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Abstract 

This paper presents a new method for the 

accelerated ageing tests of power semiconductor 

devices in photovoltaic inverters. Mission profiles are 

analysed: output current and ambient temperature are 

extracted over several years from multiple photovoltaic 

plants located in France. It is then proposed to create a 

particular ageing profile which takes into account not 

only the different constraints of the application of the 

photovoltaic inverters (high-frequency switching and 

sinusoidal-shaped current), but also reproduces a 

typical profile of the output current of photovoltaic 

inverters. Similarly, the ambient temperature varies as 

in the real application. By applying current injections 

with relatively long durations, the DBC (Direct Bonded 

Copper) substrates and the coolers are subjected to high 

temperature swings. This method should show better 

representation of the thermal behavior of DC/AC 

inverters used in photovoltaic applications, and is 

expected to show more representative results than 

traditional power cycling, thus reducing the favoring of 

certain failure modes to the detriment of others. 

1. Introduction 
In photovoltaic systems, the DC/AC inverter has the 

highest failure rate, and the anticipation of its 

breakdowns is still difficult [1]. According to several 

recent evaluations, transistors contribute on average to 

69% of the overall failure rate, diodes to 16%, 

capacitors to 14%, and magnetic elements to 1% [2]. 

Moreover, according to [3], power devices represent 

more than 30% of the total inverter’s failures, followed 

by the capacitors with a failure rate of approximately 

18%. Failures of PV inverters can occur under non-

intentional operations in islanding mode or under grid 

faults. It can also occur under normal operations due to 

several factors such as humidity, electrical overstress, 

temperature or other severe conditions. The most 

observed factors among those latter are related to the 

temperature, including peak temperature and 

temperature swings [1] [3]. In effect, the steady-state 

and cyclical temperature represent 55% of the stress 

sources [4]. 

[4] However, it can be found in [2] and [5] that the 

absolute temperature is not the dominant factor in the 

reliability performance, while thermal cycles contribute 

to a large percentage of the overall failure rate [6]. 

Hence, cyclic loads are more important than peak loads, 

especially because PV inverters often experience large 

temperature swings, due to variable solar irradiance and 

ambient temperature. In the case of high temperature 

variations, failures are usually induced by the mismatch 

in the coefficients of thermal expansion of the different 

materials in the chips and packages [2]. 

In this context, it is crucial to accelerate the ageing 

of the power modules to study their main failure modes. 

As a general rule, the accelerated ageing of power 

modules is carried out under aggravated conditions of 

current (Active Cycling) or temperature (Passive 

Cycling) in order to accelerate the ageing process. 

Unfortunately, when applying this type of accelerated 

ageing tests, some failure mechanisms that do not occur 

in the real application could be observed, while 

inversely, other mechanisms that usually occur could 

not be recreated [7]. 

This paper presents two methods of accelerated 

ageing of photovoltaic (PV) inverters’ semiconductors. 

Both are based on the analysis of real mission profiles: 

output current and ambient temperature data are 

extracted over several years from different photovoltaic 

power plants.  
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As represented in Fig. 1, a power losses estimation 

model as well as a thermal model are used to estimate 

the junction temperature profiles, corresponding to 

different output current and ambient temperature 

profiles [8]. The 1st one corresponds to the real mission 

profiles, the 2nd one corresponds to accelerated ageing 

profile built with the 1st method, and the 3rd one 

corresponds to the accelerated ageing profile built with 

the 2nd method. In Fig. 1, 𝐼 represents the RMS current 

profile at the output of the inverter over a fundamental 

period 𝑇𝑜𝑢𝑡 = 20 𝑚𝑠. 𝑃 is the semiconductor power 

losses profile, 𝑇𝐽 the junction temperature profile, ∆𝑇𝐽 

the temperature swings, 𝑇𝐽𝑀
 the mean temperature of 

each temperature swing, and 𝑇𝑎 the ambient 

temperature. 

