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Abstract—EV Fast chargers are crucial to alleviate the
driving range anxiety for E-mobility applications. A typical
converter load profile consists of a short high-current pulse
to rapidly refill the EV battery followed by a cooling-off
period once the charging is completed. Power electronic
components experience thermal cycles as a result, which
can hasten the degradation of such components. In this
context, the reliability evaluation of the power electronic
converters enabling fast EV charging is of importance.
This paper presents the reliability assessment of the IGBT
module in EV Fast chargers to show how the load profile
of the charger impacts the device’s lifetime.

I. INTRODUCTION

Off-board Fast chargers are suggested for EVs for
long-distance travels due to the restricted capacity of
on-board chargers. These chargers can quickly deliver
the necessary dc power for EV batteries through power
converters. Off-board chargers also help EVs with their
size and weight problems. As well they assist EVs in
overcoming their weight and size issues. With power
ranging from 50 kW to 350 kW, these chargers can
fully recharge EVs in about 30 minutes. Due to the
fact that AC-connected fast chargers have more power
conversion stages than DC-connected fast chargers, they
are less efficient and more complex than DC-connected
fast chargers despite having some advantages in terms
of converter technology availability, protection devices,
and approved standards. DC-fast chargers are therefore
more cost-effective and also address synchronization
problems [1], [2]. The benefits of DC Fast chargers
have lately caused these chargers to advance and gain
significance. The standard DC fast chargers include two
stages of power conversion: the first stage is AC/DC
power conversion, which also requires the use of PFC for
power factor correction, and the second stage is a DC/DC
conversion step to meet the necessary DC voltage for

the EV battery [2], [3]. A line-frequency transformer
or high-frequency transformer in an isolated DC/DC
converter is used to create galvanic isolation between
the grid and the EV battery. Additionally, multi-parallel
modules are employed to supply the energy needed by
high-power DC fast chargers [2].

Power converters are comparatively more vulnerable
to failures during their operation, which is remarkably
impacting the reliability of power electronic systems
[4]–[6]. Among the parts of power converters, power
semiconductors, and capacitors are the most susceptible
to failure [7], [8], [9], [10], [11]. Thermo-mechanical
fatigues are the primary failure modes in power devices
that impact the reliability of the power converter. Ther-
mal stresses cause these fatigues, which are a factor
in wear-out failures. According to the studies, wear-out
failures in power devices are caused by thermal stresses,
which make up 55% of all stressors [12]–[16]. Power
converters produce power losses while operating, which
causes thermal cycles of repeated heating and cooling
caused by changes in the load, switching actions, and
environmental conditions. Since power devices are made
of many layers with different coefficient thermal ex-
pansion (CTE), temperature swings can lead to thermo-
mechanical fatigues such as bond-wire fatigues, solder
fatigues, and degradation of chip metallization. Based
on the time scale of temperature variations, temperature
swings in power devices are divided into short (micro
seconds-seconds), medium (seconds-minutes), and long-
term (minutes-months) thermal cycles [17]. The short-
term temperature swings are related to the switching
frequency of the converter. Thermal cycles induced by
load changes of the converter are called fundamental or
medium-term thermal cycles. Also, Environmental vari-
ables, such as ambient temperature changes, contribute to
long-term thermal cycles [18]. All of the mentioned ther-
mal cycles can be the origin of the thermo-mechanical
fatigues due to the mismatch of the coefficient of thermal
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expansion (CTE) between module layers which would
consume the life of the power converters [18].

In EV Fast charging systems, a typical converter load
profile involves a short high-current pulse to quickly
charge the EV battery, followed by a cooling-off time
after the charging is finished. This process leads to
thermal cycles on power electronic components that can
accelerate the breakdown of such devices. Therefore,
some failure mechanisms can occur due to the thermal
cycles, which result in the component’s end of life.
Therefore, discovering the reliability of the power con-
verters depending on the load profile in EV Fast charging
systems is crucial.

This paper presents the reliability assessment process
of power semiconductors and estimates the lifetime of
the IGBT module in the Full-Bridge converter based on
the charging profile of EV in section II. The summary
of this investigation is presented in Section III.

II. LOAD PROFILE BASED RELIABILITY ASSESSMENT
OF POWER CONVERTERS

A. Methodology for Reliability Assessment of power
semiconductors

Power semiconductors are the parts of power con-
verters that are particularly susceptible to thermal stress,
which results in thermo-mechanical fatigue, as was dis-
cussed in the section above. That’s why power semi-
conductors have to be designed at a strength level to
endure applied stresses over the course of their intended
lifetime [8]. By utilizing the mission/load-profile-based
reliability technique, this paper assesses the reliability
of the converter’s components for EV DC fast charging
applications. The stress sources on the power devices
should be converted into thermal stresses. The lifetime
and reliability of the power components can then be
calculated using experimental models and Monte Carlo
simulations. The process of model-based reliability as-
sessment of power electronic components is depicted in
Figs 1, 2, and 3.

