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ABSTRACT

Recent Advancements in the semiconductor technology leads to the use of Silicon Carbide (SiC) materials in the design of power
switches due to its wide band gap that performs superior compared to conventional Silicon material. Nevertheless, the cost of
manufacturing IGBT with the SiC material is of major concern. Hence, this article proposes a hybrid Si-SiC based IGBT to improve
the performance and reliability. The hybrid Si-SiC IGBT consist of Si-IGBT with SiC Feedback Diode. A test case of 600V/30A
hybrid Switch (Si-IGBT (IGW30N60H3)/SiC- diode (C3D20060D)) is considered and implemented on a 3 kW PV inverter.
Mission Profile oriented reliability analysis is carried out using PLECS thermal model at two different atmospheric conditions and
its effectiveness is evaluated in comparison with conventional Si IGBT. Monte Carlo simulation is implemented to calculate the
B lifetime. The population size of 10000 with 5 % variation is considered. The improved By lifetime and reliability with the

proposed hybrid Si-SiC IGBT is obtained at both India and Denmark locations.
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1. INTRODUCTION

The increasing popularity of SiC power MOSFETs has
resulted in significant improvements in their efficiency and
power density. These devices are commonly used in power
electronic devices. In [1] author presented A partial-power slave
unit with SiC MOSFET which is connected to a line-frequency
transformer to compensate the harmonics of the input mu, and
it adjusts the output voltage. This new topology is designed to
provide reliable operation. The components of this system are
also introduced in detail to ensure the continuous operation. In
[2] Author proposed Cross hybrid design is a concept that
combines the advantages of both a 3.3-kV IGBT and a SiC
MOSFET. It can be used to perform calibrations in 2D TCAD
software. In [3] proposed hybrid switch that combines the
advantages of both the IGBT and the SiC diode. It consists
lower switching loss and a higher power density than that of an
IGBT. The performance of this system is expected to improve
the power density of a traditional converter system. A parallel
arrangement of a SiC and IGBT hybrid switch has been
presented in [4]. The aim of this concept is to achieve better
performance and lower dynamic losses while improving the
thermal and electrical properties of the device. The combination
of the two components is expected to lead to better electrical
and thermal properties

Despite the advantages of SiC power MOSFETSs, their cost is
still higher than those of the other types of power electronic
devices. This is one of the main reasons why the market for this

technology is still not growing [5]-[6]. A hybrid device solution
that combines a SiC power transistor with a feedback diode was
proposed to address the cost challenge. This technology could
be an ideal alternative to traditional power electronic devices.
The hybrid device solution, offers a low turn-on switching loss
and a smaller cost than a full-sized SiC power transistor. In [7],
a 6.5-kV Si-IGBT is combined with a 6.5-kV feedback diode.
Compared to the conventional devices, this hybrid solution
provides better power density, efficiency and the lowest reverse
recovery loss, which is considered to be the most significant
factor that led to its superior turn-on loss performance. In [8]
presented 4.5-kV hybrid IGBT. Compared to the conventional
devices, the turn-on loss of the IGBT decreased by about 30%.
The results of the study also indicated that the feedback diode
performance improved significantly.

The performance of the hybrid module was also significantly
improved for commercial applications, such as 600 V and 1200
V. Compared to the conventional devices, it exhibited a 40%
reduction in turn-on switching loss [9]-[10]. Several companies
have started to introduce hybrid switches. Some of these include
Semikron and On Semiconductor. These switches are designed
for 600 V and 1200 V applications. The conventional switch has
a high tail current. This condition leads to large turn-off
switching loss when the device is operating at high voltage. The
knee voltage drop caused by the feedback diode also increases
the device's conduction loss. The hybrid switch can overcome
these problems.
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The current research lacks in reliability oriented
performance assessment of hybrid switch. Hence in this paper
Hybrid Silicon-Silicon Carbide IGBT for Photo Voltaic
Applications is proposed and comparative reliability
assessment is presented. The hybrid Si-SiC IGBT consist of
Si-IGBT with SiC Feedback Diode. A test case of 600V/30A
hybrid Switch (Si-IGBT (IGW30N60H3)/SiC- diode
(C3D20060D)) is considered and implemented on a 3 kW PV
inverter. Mission Profile oriented reliability analysis is carried
out using PLECS thermal model at two different atmospheric
conditions and its effectiveness is evaluated in comparison
with conventional Si IGBT. Monte Carlo simulation is
implemented to calculate the B10 lifetime (“Probability to fail
10 % of the population”). The population size of 10000 with
5 % variation is considered. The improved B10 lifetime and
reliability with the proposed hybrid Si-SiC IGBT is obtained
at both India and Denmark locations.