Next, a cycle counting algorithm is appointed to 

extract the cycles from the junction temperature 

profiles, as well as the corresponding 𝑇𝐽𝑀
 and ∆𝑇𝐽 of 

each extracted cycle. Then, the ageing profiles are 

refined according to the desired 𝑇𝐽𝑀
 and ∆𝑇𝐽’s 

distributions. Afterwards, a comparison is performed 

between the different profiles, regarding the 

distributions of ∆𝑇𝐽  and 𝑇𝐽𝑀
. Finally, the tests’ duration 

is estimated using Palmgren-Miner rule with a lifetime 

estimation model. 

Fig. 1: Full approach of the study 

 

2. Methodology for accelerated 

ageing profiles generation 
2.1. Analysis of photovoltaics’ mission 

profiles 
The aim of this study is to create an accelerated 

ageing method, generating thermo-mechanical stresses 

in the semiconductors, while considering the 

photovoltaic application. Thus, mission profiles of 

inverters’ RMS output current and ambient temperature 

are extracted from four photovoltaic power plants, 

located in the south of France over three years: 2013, 

2014 and 2015. The mean power range of the power 

plants is ~ 4 MW (16 MW maximum), each covering 

approximetaly 55000 m². Moreover, the mean power of 

the monitored inverters is approximetly 1 MW, while 

the data sampling rate of extracted mission profiles (800 

MS each) is 1S/5s. Due to similarities within the data, 

one mission profile over a single year serves as an 

example in this paper. It is important to note that, in a 

real reliability study, it would be necessary to study data 

over many years. Indeed, by using data over only 3 

years, the profile could be largely modified by a 

singular event, for example a season that is cloudier 

than usual. However, because the present paper focuses 

on the methodology for obtaining an accelerated ageing 

mission profile, a study on over a relatively short 

duration (3 years) is proposed. 

The profiles of the current and ambient temperature can 

show clear sky days as in Fig. 2, or cloudy days as in 

Fig. 3, with Fig. 3.a highlighted in Fig. 4. The variations 

of the current as represented in Fig. 3.a lead to 

numerous and sudden variations of semiconductors’ 

junction temperature during the day. These variations 

lead to semiconductors’ damages as found in the 

literature in the case of IGBT power modules [9] [10]. 

By analyzing the current profiles, several characteristics 

can be identified, as it will be presented in the upcoming 

sections. It should be noted that the values of certain 

parameters may depend on the power plant’s location 

and size. An analysis is thus required for each case. 

  
a) Current 𝐼 b) Ambient Temperature 𝑇𝑎 

Fig. 2: 𝐼 and 𝑇𝑎 mission profiles over a clear sky day 
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a) Current 𝐼 b) Ambient Temperature 𝑇𝑎 

Fig. 3: 𝐼 and 𝑇𝑎 mission profiles over a cloudy day 

 

 
Fig. 4: Highlight on several current variations from Fig. 3.a 
 

2.1.1. The shape of the current 
As it can be noticed in Fig. 2.a, the shape of the RMS 

output current of the DC/AC inverter during the 

sunshine can be described by a mathematical equation 

as follows: 

𝛼 ∙ 𝑠𝑖𝑛(𝑡) ∙ cos (𝑡) (1) 

where 𝑡 is a parameter that is time dependant, and α a 

variable that includes several parameters such as the 

geographical area, the orientation of the photovoltaic 

panels, and many others [11]. The number of sunshine 

hours depends on the season as well as on the 

geographical zone, while no current is produced by the 

PV panels during the night. 

2.1.2. The diffuse current 
When the sun is hided by clouds, the output current 

is proportional to the diffuse solar radiation. This latter 

-represented over one day in Fig. 5- results from 

diffraction of sunlight by the clouds and its scattering 

by various molecules and particles suspended in the 

atmosphere, as well as from its refraction by the ground. 

The global radiation is equal to the sum of direct and 

diffuse radiations, where diffuse radiation at a given 

moment is close to 10% of the global radiation. Hence, 

the current produced during the passage of clouds at a 

given moment is close to 10% of the total current that 

the PV panels produced directly before the passage of 

the clouds [12]. In other words, the amplitude of the 

current variation during the passage of clouds ∆𝐼 is 

equal to 90% of the current produced before the passage 

of clouds 𝐼𝐶𝑙𝑒𝑎𝑟 .  

