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ABSTRACT 
The number of cycles to the end of life for high-power IGBT modules is expressed as a function of the stress parameters in the 
model. Most of the time, these models are generated on the basis of experimental data from accelerated power-cycling experiments 
that are done at preset temperatures and stress levels. This paper proposed a systematic Reliability evaluation process for large-scale 
commercial and utility-level PV power systems. The major contribution of this work is the quantification of the impact of junction 
temperature on the failure rates of critical components such as PV Inverters and capacitors. Usually, the reliability assessment of 
the power electronic switch such as IGBT and inverter focused on component level, whereas much fewer cases discussed the 
Reliability evaluation for the entire PV system. In light of the above concerns, this article discussed the effect of junction temperature 
on the lifetime of IGBT modules, and the relevant lifetime factor is modelled. This study enables us to include the junction 
temperature effect on the lifetime model of IGBT modules under the given mission profiles of the converter.  
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ABBREVIATIONS 

MTTF - Mean Time To Failure 

MTTR - Mean Time To Repair 

MTBF - Mean Time Between Failures 

IGBT - Insulate Gate Bipolar Transistor 

EOL - End Of Life 

PCT - Power Cycle Test 

1. INTRODUCTION

In terms of their use in high-power converters, insulated gate
bipolar transistors (IGBTs) are widely regarded as the most 
common type of device. IGBTs are very sensitive devices, and 
their failure can cause severe problems [1-2]. Power converter 
reliability is determined by a thorough knowledge of the failure 
processes of inductively coupled bipolar transistor (IGBT) 
modules, as well as the availability of validated lifespan models. 
The reliability of IGBT power modules has been assessed using 
failure data collected in the field [3-4] as well as accelerated 
power cycling tests (PCTs) [5]. However, since it takes such 
extended periods of observation, the first technique is not 
particularly practical. The accelerated PCT method is, 

therefore, widely used for analyzing the long-term reliability of 
high-power IGBT modules, as well as for modelling their 
predicted lifespan [6], among other things. 

  For developing lifetime models for various kinds of IGBT 
modules, the data collected from various devices under test is 
analyzed. The models are based on the various operational and 
structural parameters of the device. They show the number of 
stress cycles that the device experiences due to these factors. 
Some of these include the junction temperature swing, the 
cooling current, and the heating current. It has been created and 
confirmed in the literature that two noteworthy empirical 
lifespan models, often referred to as the LESIT [7] and the 
CIPS08 [8], are used. Empirical lifespan models are unable to 
discriminate between failure mechanisms, and a post-mortem 
investigation is required to determine the most likely cause of 
death. When an IGBT reaches the end-of-life (EOL), three 
separate failure modes have been identified: bond-wire lift-offs, 
die solder delamination, and substrate-solder delamination [9]. 
Even though these mechanisms are being created concurrently, 
the major cause of failure is dependent on the stressful 
circumstances that are present. 

  PV power systems are a major source of renewable energy. 
They have zero greenhouse gas emissions and are able to 
produce electricity without using fossil fuels. The total installed 
capacity of PV power systems has increased from 80 GW in 
2016 to over 210 GW in 2022. The average annual growth rate 
of the PV power system market has been around 21.66% from 
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2016 to 2022. It is expected to increase to around 50% in 2025 
[9]. The continuous availability of reliable PV power systems 
will greatly increase renewable energy output and help reduce 
greenhouse gas emissions [10]. 

  Unlike other electrical systems, such as batteries, PV power 
systems can fail due to various factors, such as mechanical 
failure or accidental events. The reliability of PV power systems 
has been a major concern for the customers and the utility 
companies. A PV power system is made up of various 
components, such as solar cells etc [11]. These components 
have varying life cycle reliability depending on the ambient 
conditions and load. One of the most vulnerable components of 
a PV power system is the power electronic device known as an 
inverter. This component can operate at high temperatures and 
expose its components to higher energy losses. 

