to 
the number N of load changes; and comparing the derivative 
dP/dN with a target value representing a determined service 
life. 

U.S. Pat. No. 5,650,336 disclose a method for predicting 
the lifetime of a semiconductor device, in which the time 
from application of an electric stress, including a current and 
a Voltage, onto an element of the semiconductor device until 
said element becomes unusable, is measured and thereafter 
the lifetime of the semiconductor device is predicted, with a 
second electric stress applied, while utilizing a test, in which 
a first electric stress is applied. This method is destructive 
and renders the semiconductor device usable. Further, the 
method applies stress to an element of the semiconductor, 
Such as a gate oxide film, which makes it impossible to 
predict the end of lifetime for the semiconductor device. 

SUMMARY OF THE INVENTION 

Considering the prior art described above, it is an object 
of the present invention to estimate the end of lifetime for a 
power semiconductor device. Such as an IGBT power mod 
ule, in a reliable manner and well ahead of a failure in order 
to take the necessary action to prevent down time. 

The object can be achieved by means of a method, 
comprising the steps of establishing the temperature of the 
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2 
power semiconductor device, determining the Voltage drop 
over the power semiconductor device for at least one pre 
determined current where the current is applied when the 
power semiconductor device is not in operation, wherein the 
end of lifetime is established dependent on the change in a 
plurality of determined Voltage drops. 

Thus, it is possible, in greater detail and more precisely, 
to estimate the end of lifetime of a power semiconductor 
device. As cost of down time for an apparatus using a power 
semiconductor device can be expensive the knowledge of 
the end of lifetime can be used to plan the change of the 
power device before actual failure. Estimation of the end of 
lifetime can also be interpreted as a measure for the wear out 
of the power semiconductor device. 

In case of a wind turbine the knowledge of the end of 
lifetime for a power device can prevent loss of production as 
the power device can be replaced and/or be de-rated in order 
to keep the power device in production until change of the 
device can be made. Further, it is noted that the power 
semiconductor device can be used in between the Voltage 
drops are determined and after the end of lifetime is esti 
mated. It is an advantage of the present invention that 
lifetime can be estimated with only a short non-operation 
period of the power semiconductor device. In other words 
the method is non-destructive for the power semiconductor 
device. 
Power semiconductor device can be understood as a part 

of a power converter, Such as a power inverter or power 
stack. The power semiconductor device can be build up of 
diodes, such as power silicon or silicon carbide diodes, or 
switches, such as MOSFETs, IGBTs, GTO's, IGCT's, 
thyristors or silicon carbide switches. 
A power semiconductor device of a power converter are 

loaded differently during the lifetime of a power semicon 
ductor device and it is impossible to produce all power 
semiconductors of one type, completely identical, which 
results in different electrical resistance over the power 
semiconductor device. Among other things, this has made it 
impossible to determine the end of lifetime for a power 
semiconductor device in the past. However, by use of the 
present invention this is now possible. 
The expression “not in operation should be understood in 

Such a way that the power semiconductor device is not 
performing the task that it is intended for in the system 
wherein it is installed. A power semiconductor device can be 
in operation or not in operation, when in operation the power 
semiconductor device converts power in the apparatus 
where it is installed and when not in operation the semicon 
ductor does not convert power in the apparatus where it is 
installed. For example, a power semiconductor device in a 
power inverter, is not in operation when it is not actively 
conducting current to be converted. Alternatively one of the 
following words can be used, not in action, off-line or non 
production mode. 

In a power device there can be one or more thermal stacks 
with power semiconductor material (also known as a power 
semiconductor chip or simply chip) thermally connected to 
a baseplate, the connection can be secured by isolation and 
solder. Further structural possibilities for thermal stacks in a 
power semiconductor device are known in the art, for 
example the thermal stack can be made without a baseplate. 
The baseplate can be made from copper or AlSiC and 
connected to a heat sink, such as a liquid cooling system. As 
there is a temperature gradient in the thermal stack when the 
power device is in operation, the temperature of the chip is 
not identical to the temperature of the liquid or the base 
plate. Therefore it is an advantage to perform the Voltage 
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measuring when the temperature is known and when the 
device is not in operation. This is because the temperature 
gradient in the thermal stack is minimal when the power 
semiconductor device is not in operation as no heat is 
produced in the silicon chip. 