 

 

 
Fig. 5: Solar radiation over one day 

2.1.3. The slope of the current variations 
During traditional power cycling tests, the 

variations of the current are abrupt, which may 

accelerate the damage in the module, potentially in a 

non-representative way. As far as we know, the current 

variations’ slope has never been studied in the literature, 

despite the fact that the thermo-mechanical stress may 

depend on it. Thus, it was an interesting fact, during this 

study to consider the current variations slope during the 

accelerated ageing of the semiconductor devices. In 

order to build a profile that accelerates the ageing of the 

power modules of the DC/AC photovoltaic inverter, 

slight current variations were neglected. Thus, only the 

current variations higher than ∆𝐼𝑚𝑖𝑛 leading to ∆𝑇𝐽 ≥

30 𝐾 were retained, where the value of 30 𝐾 was 

arbitrarily selected. The value of ∆𝐼𝑚𝑖𝑛  can be 

determined using a thermal model. Fig. 6 illustrates the 

extraction of current’s considerable variations over 

several days represented with a red line. 

 
Fig. 6: Extraction of current’s considerable variations 

 

As shown in Fig. 6, the variation’s speed of the RMS 

current value can be very fast due to cloud passageway. 

Actually, it depends on the speed of the wind and hence 

varies from a season to another. It also depends on the 

size of the photovoltaic power plant and its location. 

Considering the available data, the maximum slope of 

these sudden variations is estimated to be: 
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∆𝐼

∆𝑡
  = 0.15 ∙ 𝐼𝑀𝐴𝑋  (A/s) 

 

(2) 

where 𝐼𝑀𝐴𝑋 is the maximum RMS current reached 

during one year. This slope is obtained through 

statistical studies carried out on current measurements 

from photovoltaic power plants located in the south of 

France, which may be different in another geographical 

zone. However, since all the PV plants are located in the 

south of France and have approximatively the same 

surface, very close current slopes were obtained for the 

studied PV plants over the different years. These slopes 

vary in the south of France from 0.05∙ 𝐼𝑀𝐴𝑋 to 0.15 ∙
𝐼𝑀𝐴𝑋, thus in order to allow for the acceleration of the 

ageing tests, the maximum value of 0.15 ∙ 𝐼𝑀𝐴𝑋 was 

chosen in the example presented in this paper.  

2.1.4. Delays between the current variations 
As mentioned previously, slight current variations 

are neglected. Thus only the delays between the current 

variations higher than ∆𝐼𝑚𝑖𝑛  are considered. The 

histogram illustrated in Fig. 7 represents the percentage 

of occurrences of the delays between these big 

variations, in other words, the delays between two 

consecutive passages of clouds inducing high 

temperature swings. It can be seen that approximatively 

60% of these delays are lower than 500 s and 90% lower 

than 1000 s (Fig. 7a). The cumulative representation of 

percentage of occurence on 300 s presented in Fig. 7b 

shows that more than 50% of the delays are lower than 

200 s. 

 
a. Delay between two variations 

 
b. Highlight on the delay times lower than 300 s (cumulative 

representation)  
 

Fig. 7: Histogram of occurrences (in percentage) of the delays 

between two consecutive big variations of the current 

2.1.5. Seasons 
By analyzing the photovoltaic mission profiles, it 

can be noticed that all the current’s characteristics are 

unconstrained by the seasons. However, in the south of 

France, it is noticeable that spring is the most 

constraining season, since it brings at the same time a 

high number of sunshine hours, high radiation levels, 

and a maximum number of high current variations due 

to cloudy periods.  

2.1.6. Ambient temperature 
The ambient temperature has a sinusoidal shape 

during the day (without considering the night), as 

represented in Fig. 8, with its extreme values depending 

on the geographical zone. It is noticeable that during the 

day, the temperature variations can be higher than 20°C. 