  High energy losses can lead to the degradation of the core 
temperature of the switching devices, which can affect the 
system's overall reliability. The reliability of an inverter is 
dependent on the ambient temperature, its solar light intensity, 
and its input power levels [12]. This paper aims to analyze the 
various factors that affect the reliability of an inverter. 
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Figure 1. Renewable annual net capacity additions by 
Technology 2016 – 2022 [12] 

  The complexity of PV power systems makes it difficult to 
analyze their reliability performance. Most of the current 
literature on PV power system reliability focuses on the 
assessment of power electronic components. Less attention is 
given to the evaluation of the entire system. In [13], various 
contributions to the field of PV reliability have been presented. 
The failure rates and probabilities of electronic components in 
a PV system are treated as constants. The various parameters of 
the PV system's reliability are not always the same as they are 
in the case of other systems. For instance, the cost of a PV 
inverter failure is typically around 59% of the system's total 
cost. The lifetime prediction of a PV system's inverter is a 
crucial factor that influences the design and operational costs of 
a system. 

  The lifetime of a PV system's inverter can affect the thermal 
loading of the device. This is because the stress that the 
semiconductor material can endure during operation affects its 
properties. The stress that a semiconductor device can endure 
during operation is indirectly related to its temperature. By 
taking into account the various layers of a semiconductor, the 
lifetime of the device can be determined [14]. The constant 
temperature and the irradiance of the solar radiation can cause 
non-uniform thermal stress over a year. This is because the 
temperature variation can affect different regions and seasons. 

  The temperature also affects the lifetime prediction of a PV 
system's inverter. If the temperature exceeds the rated values, it 
will cause more losses. This is why the power conversion 

system's thermal management must be performed properly. In 
[15] presented two typologies for the reliability of power
electronics components. The authors of this paper used an
approximate method to perform a better comparison between
the parts count method and the parts stress method. A direct
correlation is performed between the temperature and the failure 
rate of various power electronic components [16]. They used
the power loss in switches and diodes as an example. The exact
method performed by the authors of this paper is different from
the other methods. The advantage of using the exact method is
that it takes into account the various conditions of the system's
inverter. The paper aims to analyze the trade-off between the
high reliability of power semiconductor devices and the low
cost of them. A study conducted before switching to a device
with a larger current rating revealed that a higher current rating
can increase the operating hours of the device. The design of an
IGBT should also be considered when it comes to optimizing
the system's operating hours. Doing so will help determine the
optimal solution for the system.

1.1 Problem Statement 

 With the advancement of chip, packaging and manufacturing 
technologies, IGBT suppliers are continuously improving their 
component Reliability performance. Therefore, in most 
applications, power electronics designers can easily find 
available IGBTs that can achieve the required lifetime 
specifications. The practical problem for them is how to select 
the proper IGBTs to fulfil the Reliability target while 
minimizing cost. This is especially true in the PV industry, 
having a very stringent cost constraint to reduce the cost of 
electric power generation. However, due to the following 
challenges, the Reliability analyses of the IGBTs designed in 
PV Inverters are usually not well treated, resulting in either a 
lack of robustness or over-design with unnecessary cost 
increase. Further on, this research intends to cover two principal 
aspects when predicting the lifetime of switching devices.  

1.2 Methodology 

Various procedures have been introduced in the past few 
decades to estimate the reliability of a PV system. The first one 
was published in 1956 by the Rome Air Development Centre. 
This standard describes the failure rate for electronic devices. 
After the publication of MIL-HDBK-217, it became the most 
popular handbook in this field. Various organisations and firms 
improved their Reliability after reading this handbook. 
Reliability can be predicted using a part stress method. This 
method involves analysing the electrical components and 
circuits. The part count method is generally less data-intensive. 
It involves collecting information about the various components 
and their quality conditions. The accuracy of part stress methods 
is usually higher than that of part count methods. The main 
difference between the two is that part stress methods take into 
account the failure rate of the system. 

2. MODELLING OF H- BRIDGE INVERTER

An inverter is an electrical device that converts power from
one source to another. It can be used in various appliances. DC 
is commonly used in various electrical equipment, such as solar 
power systems. Most of these are powered by direct current, 
which is produced by the batteries, fuel cells, and power 
sources. An inverter can convert this current into AC power. AC 
power can be used by residential and industrial consumers and 
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those using the public utility grid. In alternating power systems, 
the batteries can store DC power. Aside from powering some 
electrical equipment, such as home appliances, AC power can 
also be used for other functions. An inverter can be used for 
various applications, such as solar power. There are various 
types of these devices available in the market. DC power 
sources are used to provide an AC voltage to electronic 
equipment and electrical equipment, such as home appliances. 