As is shown in Fig 1, the first stage in the reliability
assessment of power converters is converter modeling
depending on the application, mission/load profile, con-
verter topology, control, and modulation techniques. The
electrical stress of each relevant component is provided
at this step. Also, Component-level modeling, which
is connected to various sorts of components, is the
process’ second step of reliability assessment of power
components. In this stage, the electrical stresses de-
fined by the stage before are utilized to calculate the
power losses of each component, including conduction
losses and switching losses in power devices. Following
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Fig. 1. First and second stage of model-based reliability assessment
process
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Fig. 2. The third stage of model-based reliability assessment process

Load Profile Based Reliability Assessment of IGBT Module in Full-bridge DC/DC
Converter for Fast Charging of EVs

KARDAN Faezeh

EPE'23 ECCE Europe EPE'23 ECCE Europe ISBN: 978-9-0758-1541-2 – IEEE: CFP23850-ART P.2
Assigned jointly to the European Power Electronics and Drives Association & the Institute of Electrical and Electronics Engineers (IEEE)Authorized licensed use limited to: TU Delft Library. Downloaded on October 26,2023 at 09:27:55 UTC from IEEE Xplore.  Restrictions apply. 



this, the thermal loading of each component (junction
temperature profile) is extracted using electro-thermal
(Foster/Cauer) networks which are dependent on the
power device features or their thermal impedances. The
inputs of thermal networks are the components’ power
losses. Fig. 1 provides a detailed representation of this
step.

The third step of the model-based reliability assess-
ment process is the component-level reliability stage
which is shown in Fig. 2. Such as the previous stage,
this one is reliant on components. The extracted thermal
loading, which is the junction temperature for power
semiconductors, is defined as an input at this stage
to estimate the consumed lifetime or Damage of the
components. In power electronic applications like PV,
Wind systems, MMC applications, etc, the load and
mission profile variations lead to a complicated profile
of junction temperature in power devices, making it
difficult to find out the different ∆Tjs during operation.
Therefore, counting algorithms like the Rainflow method
are implemented to determine the number of cycles in
the specific Tj and Tjmean. After defining the thermal
cycles which are impacted the lifetime of the device,
the Empirical lifetime models are employed in this
step to derive the number of cycles to failure, which
were discovered by the huge sets of data from power
cycling experiments. These models take into account
variables that may affect a component’s reliability and
were considered in power cycling tests. As well, these
models are one of the methods that were presented based
on the power cycling tests to estimate the end of life of
the power devices under cyclic thermal loading as the
field data collecting for reliability evaluation of power
devices take several years. There are several lifetime
models proposed in papers, including the LESIT [19],
CIPS 2008 (Bayerer) [20], corrected CIPS 2008 [21],
[22], and the Skim models [23]. These models are based
on the main failure mechanisms. For instance, the LESIT
model is more appropriate when bondwire failure is the
primary cause of fatigue [24]. When the heating time
has a greater influence on the failure mechanisms or the
solder joint failure together with bondwire failures is the
predominant failure mechanism, the CIPS 2008 lifetime
model is applicable [20], [24]. Corrected CIPS 2008 is
a reasonable lifetime model for the various temperature
cycle time scales as well as for conditions where the
bond wire and solder joint failure modes are the primary
failure mechanisms [22], [25]. After the estimation of
the number of cycles to failure by lifetime models,
each device’s accumulated damage is estimated using
the Miner rule [25], [26].

Component Damage (%)

Monte Carlo Simulation

• WeibuLl PDF

• WeibuLl CDF

Rx

D%

Fig. 3. The final phase in the model-based reliability assessment
procedure of power semiconductor

At the last step of component-level reliability as-
sessment, the components’ PDF (Probability density
function) and CDF (Cumulative distribution function ) is
extracted using Monte Carlo simulation to consider the
uncertainties [27]. So, Reliability of the each component
is estimated based on this stage which is shown in Fig.
3. In order to find the reliability of the power converter
(system-level reliability), a series reliability block dia-
gram (RBD) connection is used to assess the reliability
of the power electronic system with n components [28].
This process is the final step of the reliability assessment
of power electronic systems with different components.
In this paper, the reliability of the power switches based
on the load profile power cycles for EV DC fast charging
applications is discovered.