In an embodiment, the end of lifetime is established by 
comparing the plurality of determined Voltage drops with a 
reference data set of voltage drops. Preferably, the reference 
data set is established via accelerated tests. This ensures a 
simple and systematic way of evaluating the end of lifetime. 
Alternatively, actual measurements from a similar power 
semiconductor device or theoretical calculated can be used 
as reference data. It is to be understood that every type and 
specific construction of a power device and converter design 
could require its specific reference data set. 

Advantageously, the reference data set can be substituted 
with a new updated reference data set at any time. As the 
condition and the gradual wear out of the power semicon 
ductor device changes over time it is an advantage to be able 
to update the reference data set at any time. 

In an embodiment, estimated end of lifetime is used to 
change a derating factor for the power semiconductor 
device. This is a way of ensuring a prolonged lifetime of the 
power device. By derating factor is meant that the Voltage, 
current or Switching frequency over the power device is 
diminished by a factor compared to the rated maximum for 
the device. 

Preferably, the temperature is established by determining 
the temperature of a power semiconductor chip comprised in 
the power semiconductor device. This temperature is also 
known as the junction temperature of the chip. This can be 
done by measuring the temperature directly on the power 
semiconductor chip via a temperature sensor or indirectly by 
exploitating the dependence between the Voltage drop and 
the temperature of the chip. 

Preferably, the temperature is established by heating the 
power semiconductor device to a predetermined tempera 
ture, preferably by use of a liquid in thermodynamic contact 
with the power semiconductor device. This can be done by 
heating the liquid to any desired temperature. Such as 30°C., 
40° C., 50° C., 60° C., 70° C., 80° C., which will ensure that 
the power semiconductor device has the desired temperature 
when not in operation. 

In an embodiment, the temperature is established when 
the power semiconductor device is not in operation. This 
requires additional time wherein the power semiconductor 
device is not in operation. On the other hand it makes it 
possible to have a measurement cycle entirely devoted to 
determine the voltage drop that can be initiated when the 
device is not in operation and secure that the method for 
estimating the end of lifetime does not influence the opera 
tion of the device. 

Preferably, the power semiconductor device has not been 
in operation for at least five times the thermal time constant 
of the thermal Stack. This ensures that gradient temperature 
in the power semiconductor device and/or the stack is 
minimal. 

Advantageously, the current is applied for less time than 
10% of the thermal time constant for a silicon chip com 
prised in the power semiconductor device. When determin 
ing the Voltage drop over the power semiconductor device 
the device has to be activated and current will go through it. 
This heats the power device. In order to ensure that the 
thermal energy does not rise to a level where it will influence 
significantly on the determining of the Voltage drop the 
current can be applied for a short time only. The short time 
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4 
can be less time than 10% of the thermal time constant for 
the silicon chip, for example, less than 1 millisecond. 

In an embodiment, determining the Voltage drop is estab 
lished as a function of the lifetime consumption for the 
power semiconductor device. Activation of the power device 
is normally not evenly distributed over time. Therefore, it 
can be an advantage, when evaluating the wear out of a 
power device, to use the lifetime consumption that the 
device has performed instead of the actual time. Lifetime 
consumption can also be understood as the number of 
equivalent cycles, which is advantageously when compari 
son with accelerated tests are performed. 

In a further aspect the present invention regards an 
apparatus for estimating the end of lifetime for a power 
semiconductor device. Such as an IGBT power module, in a 
power conversion apparatus, comprising; means for estab 
lishing the temperature of the power semiconductor device, 
means for determining the Voltage drop over the power 
semiconductor device for at least one predetermined current 
where the current is applied when the power semiconductor 
device is not in operation, means for establishing the end of 
lifetime based on the change of a plurality of determined 
Voltage drops. 

Thus, the apparatus enables greater detail and more pre 
cisely estimate the end of lifetime of a power semiconductor 
device. 
The means for establishing the temperature can be an 

active device where the temperature is determined and then 
the power semiconductor device is either cooled or heated to 
a desired temperature. It can also be a passive device where 
the temperature is determined by a temperature sensor or by 
a voltage drop measurement where the dependence between 
the Voltage drop and the temperature of the chip is exploited. 
The means for determining the Voltage drop can be an 

analog-to-digital converter (ADC). The means for establish 
ing the end of lifetime can be a unit that can calculate and/or 
compare data, such as a micro processor. 