2.1 Working of Inverter 

An inverter uses a DC source to convert the current into AC 
power. In most cases, this technology does not generate any 
power. However, in some situations, such as when the DC 
voltage is low, an appliance cannot use the low DC voltage. Due 
to this, an inverter can be used in solar power systems. In this 
case, the power circuit of the device is composed of four bi-
directional IGBTs. Figure 2 shows the power circuit diagram of 
the device. 

Figure 2. H-Bridge Inverter Topology  

Mode 1: Current conduction when S4 and S1 are ON 

The four IGBTs power the device's power circuit. When the 
S1 and S4 are activated, the output of the device is converted to 
DC. This ensures that the load is always applied evenly. The
current starts from the positive supply, S1, and ends at the
negative supply, S2. The conduction path of the device's first
cycle is shown in Figure 3.

Figure 3. Current conduction when S4 and S1 are ON 

Mode 2: Current conduction when S2 and S3 are ON 

The device's next cycle begins after the trigger pulse of the 
IGBT S2 is sent to the gate. During this period, the input voltage 
is applied in the negative direction. The current flows from the 
positive supply to the negative supply and then to the negative 
supply. The current path of the device's next cycle is shown in 
Figure 4.  

Figure 4.  Current conduction when S2 and S3 are ON 

The two cycles continue to produce a positive and a negative 
voltage. When the current direction changes, the load gets 
adjusted. As the current changes, the voltage at the load is 
converted to an AC voltage. This is done to convert the DC 
voltage into the AC. 

3. ELECTROTHERMAL MODELING OF IGBT
MODULES

One of the most critical factors that a power electronics
system should consider is the proper thermal design. This 
ensures that its components will have a long life. In addition to 
the thermal design, a power semiconductor's thermal equivalent 
model is also used for the design. This chapter presents an 
example of an IGBT module. After a review of the model, a 
final step is performed to implement the design. 

3.1 Power Loss Calculation Model 

  The total power losses of an IGBT module are calculated by 
taking into account the switching and conduction losses. The 
power loss modelling process is carried out using the look-up 
tables provided by the manufacturers of the printed circuit 
materials. It is mainly done for the sake of simplicity and the 
project's requirements. The power losses of various 
semiconductor components can also be calculated: 

a) Switching losses (PSW)
b) Conduction losses (PCOND)

Therefore: PLOSS = PCOND + PSW 

3.2 Transient Thermal Impedance Zth (J-C) (T) 

  In terms of the transient thermal behavior of a device, such 
as an IGBT module, the Zth is the number of times its voltage is 
changed. The equation also determines the impedance of a chip 
or a device 

Zth ሺj െ cሻሺtሻ ൌ
Tjሺtሻ െ Tcሺtሻ

Ploss
         ሺ1ሻ 

Where, 
Tj (t) and Tc (t) are defined as Junction and Case Temperature 
Respectively.  
Ploss is the power loss of an IGBT or a diode chip. 

3.2.1 Cauer Model 

The Cauer Model is used for the thermal design of an IGBT 
module. It allows engineers to understand the thermal behavior 
of the device. As shown in Figure 5. The goal of this model is 
to provide a physical image of the internal thermal behavior of 
an IGBT module. It is also necessary to acquire the various 
properties of the various layers inside the device. Nevertheless, 
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the use of the Cauer Model in designing power electronics 
systems is not practical for most IGBT users. It can be hard for 
them to visualize the model's details and make informed 
decisions. 

Figure 5. Cauer Model 

3.2.2 Foster Model 

The Foster Model is a more practical alternative to the Cauer 
Model. It consists of a series of connected RC elements, as 
shown in Figure 6. Each element has its parallel circuit. Unlike 
the Cauer Model, the Foster Model does not have physical 
significance. It is useful in developing power electronics 
systems since it does not require detailed information about the 
various layers in an IGBT device. The model's thermal 
impedance is derived from the circuit shown in Figure 6. The 
Zth value of the model is expressed as follows.  

Zthሺj െ cሻሺtሻ ൌ ∑ 𝑅𝑖ሺ1 െ 𝑒ି

ሻ

ୀଵ     (2) 

Where τi = Ri ×Ci. This model is realized by tuning the 
model’s characteristics to the transient thermal impedance 
described in a data sheet. 