 
Fig. 8: Ambient temperature profile over one day 

2.2. 1st method: generating maximum 

variations 
2.2.1. Building the accelerated ageing profile 

Considering the characteristics of the photovoltaic 

mission profiles represented in the last section, this 

study proposes the accelerated ageing profile 

represented in Fig. 9. This profile of approximately 8.7 

h has the same shape as a one day PV mission profile 

(without considering the night). Similar to the real 

application, the maximum RMS current profile has a 

sinusoidal shape while the minimum current value after 

a current drop is equal to 10% of the current’s value 

before the occurrence of the variation. Hence, the 

current’s variation at a given time can be expressed as 

follows: 

          ∆𝐼 = 0.9 ∙ 𝐼𝐶𝑙𝑒𝑎𝑟  (3) 

where 𝐼𝐶𝑙𝑒𝑎𝑟  represents the RMS current’s value before 

a current drop or after a current rise (corresponding to a 

clear sky). This parameter is represented in Fig. 10 

highlighting Fig. 9.a, where 𝐼𝑀𝐴𝑋  represents the peak 

value of the RMS output current (refer to Section 2.1.2).  

It is noticeable that a truncation is applied at both 

extremes of the profile, so that the current value starts 

at 𝐼𝐿𝐼𝑀𝐼𝑇  instead of 0 to prevent inducing ∆𝑇𝐽 < 30 K, by 

applying ∆𝐼 ≥ ∆𝐼𝑚𝑖𝑛 . Hence, the value of 𝐼𝐿𝐼𝑀𝐼𝑇  can be 

determined after the application of the thermal model. 

As it can be seen in Fig. 9.b, the ambient temperature 

𝑇𝑎 has a sinusoidal shape varying 

between 𝑇𝑎𝑚𝑖𝑛
  and  𝑇𝑎𝑚𝑎𝑥

. The shape of this curve is 

deduced from the analysis proposed in §2.1.6 that 

describes the evolution of the ambient temperature over 

one day. The goal is to take into account the increase of 

the ambient temperature when the sun radiation is 

maximum.  

The maximum slope of the current is  
∆𝐼

∆𝑡
= 0.15 ∙

𝐼𝑀𝐴𝑋 (A/s), while 𝑇𝑜𝑛 and  𝑇𝑜𝑓𝑓   represent the delays 

between two current variations, as illustrated in Fig. 10. 

In this figure, it is considered that the ageing profile is 

constituted by a sequence of high radiation levels (clear 
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sky) followed by low ones (only diffuse radiation). Due 

to non-instantaneous radiation variations, the curve has 

a trapezoidal shape.  

The time delay between two consecutive ageing 

profiles 𝑡𝑝 = 15 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 allows for the relaxation of 

the viscoelastic constraints in the power module [13] 

[14]. 

  

a) Current 𝐼 b) Ambient Temperature 𝑇𝑎 

Fig. 9: Accelerated ageing profile simulating a day of real application 

 

 
Fig. 10: Highlight on several current’s variations 

2.2.2. Determining the profile parameters 
This section presents an example of the method 

implementation, in pursuance of determining the 

parameters values of the accelerated ageing profile, using 

simplified power losses and thermal models [8].  

2.2.2.1. Case Study 

This method is applied to a two-level three-phase 

photovoltaic inverter with a DC-link voltage 𝐸 of 1200 V, 

phase to phase output voltage of 690 V, grid frequency 

𝑓𝑜𝑢𝑡 = 50 Hz, modulation factor 𝑚 = 0.95, switching 

frequency 𝑓𝑠𝑤 = 20 kHz, and power factor cos𝜑 = 1. SiC 

MOSFET power modules CAS300M17BM2 (1700V-

300A phase-leg power module with Schottky antiparallel 

diodes and maximum junction temperature 𝑇𝐽𝑀𝐴𝑋
=

150 °𝐶) are selected to conduct this study. Ultimately, the 

heat sink is considered to have a time constant 𝜏𝐻 = 10 𝑠, 

corresponding to a water-cooled heat sink.  

 

2.2.2.2. Power losses and thermal models 

From the output RMS current profile depicted in Fig. 