It is to be understood that the apparatus can be modified 
in Such a way that it can perform any of the methods 
described in the claims. 

In an embodiment, the means for establish end of lifetime, 
compare the plurality of determined Voltage drops with a 
reference data set of voltage drops. Preferably the reference 
data set is established via accelerated tests. This ensures a 
simple and systematic way of evaluating the end of lifetime. 
It is to be understood that every type and specific construc 
tion of a power device requires its specific reference data set. 
It is also an advantage to use similar measuring tools and 
similar setup for the accelerated tests as the method for 
estimating the end of lifetime for a power semiconductor 
device as this eliminates some of the systematic errors or 
other errors. 

In an embodiment the apparatus further comprises at least 
one gate drive for the power semiconductor device, wherein 
the means to measure the Voltage is integrated in the gate 
drive. As a power module will most likely need a gate drive, 
Such a gate drive can comprise; a gate controlling circuit, a 
Switch mode power Supply, a interface to control system 
through a galvanic isolated barrier or level shift, a shoot 
through and/or overcurrent protection, a logic to prevent 
shoot through and minimum dead time generation. To lower 
the cost of the measuring circuit it can use Some of the 
components of the gate drive, such as the Switch mode 
power Supply and/or parts of interface to control system. 
Further the Voltage measurement can be used as a de 
saturation protection circuit and protect the power module 
against overcurrent. 
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In an embodiment, the apparatus further comprises means 
for substituting the reference data set with a new updated 
reference data. These means could be a micro processor, or 
incorporated into another control device already comprised 
in the device. 

In an embodiment, the means for establishing the tem 
perature heats the power semiconductor device to a prede 
termined temperature, preferably by use of a liquid in 
thermodynamic contact with the power semiconductor 
device. This ensures a simple way of establishing the 
temperature of the power semiconductor device. 

In an even further aspect the present invention regards a 
wind turbine comprising a power semiconductor device and 
an apparatus as described above. Using the device or method 
described above to estimate the end of lifetime for power 
semiconductors devices in a wind turbine has several advan 
tages, as mentioned above. 

Lost production means lost income for the turbine owner, 
thus there is a clear economical incentive to ensure that the 
turbine is in production at all times. On the other hand power 
modules are expensive and should not be changed until close 
to their end of lifetime. The above described apparatus and 
method can ensure that cost are minimised while the turbine 
is kept in production. Hence, at least the following situations 
can be controlled, when end of lifetime can be established: 
Change of the power device can be planed ahead of the 
actual malfunction of the device, this is especially important 
for off-shore wind turbines as they are more difficult to 
reach. When the end of lifetime approaches the power can be 
de-rated which prolongs the lifetime of the power device, 
and power production of the wind turbine can continue until 
the power device can be replaced. Alternatively or in com 
bination with a de-rating the power flow distribution for a 
plurality of power devices can be altered so that power 
devices closest to end of lifetime carry least current or is 
taken out of operation. 

In an embodiment, the wind turbine further comprises a 
liquid based system in thermodynamic contact with the 
power semiconductor device, wherein the liquid system 
comprises means for controlling the temperature of the 
liquid, preferably further comprising a heater suitable to heat 
the liquid to the desired temperature. The heater can be an 
electrical heater. In this embodiment the conventionally used 
cooling liquid can be used to heat the power device and in 
this way establish the desired temperature of the power 
device. 

Advantageously, the wind turbine further comprises a 
wind turbine control system operationally connected to a 
power converter comprising the power semiconductor 
device and that the liquid system is operationally connected 
to the power converter. Preferably, the wind turbine control 
system is operationally connected to the liquid system. 
Using the already installed wind turbine control system to 
perform the steps for estimating the end of lifetime lowers 
the cost for the incorporation of the estimation of the end of 
lifetime compared to installing a new device in the wind 
turbine. 