Figure 6. Foster Form 

4. RELIABILITY ANALYSIS OF THE POWER
CONVERTER

Since the goal of every manufacturer is to maximize the 
efficiency of their products, they have always been striving for 
the highest output quality. In addition, having a longer lifespan 
can help minimize energy consumption and improve the 
reliability of their power converters. The reliability of a system 
is a statistical measure that shows the likelihood of failure at a 
given time. It can be divided into smaller parts and is evaluated 
through various factors. Researchers use various statistical 
measures to determine the reliability of a system. Some of these 
include the failure rate, the mean time to failure, and the 
availability of repairs. 

4.1 Failure 

A failure occurs when the system stops performing a task for 
any reason. This variable is a random one, and it can be long or 
short. There are two types of failure: gradual and sudden. The 
former is referred to as degradation failure, while the latter is 
called cataleptic failure. 

4.2 Failure Rate 

The failure rate function is a vital part of assessing the 
system's reliability. It can help predict the probability of failure 
over some time. It can be calculated by taking the time unit that 
has elapsed since the last failure. 
Failure rate f (t,λ) = λe- λt                                                     (3)  

4.3 Mean Time To Failure (MTTF) 

The mean time to failure is the average before a device or 
component gets its first failure. This type of failure occurs when 
the device's functions are no longer possible. The maximum 
time to failure, or MTTF, is usually calculated in hours or 
thousand hours. When the maximum MTTF of a device is 
reported, it means that the first failure that can cause the device 
to malfunction is expected to happen after this period. 
 Although the time to failure is a guarantee, it doesn't mean

that the device will work properly after a few hours of use.
 For instance, if a device has been in use for a thousand

hours, its failure rate is equal to about 11 years. However,
if it has been used for 8 hours a day, its failure rate is
greater than 34 years.

MTTF = 1/ λ                   (4)

4.4 Mean Time To Repair (MTTR) 

The average time it takes to repair a failed device is known as 
the MTTR. This value is computed by taking into account the 
condition of the system, and its gamma distribution can be given 
as  

MTTR = β/μ (5) 

4.5 Mean Time Between Failures (MTBF) 

The average time that a system has gone without experiencing 
a failure is referred to as the MTBF. In some cases, the 
definitions of this measure do not describe the reliability of the 
system. In other cases, it can be useful to measure the likelihood 
of a system experiencing an emergency failure. 

MTBF = MTTF + MTTR (6) 

4.6 Reliability Methodology 

Various procedures have been introduced in the past decades 
for estimating the reliability of various products. The first such 
standard was established in 1956 by the RADC in the US. It was 
entitled TR-1100. This was a reference for estimating the failure 
rate of electronic and computer components. The following 
year, the standard was updated and became a handbook for 
estimating the reliability of various products. After that, various 
companies and organizations started developing their software 
and handbooks for this field. This standard has been proven to 
be more reliable than other ones due to its various factors. It 
covers all aspects of reliability. This handbook uses two 
methods to estimate the reliability of various components. Parts 
count, and parts stress are used to calculate the total reliability 
of a system. The parts stress method is able to predict the 
reliability of an electrical system due to the stress that the 
components and circuits under stress undergo. The parts count 
method is generally less demanding than the parts stress 
method. It provides information about the number of 
components and their quality, which helps yield more accurate 
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results. 

4.6.1 Parts Count Method 

One of the most common approaches used in assessing the 
reliability of a system is parts count. This method takes into 
account the various components of a system and then uses a 
simple statistical method to conclude. This method is usually 
used when there is no detailed information about the system. It 
takes into account the operating conditions of the system and 
then comes up with a conclusion. It is not always possible to 
determine the reliability of a system based on its operating 
conditions. For instance, if the device is not working properly, 
the parts count method might not provide a conclusive 
conclusion. The parts count method is approximate since it only 
takes into account the number of components. The parts count 
method is usually performed based on quantitative analyses. 

λ system = ∑ λ୰ୣሺ୧ሻ ∗ kே
ୀଵ  (7) 

Where,  
K is the number of elements with the reference failure rate of 
ref (i) 
N is the number of parts. 

4.6.2 Parts Stress Method 

The parts stress method is a set of procedures designed to 
calculate the stress levels of various components. Unlike the 
parts count method, this method involves knowing the specific 
operating conditions and stress levels of the parts. The parts 
stress method is used to evaluate the reliability of a system. It 
involves determining the various stresses that each component 
experiences during its operation. The conditions that are shown 
in the failure rate equations can be shown by the various pi 
factors in the method. However, the number of parameters used 
in this method can lead to complexity in calculating the failure 
rates. The total failure rate of a system can be calculated by 
summing the various failure rates. This method is similar to the 
parts count method. 