9, it is possible to calculate the currents in the different 

power semiconductor devices of the inverter. Then, power 

losses and thermal models are used to estimate the 

corresponding power devices junction temperature 𝑇𝐽 for 

a given current profile. These models use advanced 

equations to shorten the computation time for mission 

profiles over several years with an important number of 

samples [15].  

The thermal model is based on the use of thermal 

impedances 𝑍𝑡ℎ𝐶𝐻
 (Case-Heat sink) and 𝑍𝑡ℎ𝐽𝐶

 (Junction-

Case) obtained from the manufacturer’s datasheet. 𝑍𝑡ℎ𝐻𝐴
 

(Heat sink-Ambient) is estimated considering the heat 

sink’s time constant 𝜏𝐻 = 10𝑠, while the global thermal 

impedance is determined using Foster equivalent 

networks [8] [16] [17]. The value of 𝑅𝑡ℎ𝐻𝐴
 -the Heat sink-

Ambient thermal resistance- is selected in a way to prevent 

𝑇𝐽 from exceeding 130 °C.  

Considering the heat sink’s model, the delay between 

two variations must be at least 30𝑠 (3𝜏𝐻) to obtain high 

temperature swings. On the other hand, the histogram 

represented in Fig. 7 shows that more than 85% of the 

time delays between the variations are higher than 30s. 𝑇𝑜𝑛 

and 𝑇𝑜𝑓𝑓  were therefore selected to be equal to 30𝑠, to 

maximize the number of large temperature swings ∆𝑇𝐽. 

Furthermore, using the thermal model, 𝐼𝐿𝐼𝑀𝐼𝑇  is found to 

be equal to 47% of 𝐼𝑀𝐴𝑋 . 
After introducing the accelerated ageing profile into 

the thermal model, the “Rainflow Algorithm” is applied to 

the resulting junction temperature profile, to obtain the 

corresponding ∆𝑇𝐽  and 𝑇𝐽𝑀
 (Fig. 1). These values are then 

compared to those given by the real mission profile. If they 

vary significantly, several parameters such as 𝐼𝑀𝐴𝑋, 𝑇𝑎𝑚𝑖𝑛
 

and 𝑇𝑎𝑚𝑎𝑥
 are modified until reaching the desired  𝑇𝐽𝑀

 

(with this method the temperature swings ∆𝑇𝐽 will be 

higher than in the real mission profile). By using the 

thermal model on this example it was found that the 

variations of the junction temperature can be maximized 

by altering the ambient temperature between  𝑇𝑎𝑚𝑖𝑛
=

25 °𝐶 and 𝑇𝑎𝑚𝑎𝑥
= 35 °𝐶. The resulting junction 

temperature profile is presented in Fig. 11, where it can be 

seen that the maximum 𝑇𝐽 is 130°C. Fig. 12 highlights Fig. 

11 when the maximum junction temperature swing is ≅ 

85°C. 
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Fig. 11: MOSFET junction temperature’s profile during the 

accelerated ageing (representing one day) 

 

 
Fig. 12: Highlight on several junction temperature variations from 

Fig. 11 

2.2.3. 2nd method: regenerating real variations 
In this method, all the variations of the RMS current 

which exist in the real measured profile over one year, that 

generate ∆𝑇𝐽 ≥ 30K are extracted and rearranged in the 

new accelerated ageing profile. Hence, instead of 

introducing current’s variations ∆𝐼 = 0.9 ∙ 𝐼𝐶𝑙𝑒𝑎𝑟 (as in the 

case of the first method), which is the maximum value of 

the variations induced by the passage of clouds, the 2nd 

method reproduces the real current variations ∆𝐼 of the 

measured current with slight modifications. Fig. 13 shows 

an example of the significant variations’ extraction from 

the measured mission profile. Once these variations are 

extracted, the long delays between them are reduced to 30 

s, in order to accelerate the ageing test. Consequently, the 

same number of significant current’s variations occurring 

during one year of application are accumulated into one 

accelerated ageing profile of approximately 36 hours long. 

Moreover, the variations are rearranged in a symmetrical 

way as visible in Fig. 14, in order to obtain a similar shape 

to that of a real mission profile over a cloudy day. 