DESCRIPTION OF THE DRAWINGS 

The invention will in the following be described in greater 
detail with reference to the accompanying drawings: 

FIG. 1 a schematic view of a diode and a switch 
FIG. 2 a graph of the relationship between the current, 

Voltage and temperature 
FIG. 3 a schematic view of a measuring circuit 
FIG. 4 a schematic view of power semiconductor stack 
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6 
FIG. 5a a graph of a current ramp 
FIG. 5b a graph of voltage measurements 
FIG. 6 an example of data from an accelerated test 
FIG. 7 a schematic flow diagram of an embodiment of the 

invention 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention relates to estimation of remaining or end of 
lifetime for power semiconductor devices being part of 
power converters, and for example being build up of active 
switches and/or diodes, for example: IGBTs, Thyristors, 
GTO's, MOSFETs, IGCT's, silicon carbide switches, 
power silicon diodes or power silicon carbide diodes. The 
estimation method is based on the establishment (e.g. mea 
Surement) of the Voltage drop across the power device, when 
it is conducting a current. These voltage measurements are 
then stored and the end of lifetime is estimated on the basis 
of changes in the Voltage drop as a function of the lifetime 
consumption by the power device. 
When current flows through the power device, such as a 

diode or an IGBT switch a Voltage drop is generated across 
the component as shown in FIG. 1. The voltage drop can be 
divided into a Voltage drop across a resistive part and Voltage 
drop across the PN junction inside the semiconductor chips. 
Resistance lies in terminals, busbars, bonding wires, chip 
surface and in the silicon itself. Normally the PN junction 
has a negative temperature coefficient while the resistive 
part has a positive temperature coefficient, which leads to a 
voltage drop characteristic as shown in FIG. 2. Here can be 
seen an example of a relation between the current (I) and 
voltage drop. Vice is the voltage drop over a switch and Vd 
is the voltage drop over a diode. FIG. 2, graph 3 shows the 
relation when the power device is cold and the graph 4 
shows a “warm” power device. This means that when the 
temperature rises, which occurs when the power device is 
activated, the relationship between the current and the 
Voltage drop alter. 
When a power device (switches and/or diodes) is used the 

internal resistance will increase due to wear. This can be due 
to solder cracks, surface cracking or bondwire liftoff. Thus, 
an increase of resistance will change the current/voltage 
behaviour; this is shown on FIG. 2. Graph 4 will change to 
the graph 5 when the power device is worn. In other words, 
the changes in Voltage when the same current is applied at 
the same temperature indicate wear out of the power device. 

This means that it is possible to estimate the end of 
lifetime and/or wearout of a power device when the current 
is determined as a function of the number of cycles of the 
power device, for a given temperature and current. A change 
(e.g. rise) in Voltage indicate that the end of lifetime is 
approaching. 

Detecting the change in Voltage drop caused by the 
wearOut of the power device can be challenging, because 
changes in the mV range must be detected while the power 
device is conducting compared to the Voltage in the kV 
range that is across the power device when it is blocking. An 
example of a measuring circuit can be seen in FIG. 3. Here 
a measuring circuit 6 comprises a relay 7 which can block 
the high voltage across the test object 9 with a power device 
(such as IGBTs and/or diodes) and an Analog to Digital 
Converter (ADC) 8. The relay 7 can be mechanical and/or an 
electronic switch. When the test object 9 conducts, the relay 
7 is closed so that the ADC 8 can detect the voltage drop 
across the power device. The relay 7 may be a mechanical 
relay or a semiconductor switch (e.g. MOSFET). 
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FIG. 4 shows a thermal stack, with a power chip 10, 
baseplate 12 of copper where between there is a ceramic 
layer 11 which isolates between the chip 10 and the base 
plate 12. A power device can comprise one or more thermal 
stacks. The baseplate 12 is in contact with a liquid 13 that is 
part of a cooling circuit for the power device. If no loss has 
been generated in the chip 10 for some seconds, then the 
chip 10 temperature is equal (or very close to) the liquid 13 
temperature. This means that the temperature can easily be 
determined e.g. via a temperature sensor that measures the 
liquid temperature. Hereafter the voltage can be determined 
by applying a current and measuring the Voltage. As apply 
ing a current will heat the chip and lead to a temperature 
gradient over the stack, the most reliable data is obtained if 
the current is only applied for a very short time, such as 
maximum 100, 200, 300, 500, 1000 microsecond, or maxi 
mum 20%, 10% or 5% of the thermal time constant for the 
power chip. 