The λ is calculated as follows 

λb = A* exp ቂ
ே

ଶଷ ା்ାሺ∆்ሻ௦
ቃ*ቂ

ଶଷ ା்ାሺ∆்ሻ௦

ே
ቃ


  (8) 

Where, 
A is the scaling factor of the failure rate. 
NT, TM, and P are the shape parameters. 
T is the Temperature. 
∆T is the difference between the maximum allowable 
temperature with no junction current and full-rated junction 
current or power. 
S is the stress ratio that the ratio of actual stress to rated stress 
can be calculated. 

A combined approach to predict the reliability of a system 
involves taking into account the various parts of the system. 
This model ensures that the system's overall reliability is 
determined as 

λp =λO𝜋O + λC𝜋C (9) 

Where  

λp is the predicted failure rate 
λO is the failure rate from operational stresses 
λC is the failure rate caused by temperature cycling stresses 

𝜋C is the cycling factor 

The reliability of various electronic components has been 
studied. These include switches, capacitors, and inductors. The 
various relationships and equations that have been presented 
have shown how these components can fail. In this paper, we 
discuss the failure rate of various electronic components that are 
commonly used in power electronic circuits. 

λp (Capacitor) = λb πCV πQ πE   (10) 

λp (Inductor) = λb πC πQ πE (11) 

λp (Switch) = λb πT πA πQ πE (12) 

λp (Diode) = λb πT πc πs πQ πE (13) 

Where  
λb is the base failure rate, which is 0.012 and 0.064 for switch 
and diode, respectively. 

λb (inductor) = 0.00035 * exp ቂ
்ೞାଶଷ

ଷଶ
ቃ
ଵହ.

   (14) 

λb (Capacitor) = 0.00254ቀ
௦

.ହ
ቁ
ଷ
 1൨ 𝑒𝑥𝑝 5.09 ቀ

்ାଶଷ

ଷ଼
ቁ
ହ
൨(15)

TC 𝛑A 𝛑Q 𝛑E λb 

25 10 5.5 1 0.012 

Where  
   THS is the heat sink temperature 
   S is the ratio of operating voltage to nominal voltage 

In Equation (14), THS is calculated as follows: 

THS = TA + 1.1 + ∆T (16) 

Where 
TA is the device's ambient operating temperature (in degrees 
Celsius) 
∆T is the average temperature rise above ambient. 

In switch and diode failure rates (equation (12), equation (13)), 
πT is the Temperature factor and can be calculated as shown 
below: 

πT (S) = exp ቂെ1925 ቀ
ଵ

்ାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ   (17) 

πT (D) = exp ቂെ1925 ቀ
ଵ

்ାଶଷ
െ

ଵ

ଶଽଷ
ቁቃ    (18) 

Tj is the junction temperature and must be obtained by the 
following equation: 

Tj = TC + 𝜃JC * Ploss  (19) 

Where  
TC is the heat sink temperature 
𝜃Jc is the thermal resistance of the diode or switch (0.25 for the 
switch and 1.6 for the diode) 
Ploss is the power loss of a switch or diode 
πS is the stress factor and is calculated as follows: 

πS = 𝑣௦ଶ.ସଷ (20) 

Where,  
  VS is the ratio of operating voltage to nominal voltage. 
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In equation (10), πCV is the capacitor factor which can be 
obtained by: 

πCV = 0.34 * 𝑐.ଵଶ (21) 

Where, C is the capacitance value (in microfarad) 

In some cases, the values of quality factor and environment 
factor Q have been ignored. To improve the accuracy of the 
calculations, the values of these two factors can be considered 
as environment factor E for all components. For instance, the 
values of 10, 5.5, and 20 for inductors, semiconductors, and 
capacitors, respectively, are considered as environment factor E 
for all electronic components. 

The temperature factor is a crucial factor that affects the 
reliability of power electronic devices. It is used in the 
calculation of power losses for various semiconductor 
components, such as IGBTs and diodes. The failure rate of these 
components depends on the method used for calculating power 
losses. 