B. Case study and simulation results

To fulfill the EV battery power, DC/DC converters
are employed in the second power conversion stage of
DC Fast chargers. Isolated and Non-Isolated converters
are the two categories for DC/DC converters [3]. A full-
bridge (FB) DC/DC converter is one the most widely
utilized isolated DC/DC converters as an interface in DC
fast charging stations to charge the EV batteries. The
loading stresses of the power components vary due to
the various load profiles. Therefore, the modeling of the
power converter should be based on the load profile to
extract the stresses on the power semiconductors. Fig. 4
shows the converter’s load profile, which is the profile
to charge a 400 V, 50.36 kWh battery.

In this paper, a phase-shift Full-Bridge DC/DC
(PSFB) converter with the battery load profile was sim-
ulated in PLECS-BLOCSET to assess the reliability of
the power components based on the charging profile of
the battery. Fig. 5 shows the structure of the phase-
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Fig. 4. A load Profile of the power converter in one session of
charging the battery.

shifted full-bridge DC/DC converter and in Table I, the
specifications of this converter are listed.
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Fig. 5. Topology of the Isolated 55 kW Full-bridge DC/DC power
converter used for fast charging of the EV.

TABLE I
SPECIFICATIONS OF THE FB DC/DC CONVERTER

Converter parameters Value
Rated power (Po) 55 kW
Input voltage (Vin) 600 V

Output voltage (Vout) 400 V
Switching frequency (fsw) 10 kHz

Inductance (L) 9.2 mH
Capacitor (C) 410 µF

Transformer ratio (n) 1:0.8
IGBT FF200R12KE3

The FF200R12KE3 IGBT module is selected for the
converter and Power losses (conduction and switching
losses) of the IGBT module were calculated based on
the given data in the datasheet of the device by using
the lookup tables in PLECS. The values of the fourth-
order Foster network of the IGBT module are given in
its datasheet which is used to make a thermal network.
Also, the thermal resistance of the thermal grease was
defined as 0.01 K/W in the datasheet. The thermal re-
sistance of the heatsink is considered as 0.03 K/W. By
Considering ambient temperature is constant at 25◦C,
the junction temperature profile was extracted from the

thermal network of the module and it is shown in Fig.
6.
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Fig. 6. Junction temperature profile of the IGBT module based on
the load profile of the converter.

Depending on the duration of the power cycles,
thermal stresses produced by them can cause various
thermo-mechanical fatigues [17]. As bondwires are near
the junction and the thermal stress can’t reach the DBC
solder at such short durations (a few ms), thermal cycles
at shorter intervals (a few ms) only affect the bond wire
and die attach solders. The LESIT model and the CIPS
model with correction factor are the best suitable models
for such shorter heating durations or when the bondwire
failure mechanism is the primary failure mode [29]. On
the other side, DBC attach solder, and the thermal in-
terface failures along with the bondwire failures are also
caused by fundamental and long-term temperature cycles
(minutes to hours). Since the LESIT model doesn’t take
into account the length of thermal cycles, therefore it
just considers the bond wire failure mechanism as the
main cause of fatigue and overestimates the number of
cycles to failure at higher heating times which means
it can’t take into consideration DBC solder joint fatigue
[29]. CIPS and its corrected model have a more realistic
lifetime prediction than the LESIT model while the
failure of the DBC solder attaches is the most relevant
failure mechanism in the system due to their dependency
on the thermal cycle duration. Therefore, based on the
application, a suitable lifetime model should be selected
to estimate the device’s lifetime related to the most
pertinent failure mechanism. Due to the longer length of
the temperature cycles (ton) caused by charging sessions
in EV fast chargers, the DBC-attached solder is impacted
by thermal cycles as well. The corrected CIPS lifetime
model was proposed for different time scales by re-
searchers. This model overpredicts the number of cycles
to failure for higher values of the ton in comparison to the
CIPS model. As a few minutes after the heat reaches the
baseplate, the DBC solder joint breaks, and the device’s
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end-of-life happens [29]. So the corrected CIPS lifetime
model is the more appropriate model in this study and is
used to find the number of cycles to failure. The CIPS
and its corrected Model are expressed as (See (1) and
(2)) [20], [21], [22]:

Nf = A∆Tj
β1ton

β3Iβ4V β5Dβ6e
(

β2
Tjmin+273

)
(1)

Nf(ton)

Nf(1.5)
=


2.25, if ton ≤ 0.1s.

( ton
1.5)

−0.3, if 0.1 < ton < 60s.

0.33, if ton ≥ 60s.

(2)

Where Nf is the number of cycles to failure, ∆Tj is
a temperature fluctuation, Tjmin is the minimum junction
temperature, and ton is the on-time. The other factors,
A, β1 − β6 are the parameters that are given in [20].
Additionally, I is the chip’s current per bond stitch,
V is the device’s voltage range (V/100), and D is the
bond wire’s diameter in micrometers. These parameters
in this study are assumed to be 20 A, 12 V, and 250µ,
respectively.