2. HYBRID Si-SiC IGBT

Silicon carbide, which has a higher breakdown voltage, is a
promising material for power switches. Because of its high
blocking voltages, these devices can have better resistances
than their Si switches. The higher band-gap and thermal
conductivity of silicon carbide allow it to perform better at
higher temperatures. Its properties have been widely
discussed in the field of power electronics for several decades.
The properties of Si and SiC materials are compared and
tabulated in Table 1. The proposed hybrid Silicon-Silicon
Carbide IGBT is presented in Figure 1. The thermal model of
SiIGBT is taken from IGW30N60H3 Infineon data sheet and
SiC diode is taken from C3D20060D wolfspeed data sheet.
The IGBT with Si/SiC Diode Turn On and Turn OFF
Characteristics are presented in Figure 2 and 3.

Table 1. Properties of Si-SiC materials

Property Si Material SiC Material
Band Gap (eV) 1.1 3.3
Thermal
Conductivity () 1.5 4.5
Breakdown
Voltage 0.3 2.4
(10° V/cm)
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Figure 1. Proposed Hybrid Si-SiC IGBT

Figure 2 depicts that the current taken by SiC diode during
turn on is less than the conventional Si diode. Similarly, the
figure 3 shows that the reverse saturation current during turn
off is less and it quickly comes to the off state compared to the
conventional Si diode.
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Figure 3. Turn Off Characteristics

3. RELIABILITY ASSESSMENT METHODOLOGY

In this paper mission profile oriented reliability assessment is
carried out at two different atmospheric conditions as shown in
figure 4. One is hot atmospheric conditions i.e. India and the
other is cold atmospheric condition i.e. Denmark. Solar
Irradiance and Ambient Temperature with one-minute
resolution for one year from Sep’18 to Aug’19 is considered as
mission profile. At India mission profile taken from [11],
similarly, at Denmark it is taken from [12]. The rainflow
analysis, Monto Carlo simulation are implemented for analysis.
[13]-[14].
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Figure 4. Reliability Assessment Flowchart

4. CASE STUDY

In this paper the proposed Hybrid Si-SiC IGBT is
implemented on a 3 kW grid connected PV inverter (Single

Phase) as shown in figure 5. The specifications are tabulated in
table 2.

LCL Filter

PV Panel PV Inverter

Utility Grid

Solar
Irradiance

Ambient
Temperature

INVERTER
CONTROL

Figure 5. Hybrid Si-SiC switch based PV System

Table 2. Specifications

Name Specification

PV panel model BP365 (Model Number)
PV inverter rated power 3-kW

Grid voltage 230V

Grid frequency 50 Hz

Dc link capacitance 1.5e-3 F

In the case study BP365 PV panels are considered. The PV
inverter is designed as single phase H bridge and consists of
four switches. Reliability assessment is performed at both
component level (Single IGBT) and system level (Four
IGBT’s).

5. RESULTS AND DISCUSSION
In this paper mission profile oriented reliability assessment

is carried out on 3 kW PV inverter considering proposed
Hybrid Si-SiC IGBT under the following cases.

1. Reliability Assessment of Hybrid Si-SiC IGBT at Hot
(India) Atmospheric Condition

2. Reliability Assessment of Hybrid Si-SiC IGBT at
Cold (Denmark) Atmospheric Condition

5.1 Reliability Assessment of Hybrid Si-SiC IGBT at Hot
(India) Atmospheric Condition

In this case reliability performance of proposed switch is

assessed in comparison with conventional switch at Hot (India)
atmospheric condition.

5.1.1 Mission Profile

Mission Profile (Solar Irradiance & Ambient Temperature) is
logged for one year with one-minute resolution at Indian
atmospheric condition from Sept’18 to Aug’19 as shown in
figure 6.
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Figure 6. Mission Profile at Hot (India) atmospheric condition

In India, the maximum ambient temperature is recorded in
March to June and the lowest in November to February. The
maximum solar radiation is recorded in March, April, and May
and in the remaining months moderate values are recorded.

5.1.2 ETM of IGBT

In this paper foster Electro Thermal model is considered to
extract the junction temperature from the logged mission
profile. The junction temperature is extracted for both
conventional and proposed switch as shown in figure 7.
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Figure 7. Junction temperature
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Junction temperature exhibits the decreased trend with
proposed switch. The average junction temperature decreased
from 55.66 °C to 53.9 °C with proposed switch as shown in
figure 8.