5. RESULTS AND DISCUSSIONS

The Reliability Evaluation of the Photo Voltaic Inverter and
its comparison are simulated in PLECS Blockset. The 
Reliability evaluation of the Photo Voltaic Inverter is designed 
and simulated in PLECS. Table 1 shows the specifications of 
the Photo Voltaic Inverter. 

Table 1. Specifications of the Photo Voltaic Inverter. 

S. No Parameter Range 

1. 
2. 
3. 
4. 
5. 

   6. 

PV Cell Voltage 
PV Cell Current 
PV Cell Power 
Inverter Voltage 
Inverter Current 
Inverter Power 

400 V    (avg) 
7.5 A     (avg) 
3000 W  (avg) 
230 V    (rms) 
13 A      (rms) 
3000 W (rms) 

Figure 7. Thermal model of a PV Bridge Inverter 

Figure 7 shows the Thermal modeling of a PV Bridge 
Inverter. Figure 8 shows the Output voltage, current, and power 
of a PV Inverter with an output DC voltage, DC, and DC power 
of 400 Volts, 7.5Amps and 3000 Watts, respectively. Figure 9 
shows the Output voltage, current, and power of a Grid with an 
output AC voltage, AC, and AC power of 230 Volts, 13 Amps, 
and 3000 Watts, respectively. 

Figure 8. Output voltage, current, and power of a PV cell 

Figure 9. Output voltage, current, power of a Grid 

5.1 Practical Calculations for Reliability 

In order to calculate the lifetime of an IGBT, we should find 
out the junction temperature of the IGBT module. We can 
calculate the junction temperature using PLECS; by substituting 
the junction temperature in the exact method, we can get the 
Reliability of that IGBT. For calculating the Reliability, we 
assumed different inverters listed below. 

1. 400V & 45A - (IKW30N60T)
2. 400V & 60A - (IGW30N60H3)
3. 400V & 90A - (IGW50N60T)
4. 400V & 120A - (AIKQ120N60CT)
5. 400V & 160A - (AIKQ120N60T)
 λp (Switch)  =     λb * πT  ∗  πA * πQ * πE 

Where, 
λp = Predicted failure rate 
λb = Base failure rate 
πT  = Temperature factor 
πQ  = Environmental Factor 
πE  = operational stresses 

  πT (S) = exp ቂെ1925 ቀ
ଵ

்ାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ 

Where, 
 TJ = Junction Temperature 
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       Mean Time To Failure = 1/λ 
Where, 

λ = Predicted failure rate 

Case (i): Analysis for 45A IGBT 

Figure 10. Junction temperature for 45A IGBT 

 Junction temperature for 400V & 45A IGBT module is 
232.66°C. From equation 17, Reliability is evaluated as 
follows. 

πT (S) = exp ቂെ1925 ቀ
ଵ

்ାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ 

   = exp ቂെ1925 ቀ
ଵ

ଶଷଶ.ାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ 

         = 14.1940 

λp (Switch) = λb * πT  ∗  πA * πQ * πE 

   = 0.012 * 14.1940 * 10 * 5.5 * 6 

        = 56.208 

MTTF for IGBT (t) = 1/λ 

 = 1/56.208 

        = 17790.87 Hours 

MTTF for inverter = 4 * MTTF for IGBT 

   = 4 * 17790.87 

       = 71163.48 Hours 

Case (ii): Analysis for 60A IGBT 

Figure 11. Junction temperature for 60A IGBT 

Junction temperature for 400V & 60A IGBT module is 
227.45°C. From equation 17, Reliability is evaluated as 
follows. 

πT (S) = exp ቂെ1925 ቀ
ଵ

்ାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ

   = exp ቂെ1925 ቀ
ଵ

ଶଶ.ସହାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ 

      = 13.6426 

λp (Switch) = λb * πT  ∗  πA * πQ * πE 

   = 0.012 * 13.6426 * 10 * 5.5 * 6 

         = 54.0429 

MTTF for IGBT (t) = 1/λ 

 = 1/54.0429 

   = 18509.98 Hours  

MTTF for inverter = 4 * MTTF for IGBT 

  = 4 * 18509.98 

        = 74039.92 Hours 

Case (iii): Analysis for 90A IGBT 

Figure 12. Junction temperature for 90A IGBT 

The junction temperature for the 400V & 90A IGBT 
module is 227.45°C. From equation 17, Reliability is 
evaluated as follows. 