Using Miner’s rule (Eq. (3)), the annual damage of
the device is calculated as follows [26]:

D =

n∑
j=1

(
nj

Nfj
) (3)

Where nj is the number of power cycles and Nfj is the
number of cycles to failure at jth power cycle.

Then, by adding up the D until it approaches unity,
which is when the device’s end-of-life reaches, the
expected lifetime of the IGBT module is determined.
So, the power component end-of-life (LF ) is calculated
by Eq. (4).

LF =
1

D
(4)

The static lifetime data values for the case study have
been estimated using the mentioned lifetime estimation
method, and they are presented in Table II. As the
number of cycles varies depending on the number of
charging sessions, therefore the static values of the
IGBT Damage and end-of-life are estimated based on
the number of charging sessions which are shown in
Fig.7 and Fig.8. The minimum and maximum number
of charging sessions in a day are considered in a range
of 5 to 19.

TABLE II
STATIC LIFETIME VALUES OF THE IGBT MODULE IN FB DC/DC

CONVERTER

Junction temperature fluctuation ∆Tj (°C) 60.72
Mean junction temperature Tjm (°C) 55.36

On-state time ton (second) 4199.8
Number of cycles to failure (Nf) 28.263× 104
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Fig. 7. IGBT Damage in one year based on the number of charging
sessions.

C. Monte Carlo analysis and reliability of the IGBTs

In the preceding section, we predicted the lifetime
data in an ideal scenario in which all IGBTs degrade at
the same rate. However, in reality, uncertainties emerge
as a result of differences in the parameters of the lifetime
model and the production process of the component. So,
this section focuses on investigating the reliability of
the IGBTs considering uncertainties by using the Monte
Carlo method [27], [30].

The constant parameters in the lifetime models,
derived from accelerated aging tests using a specific
number of testing samples, are subject to uncertainties.
To address this, a normal probability density function
(Pdf) is used to distribute the parameters in the lifetime
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Fig. 8. IGBT lifetime (year) based on the number of charging
sessions.
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model. We assumed that β1 and β2 have 5% and 10%
variations. Also, Another type of uncertainty arises due
to variances in the production process of the component,
which results in variations in the minimum junction
temperature and junction temperature fluctuation. So it
is assumed that there is a variation of 5% for ∆Tj and
10% for Tjmin. The Probability density functions of the
parameters (β1, β2, Tjmin and ∆Tj) are extracted and
shown in Fig. 9.

In order to assess the precise lifetime of the system,
a Monte Carlo simulation is applied by considering
parameter changes (β1, β2, ∆Tj and Tjmin) [27]. The
range of variation for each parameter were shown in
Fig. 9. It should be noted that the number of charging
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Fig. 10. Monte-Carlo analysis. a) Accumulated damage probability
distribution function. b) End-of-life probability distribution function.

times affects the module’s lifetime, with more charging
sessions resulting in more thermal cycles and ultimately
reducing the module’s lifetime. In order to use the
Monte-Carlo method and determine the reliability of the
component, the maximum number of charging sessions
has been taken into account in this section which in
this particular case, the maximum number of charging
sessions is considered 19. Fig. 10 (a) and (b) demonstrate
the accumulated damage and end-of-life distributions
for IGBT which were extracted based on the Monte-
Carlo analysis. The mean value and standard deviation
are µ and σ, respectively. The Reliability function of
each IGBT in the studied converter is estimated based
on the Monte-Carlo and Weibull distribution [30], also
to evaluate the reliability of all IGBTs together in this
system the RBD method is used [25], [28]. The estimated
reliability and B10 of each IGBT and all IGBTs are
depicted in Fig. 11. Based on this figure, the B10 lifetime
of each IGBT is 22.52 years, indicating that 10% of
IGBTs deteriorate after that period.

III. CONCLUSION

This paper presents a quantitative lifetime and reli-
ability analysis of the IGBT module in a 55 KW phase
shifted FB DC/DC converter used for EV DC chargers.
The analysis was conducted based on the load profile of
the DC fast charging for EVs, taking into account the
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effect of thermal cycles during charging. Additionally,
the Monte Carlo analysis was used to incorporate pa-
rameter differences in the lifetime model and production
process of the IGBT module. Based on the results, the
B10 lifetime of each IGBT was estimated to be 22.52
years, meaning that 10% of IGBTs will deteriorate after
that time. These results highlight the substantial effect
of temperature cycles resulting from EV charging appli-
cations on the device’s lifetime. It also underscores the
significance of load profile-based reliability evaluation in
DC fast charging applications, given that the number of
charging times and rapid high-temperature swings during
the charging of an EV affect the module’s lifetime.
Also, results illustrate that more charging periods lead to
more thermal cycles and ultimately reduce the module’s
lifetime.
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