5.1.3 RF analysis of Junction Temperature

The extracted junction temperature follows irregular profile
and it is difficult to analyses hence rainflow counting algorithm
is used to analyse it. The following parameters are extracted for
both conventional and proposed switch.

e No.of Cycles Nj,
e  Mean Junction Temperature Tjn,
e Cycle Amplitude AT.

The corresponding rainflow histogram is presented in figure
9.
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Figure 9. RF analysis

5.1.4 MCS analysis and By lifetime calculation

Based on the parameters of RF analysis, Monte Carlo
simulation is implemented to calculate the Bjo lifetime. The
population size of 10000 with 5% variation is considered.
Component level and system level By lifetime curve are plotted
for both conventional and proposed switch as shown in figure
10.
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Figure 10. By lifetime curves

The By lifetime is improved with proposed switch at both
component level and system level. At component level By
lifetime is improved from 47 years to 60 years. Similarly, at
system level By lifetime is improved from 27 years to 35 years.

5.2 Reliability Assessment of Hybrid Si-SiC IGBT at Cold
(Denmark) Atmospheric Condition

In this case reliability performance of proposed switch is
assessed in comparison with conventional switch at Cold
(Denmark) atmospheric condition.

5.2.1 Mission Profile

Mission Profile (Solar Irradiance & Ambient Temperature) is
logged for one year with one-minute resolution at Denmark
atmospheric condition from Sept’18 to Aug’19 as shown in
figure 11.

One Year Solar Irradiance
T T

E
=1000
z
@
g
=]
= 500
=
-
H

0

| | | \ \ \ \ |
0 SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG
One Year Ambient Temperature

g 40 T T T T T T T T
2
3L
o
a
8
g
=
]
-
o
=3
]
S~
= L 1 1 1 L | L L 1

0 SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

Figure 11. Mission Profile at Cold (Denmark) atmospheric
condition

In Denmark, the maximum ambient temperature is recorded
in May to August and the lowest in December to March. The
minimum solar radiation is recorded in September, October,
November, December, January, February, March and in the
remaining months maximum values are recorded.

5.2.2 ETM of IGBT
In this paper foster Electro Thermal model is considered to
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extract the junction temperature from the logged mission
profile. The junction temperature is extracted for both
conventional and proposed switch as shown in figure 12.
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Figure 12. Junction temperature

Junction temperature exhibits the decreased trend with
proposed switch. The average junction temperature decreased
from 16.38 °C to 15.91 °C with proposed switch as shown in
figure 13.
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Figure 13. Average Junction Temperature

5.2.3 RF analysis of Junction Temperature

The extracted junction temperature follows irregular profile
and it is difficult to analyses hence rainflow counting algorithm
is used to analyze it. The following parameters are extracted for
both conventional and proposed switch.
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Figure 14. RF analysis

e No.of Cycles Nj,
e  Mean Junction Temperature Tjn,
e Cycle Amplitude AT.
The corresponding rainflow histogram is presented in figure 14.

5.2.4 MCS analysis and Bio lifetime calculation:

Based on the parameters of RF analysis, Monte Carlo
simulation is implemented to calculate the Bjo lifetime. The
population size of 10000 with 5 % variation is considered.
Component level and system level By lifetime curve are plotted
for both conventional and proposed switch as shown in figure
15.
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Figure 15. By lifetime curves

The By lifetime is improved with proposed switch at both
component level and system level. At component level Bio
lifetime is improved from 93 years to 128 years. Similarly, at
system level By lifetime is improved from 53 years to 74 years.

5. CONCLUSIONS

In this paper Hybrid Silicon-Silicon Carbide IGBT for Photo
Voltaic Applications is proposed. Mission profile oriented
reliability assessment is carried out on the proposed Hybrid
Silicon-Silicon Carbide IGBT at two different atmospheric
conditions. One is hot atmospheric conditions i.e. India and the
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other is cold atmospheric condition i.e. Denmark. Solar
Irradiance and Ambient Temperature with one-minute
resolution for one year from Sep’18 to Aug’19 is considered as
mission profile. Foster Electro Thermal model is considered to
extract the junction temperature from the logged mission
profile. Rainflow analysis is implemented to analyze the
extracted junction temperature. Monte Carlo simulation is
implemented to calculate the B lifetime at component level
and system level. The population size of 10000 with 5 %
variation is considered. The Bjo lifetime is improved with
proposed switch at both India and Denmark locations.
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