To improve the Voltage measurement, a current ramp, as 
seen in FIG. 5 can be used. Here a plurality of increasing 
currents is applied and corresponding Voltage is measured. 
In FIG. 5a the current (I) and time (t) current ramp can be 
seen where the dots are actual currents applied and the graph 
is a fitted line. The current ramp is applied for a very short 
time to keep temperature fluctuations at a minimum. In FIG. 
5b the voltage (Vce/Vd) measurements can be seen for the 
applied currents (I) as dots. A line is fitted for the voltage and 
current relation giving better accuracy for the Voltage deter 
mination for a given current. When having obtained the 
Voltage measurements as a function of lifetime consump 
tion, the increase in Voltage is an indication of end of life 
time. However comparing with reference data e.g. obtained 
via accelerated tests and/or actual data from similar power 
devices and/or theoretical calculations can improve the 
precision of the estimated end of lifetime. A reference data 
set should describe the voltage over the switch as a function 
of current and temperature. 

Accelerated tests can be performed by accelerating 
parameters. Such as coolant temperature and current. More 
specifically, accelerated tests can be performed by running at 
higher mean temperature and larger temperature deflection 
than normal operation. This can be achieved by increasing 
one or more of the following parameters: Liquid coolant 
temperature, Current, DC-link Voltage, Switching frequency 
or by reducing or increasing a fundamental frequency, 
(depending on operation as reduction yields larger tempera 
ture Swing and increasing gives more cycles pr. time unit), 
or Change of angle between modulated Voltage and current 
(changing the angle, one may shift loading from e.g. IGBT 
to diode, and thereby stressing IGBT or diode more than the 
other), or Change of modulation index (Increasing of modu 
lation index will lead to a higher load of either IGBT or 
diode) 

During the accelerated test, measuring sequences are 
introduced, similar to those described above to characterize 
the Voltage drop across the power device. An example of an 
accelerated test can be seen in FIG. 6 where voltage for a 
certain current are plotted versus powercycles. As can be 
seen the voltage increases towards the end of life. Some 
discrete steps 14 are also seen, originated from bondwire 
liftoff. When determining the end of lifetime it is possible to 
use the number of bondwire liftoffs and/or a continuous 
increase in Voltage as a measure of the end of wear out of the 
device. 

FIG. 7 shows a diagram for an embodiment of the 
invention. The method for estimation of the end of lifetime 
for a power semiconductor device initiates by establishing 
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8 
the temperature (establish temp.), this can be done as 
described above either by active liquid control, heating or 
cooling the cooling liquid, hereby controlling the liquid 
temperature or measure the temperature by other means, 
directly or indirectly. Afterwards it is secured that the power 
device is not in production (Non operation mode initiated) as 
this will secure that the chip temperature will equal the 
liquid temperature established in the previous step. Then the 
Voltage drop over the power device is determined by apply 
ing a current (Determine Voltage), the most reliable result is 
obtained when the current is applied for a short time so that 
the temperature of the power chip is not increased. Subse 
quently, the power semiconductor is then again released for 
production (Release for production). The determination of 
the Voltage is then repeated at a later time, e.g. after the 
power device has performed additional operational cycles 
(Repeat). The plurality of determined voltages is connected 
to the number of cycles performed by the power device, and 
the estimation of the of lifetime is then established on the 
basis of changes in the Voltage as a function of lifetime 
consumption (Estimate end of lifetime). 

In a wind turbine application the Voltage measurement 
circuitry can be used to detect wear out of the power 
modules. If the temperature of the chip and internal com 
ponents of the power module is known, one can measure an 
increase of resistance in the circuit, as described above. 
Intervals where the wind turbine is not producing power can 
be used. In Such a non operation situation, the chip tem 
perature is very well linked to the cooling liquid tempera 
ture, as described above. These non operation intervals can 
be; service situations, when there is no wind, during lubri 
cation sequence, cable unwinding, error on other compo 
nents or a forced stop. During those non operation intervals 
the Voltage measurement cycle may be executed. In a typical 
wind turbine application, the wind turbine control system 
controls the power converter by means of start/stop signals 
and reference signals, in addition to other signals. Depend 
ing on the configuration of the system, the liquid cooling 
system may be controlled by the power converter or by the 
Turbine Control system. Even though the cooling system 
may be controlled by the Wind Turbine Control system, 
there may still be a link to the power converter. This link 
may include measurements, safety signals etc. 
An end of lifetime estimation/wearout 

sequence, can be built up as: 
Heat up the cooling liquid to a predefined temperature, 

e.g. 50° C. The heating can be done by a heating 
element or by running the converter itself. In case of a 
planned stop of the power converter, the Wind Turbine 
Controller may initiate the heating of liquid before 
actual stop of the converter 

The power production of the converter is stopped. 
Measure the Voltage for a given current for each power 

semiconductor device that is monitored after stop of the 
power converter. 