 
Fig. 13:   Extraction of the significant variations from the 

current’s profile 

 

It should be noted that both accelerated ageing profiles 

have the same values of  
 ∆𝐼

∆𝑡
, 𝑇𝑜𝑛 , 𝑇𝑜𝑓𝑓 , 𝐼𝐿𝐼𝑀𝐼𝑇  and 𝑡𝑃, 

whereas the only differences lie in  ∆𝐼 and  𝑇𝑎 values. The 

ambient temperature 𝑇𝑎 still has a sinusoidal evolution, 

while the values of  𝑇𝑎𝑚𝑖𝑛
 and 𝑇𝑎𝑚𝑎𝑥

 can be modified. 

After introducing the 2nd accelerated ageing profile 

into the thermal model, the “Rainflow Algorithm” is 

applied to the resulting junction temperature profile, to 

obtain the corresponding ∆𝑇𝐽 and 𝑇𝐽𝑀
. The 2nd accelerated 

ageing profile can be obtained as represented in Fig. 14, 

after several refinements: since the delays between the 

variations are shortened to accelerate the ageing test, some 

refinements of the profile are necessary, consisting of 

slightly modifying the values of 𝑇𝑎 and ∆𝐼, to obtain 

similar ∆𝑇𝐽 and 𝑇𝐽𝑀
 distributions as those of the mission 

profile. Fig. 15 highlights the 2nd profile, where the 

obtained ambient temperature after the refinement 

alternates between 25 °C and 40 °C.  

 
a) Current 𝐼 

 

 
b) Ambient Temperature 𝑇𝑎 

 

Fig. 14:  2nd ageing profile accumulating all the significant 

variations occurring over one year 

 

 
Fig. 15:  Highlight of several current variations from the profile in 

Fig. 14 

3. Evaluation and comparison 
3.1. ∆𝑻𝑱 and  𝑻𝑱𝑴

 distributions 

As already stated, the Rainflow algorithm [18] is 

applied to the junction temperature profiles corresponding 

to the real application over one year, as well as profiles 

corresponding to the two ageing methods. Accordingly, 

Fig. 16 illustrates the obtained histograms of the 

percentage of the junction temperature cycles number, 

represented as a function of the average junction 

temperature swings (% Number of cycles = f (∆𝑇𝐽)). 

Similarly, Fig. 17 illustrates the histograms of the 
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percentage of the junction temperature cycles number, 

represented as a function of the average junction 

temperature value (% Number of cycles = f (𝑇𝐽𝑀
)). As 

previously mentioned, the 2nd method’s ageing profile has 

the same number of current’s variations as that of the real 

application mission profile. However, the number of 

cycles in Fig. 16 and Fig. 17 are represented as 

percentages, since the total number of the measured 

profile’s cycles over one year (~2000 cycles) is much 

higher than that of the 1st method ageing profile (~150 

cycles).  

It is noticeable that the 1st method generates close 

values of 𝑇𝐽𝑀
 to those of the real application, however the 

distributions of ∆𝑇𝐽 are still different. Actually, by 

inducing maximum current variations, the 1st method 

increases the number of high ∆𝑇𝐽 while decreases the 

number of low ∆𝑇𝐽, whereas the 2nd method shows almost 

similar distributions to those of the real application. 
 

 

Fig. 16:  Histograms of the percentage of the junction temperature 

cycles number, represented as a function of the average 

junction temperature swings %𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒𝑠 = 𝑓(∆𝑇𝐽) 

 

 

Fig. 17:  Histograms of the percentage of the junction temperature 

cycles number, represented as a function of the average 

junction temperature value %𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒𝑠 = 𝑓(𝑇𝐽𝑀
) 

 

3.2. Tests duration and acceleration factors 
Once ∆𝑇𝐽 and 𝑇𝐽𝑀

 histograms are established, it is 

important to verify that the application of the new ageing 

methods will not last for a long time compared to classical 

power cycling. Since the power module used in this study 

does not have a specific lifetime model, a lifetime 

estimation model from the literature is employed. While 

the literature presents several lifetime models [19] [20], a 

model represented in [16] [21] is used, since it takes into 

account a high number of parameters such as the blocking 

voltage rating of the chip (𝑉𝐶), the diameter (𝐷) of the 

bonding wire, the current per wire (𝐼𝐵), and the pulse 

duration (𝑡𝑜𝑛). Note that this model is adapted to IGBT 

power modules and is related to packaging degradation 

mechanisms such as bonded connections, rear chip 

soldering, DBC/base plate soldering, and substrate 

delamination. In the case of SiC power MOSFETs, other 

degradation mechanisms could occur, thus the following 

results are just given without any certitude on the actual 

physical ageing processes.  