πT (S) = exp ቂെ1925 ቀ
ଵ

்ାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ

   = exp ቂെ1925 ቀ
ଵ

ଶଵ.ଵସାଶଷ
െ

ଵ

ଶଽ଼
ቁቃ 

      = 11.0210 

λp (Switch) = λb * πT  ∗  πA * πQ * πE 

   = 0.012 * 11.0210 * 10 * 5.5 * 6 

         = 43.643 

MTTF for IGBT (t) = 1/λ 

  = 1/43.643 

         = 22912.94 Hours 

MTTF for inverter = 4 * MTTF for IGBT 
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   = 4 * 22912.94 

       = 91651.76 Hours 

Case (iv): Analysis for 120A IGBT 

The junction temperature for the 400V & 120A IGBT module 
is 198.8°C. From equation 17, Reliability is evaluated as 
follows. 

πT (S) = exp [-1925(1/(Tj+273)-1/298)] 

 = exp [-1925(1/(198.8+273)-1/298)] 

 = 10.80 

  λp (Switch) = λb * πT * πA * πQ * πE 

 = 0.012 * 10.80 * 10 * 5.5 * 6 

 = 42.76 

 MTTF for IGBT (t) = 1/λ 

 = 1/42.76 

     = 23382.97 Hours 

MTTF for inverter = 4 * MTTF for IGBT 

 = 4 * 23382.97 

  = 93527.87 Hours 

Figure 13. Junction temperature for 120A IGBT 

Case (v): Analysis for 160A IGBT 

The junction temperature for the 400V & 160A IGBT module 
is 186.71°C. From equation 17, Reliability is evaluated as 
follows. 

πT (S) = exp [-1925(1/(Tj+273)-1/298)] 

 = exp [-1925(1/(186.71+273)-1/298)] 

       = 9.6378 

λp (Switch) = λb * πT * πA * πQ * πE 

 = 0.012 * 9.6378 * 10 * 5.5 * 6 

     = 38.165 

MTTF for IGBT (t) = 1/λ 

   = 1/38.165 

   = 26202.01 Hours 

MTTF for inverter = 4 * MTTF for IGBT 

 = 4 * 26202.01 

  = 104808.04 Hours 

Figure 14. Junction temperature for 160A IGBT 

Table 2. Reliability comparison for different IGBT 

S.No Ratings 
Junction 

Temperature
Failure 

Rate

Life time of 
single IGBT in 

hours

Life time of 
Inverter in 

Years

1.
600 V
45 A

IKW30N60T
232.66 °C 56.20 17790.87 8.12

2.
600 V
60 A

IGW30N60H3
227.45 °C 54.02 18509.98 8.45

3.
600 V
90 A

IGW50N60T
201.45 °C 43.64 22912.94 10.46

4.
600 V
120 A

AIKQ120N60CT
198.8 °C 42.76 23382.97 10.67

5.
600 V
160 A

AIKQ120N60T
186.71 °C 38.165 26202.01 11.96

8.12 8.45

10.46 10.67
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 Figure 15. Life Time VS Current Rating 

From the above results, it can be concluded that the life span 
of the photo voltaic inverter circuit increases with an increase 
in the current ratings of the IGBT. This is due to a decrease in 
losses and junction temperature of an IGBT. 
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6. CONCLUSIONS

This paper describes the PV inverter reliability and
performance under several current ratings that have been 
specified, the effect of junction temperature on lifetime is 
studied, and relevant lifetime is estimated. It has been proven 
that switching devices rated at different nominal currents have 
shown unequal thermal performances, leading to varied lifetime 
performances. The electro thermal modelling of power 
semiconductor modules has been thoroughly explained. The 
power loss modelling is based on look-up tables provided by the 
manufacturers in the datasheet that can be implemented in the 
PLECS Blockset in the Simulink environment so that the 
instantaneous switching and conduction losses can be 
calculated. On the other hand, the thermal modelling is based 
on a thermal equivalent network named the Foster model, 
whose parameters are also provided in the data sheets. For this 
study, the heat sink will be considered for each IGBT solution; 
it should be noted that an extended approach is to introduce the 
design variable of the heat sink parameter so the total cost of 
IGBT modules and cooling system can be considered. 
However, due to the constrained time frame, it is not included. 
Therefore, the PV inverter designers can choose the most 
reliable IGBT by this procedure. 
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