Release the converter for power production. 
Compare the Voltage measurements made with previous 

generated reference data and estimate end of lifetime/ 
wearout of the power device. 

The invention claimed is: 
1. A method for estimating the end of lifetime for a power 

semiconductor device accommodated in a power converter 
comprising the steps of: 

establishing the temperature of the power semiconductor 
device, 

determining the Voltage drop across the power semicon 
ductor device during the flow of at least one predeter 

detection 
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mined current where said current is applied when the 
power semiconductor device is not in operation, 

repeating the step of determining the voltage drop a 
plurality of times thereby obtaining a plurality of 
determined voltage drops, and 

noting any change in said plurality of determined voltage 
drops; 

wherein the end of lifetime is established dependent on 
the change in said plurality of determined voltage 
drops. 

2. The method according to claim 1, wherein the end of 
lifetime is established by comparing the plurality of deter 
mined voltage drops with a reference data set of voltage 
drops. 

3. The method according to claim 2, wherein the reference 
data set is established via accelerated tests. 

4. The method according to claim 2, wherein the reference 
data set is a new updated reference data set. 

5. The method according to claim 1, wherein estimated 
end of lifetime is used to change a derating factor for the 
power semiconductor device. 

6. The method according to claim 1, wherein the tem 
perature is established by determining the temperature of a 
power semiconductor chip comprised in the power semi 
conductor device. 

7. The method according to claim 1, wherein the tem 
perature is established by heating the power semiconductor 
device to a predetermined temperature. 

8. The method according to claim 1, wherein the tem 
perature is established when the power semiconductor 
device is not in operation. 

9. The method according to claim 1, wherein the power 
semiconductor device has not been in operation for at least 
five times a thermal time constant of a thermal stack. 

10. The method according to claim 1, wherein the current 
is applied for less time than 10% of a thermal time constant 
for a silicon chip comprised in the power semiconductor 
device. 

11. The method according to claim 1, wherein the current 
is applied for less than 1 millisecond. 

12. The method according to claim 1, wherein determin 
ing the Voltage drop is established as a function of the 
lifetime consumption for the power semiconductor device. 
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13. An apparatus for estimating the end of lifetime for a 

power semiconductor device accommodated in a power 
converter comprising: 
means for establishing the temperature of the power 

semiconductor device, 
means for determining the voltage drop over the power 

semiconductor device for at least one predetermined 
current where the current is applied when the power 
semiconductor device is not in operation, 

means for repeating the above steps a plurality of times 
thereby plurality obtaining a plurality of voltage drops, 
and 

means for establishing the end of lifetime based on the 
change of a plurality of determined voltage drops. 

14. The apparatus of claim 13, wherein the means for 
establishing end of lifetime operates to compare the plurality 
of determined voltage drops with a reference data set of 
voltage drops. 

15. The apparatus of claim 14, further comprising means 
for substituting the reference data set with a new updated 
reference data. 

16. The apparatus of claim 13, wherein the apparatus 
further comprises at least one gate drive for the power 
semiconductor device, wherein the means to measure the 
Voltage is integrated in the gate drive. 

17. The apparatus of claim 13, wherein the means for 
establishing the temperature heats the power semiconductor 
device to a predetermined temperature. 

18. A wind turbine comprising: a power semiconductor 
device and the apparatus of claim 13. 

19. A wind turbine according to claim 18, comprising a 
liquid based system in thermodynamic contact with the 
power semiconductor device, wherein the liquid system 
comprises means for controlling the temperature of the 
liquid. 

20. A wind turbine according to claim 19, comprising a 
wind turbine control system operationally connected to a 
power converter comprising the power semiconductor 
device and that the liquid system is in operationally con 
nected to the power converter. 

21. A wind turbine according to claim 20, wherein the 
wind turbine control system is operationally connected to 
the liquid system. 