Accordingly, Table 1 represents the accelerated ageing 

tests’ estimated durations, resulting from the application 

of this lifetime model on the histograms of the different 

methods. However, in this study the ageing test is 

performed by switching the semiconductors as in the real 

application, with 𝑇𝑜𝑛 = 𝑇𝑜𝑓𝑓 = 30 𝑠. Furthermore, this 

model does not take into account the slope of the current 

variations that was discussed earlier (§2.3.1). Thus, the 

recommended conditions for using this model are not 

totally respected. Accordingly, by considering these 

differences, the results obtained with this lifetime 

estimation model should be used only to get an 

approximate estimation of the test duration. 

Table 1:  Comparison of the different tests estimated durations 

Methodology 
Test duration 

(Days) 

Real application 4320 (~12 years) 

Classical Power cycling 𝑇𝐽𝑀
=

90°𝐶 and ∆𝑇𝐽 = 80𝐾, for 

constant ∆I, 𝑇𝑜𝑛 = 15𝑠 and 𝑇𝑜𝑓𝑓 =

15𝑠. 

40.9 (~1.5 

months) 

1st method-Maximum variations 73 (~2.5 months) 

2nd method-Real variations 
153.5 (~5 

months) 
 

It is noticeable from Table 1 that the classical power 

cycling applying relatively high ∆𝑇𝐽 = 80𝐾 at 𝑇𝐽𝑀
=

90°𝐶 is the fastest among the presented ageing tests, while 

the 2nd method is the slowest. However, this latter showed 

the best representation of the photovoltaic application. 

Nevertheless, the 1st method represents a compromise 

between the speed and the good representation of the 

application, hence it was applied in the first place during 

the ageing tests presented in [22]. 

 

4. Conclusions 
This paper demonstrated two new methods for the 

accelerated ageing of power semiconductor devices in 

photovoltaic inverters, created by analyzing the mission 

profiles of the output current and ambient temperature. A 

1st accelerated ageing method was represented, 

considering all the characteristics mentioned above and 

generating maximum current variations. Subsequently, a 

2nd accelerated ageing method was illustrated taking into 

account the same characteristics, but regenerating the real 

current variations extracted from the measured mission 

profiles. Afterwards, a comparison between the real 

application and the two accelerated ageing methods was 

performed considering the distributions of 𝑇𝐽𝑀
 and ∆𝑇𝐽.  

These methods, as older power cycling methods, are 

concentrated on packaging damages. However, in every 

power cycling test, different degradation mechanisms 

occur simultaneously. Thus, depending on the power 

cycling method, one of these ageing processes will be 

more accelerated than the others. That is why it is 

important to apply the tests in conditions which are as 
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close as possible to the real application. Since a good 

accordance with the real mean junction temperatures and 

junction temperature swings is obtained, these methods 

are expected to show more representative results on 

packaging ageing. They are well adapted to IGBT power 

modules which are mainly affected by packaging failures. 

For other ageing mechanisms or other devices in the 

inverter, power cycling tests could be not representative 

and complementary tests must be performed. 

The paper proposed two methodologies to construct an 

accelerated ageing mission profile from measured data. 

However, in a high number of cases, engineers would 

prefer to carry out reliability tests before the units have 

been in the field. In these conditions, it is not possible to 

obtain the measurement of the current over several years 

as presented earlier. In the future, it will be therefore 

important to propose a methodology to predict the current 

variations (including current slope) from weather data as 

well as from some specifications of the PV plant such as 

its surface, localization and orientation.   
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