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░ ABSTRACT- The development of bifacial photovoltaics has led to significant advancements in solar energy. Unlike 

traditional solar panels, which only generate electricity from the front side, these panels capture the energy from the rear and front 

surfaces. Bifacial photovoltaics utilize a dual-sided absorption to capture the sunlight that falls on nearby structures and the ground. 

This technology helps boost their efficiency and makes them an economical and sustainable choice. Furthermore, the increased 

energy production from the rear side of bifacial panels may lead to higher voltage fluctuations, which affects the thermal stability 

of PV inverter. Nevertheless, PV inverter is regarded as critical component which affects the reliability performance. Hence in this 

paper reliability improvement methodology with hybrid IGBT is proposed for the PV inverter. The hybrid IGBT consists of Silicon 

(Si) IGBT and Silicon Carbide (SiC) Schottky diode. A test case of 3-kW Monofacial and Bifacial grid connected PV inverter 

system with various albedos is considered. Mission profile for one year at Hyderabad, India location is logged for the assessment. 

B10 lifetime is calculated for the proposed hybrid IGBT. The effectiveness of the proposed hybrid IGBT is evaluated in comparison 

with conventional IGBT. The proposed hybrid IGBT significantly improves the reliability performance of the PV inverter. 
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░ 1. INTRODUCTION   
The advancement of bifacial photovoltaics (PV) technology has 

made it possible to harvest more solar energy. Compared to 

traditional solar panels, which only absorb the sunlight coming 

from the front side, these bifacial panels capture the sunlight 

coming from both the rear and front surfaces [1]. The dual-sided 

absorption of bifacial photovoltaic panels leads to higher energy 

production and makes them more sustainable. They can be 

mounted on various types of structures and can be operated in 

different ways to optimize their energy capture. In areas with 

high albedo, such as sand or snow, bifacial panels can help 

improve the energy output of solar systems by capturing the 

sunlight coming from these surfaces [2]. In order to make them 

more efficient, ongoing studies are being conducted on how to 

improve the power flow of these panels. Bifacial photovoltaics 

technology is playing an important role in meeting the 

increasing demand for energy from renewable sources [3]. 

However, the ability to harvest solar energy from both the rare 

and front surfaces of the panels can increase the load on the 

inverters, which effects the reliability performance. 

Nevertheless, inverter is reported as the critical component in 

the PV system. To improve the reliability of the power 

semiconductors, today’s research focusses on SiC based power 

semiconductors.  
 

Due to its exceptional performance in power electronic devices, 

such as switches, Silicon Carbide has emerged as a promising 

material. Compared to traditional silicon-based technologies, 

SiC offers numerous advantages, making it an ideal choice for 

high-speed applications. Its wide bandgap characteristic enables 

high breakdown voltages and helps devices operate at elevated 

temperatures. In [4] proposed a single-channel, voltage-fed 

AC/DC converter that utilizes a Si IGBT/SiC hybrid switch. By 

adding two switches at the input side, we were able to reduce 

the number of devices required. In [5] proposed an improved 

4H-SiC IGBT with enhanced modulation that is considered to 

be 3-D. The suggested IGBT structure is said to be composed 

of a gate that wraps around a raised channel, which is different 

from the traditional 2D structure. An optimal design to extract 

the parameters for the hybrid switch is proposed in [6]. In [7] 

presented the design of a PV inverter with a low inductance T-

type configuration utilizing SiC-MOS, IGBT, and SIIGBT. 
 

In [8] proposed a hybrid modular converter (MMC) topology 

that features two types of submodules: one of which is based on 

SiC MOSFET, and the other is based on IGBT. The suggested 

hybrid configuration can reduce the blocking voltage 

requirement of the SiC MOSFET by half. In [9] presented a 

hybrid switch configuration that utilizes two types of IGBT and 
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two types of SiC hybrid switches. It is said to be very efficient 

and has low device cost. In [10] implemented a prototype of SiC 

MOSFET based 4.5-kW DC-AC converter was tested and 

operated. In [11] presented a hybrid switch that is based on the 

Si IGBT and the SiC MOSFET technology for DC applications. 

The proposed SSCB has lower losses than the pure IGBT-based 

model. In [12] analysed performance of different flow channels 

and their fluid characteristics to determine the design of a 

cooling flow fin. This feature was then refined to provide an 

indication of the hybrid module's heat transfer. 
 

In [13] presented the concept of a hybrid switch that is powered 

by the combination of a SiC FET and a SiIGBT. The static and 

dynamic characteristics of the two different hybrid switches are 

then compared. In [14] presented a novel method for controlling 

the gate turn-off time of a Si/SiC HyS-based hybrid switch. It is 

based on a mathematic power loss model. The suggested gate 

turn-off time can be efficiently achieved across a wide load 

range. In [15] investigated and compared the effects of the FRV 

phenomena on the different technologies that are commonly 

used in the production of Si-IGBTs. It also tests the system level 

impact of these hybrid devices with the ANPC topology. 
 

In [16] developed a hybrid Si IGBT and SiC MOSFET for Half-

bridge 1.7 kV power module. In [17] proposed a power loss 

model for the ANPC inverter topology, taking into account the 

modulation strategy and the characteristics of the hybrid 

switches. In [18] presented a hybrid FC-MMC topology that is 

powered by the combination of a Si IGBT and a SiC MOSFET.  
 

The converter arms are also equipped with multiple Si SMs. In 

[19] proposed CTV-ATC method to analyse the issues of 

thermal variation caused by time variations. In [20] explores the 

design suitability of the Si IGBT architecture for the given area 

ratio of the IGBT-MOSFET. Up to 80% of the system's 

performance can be achieved with the hybrid switch concept. In 

[21] presented a dual-mode HyS configuration, which features 

a 1200V 12A SIC MOSFET and a 40A IGBT. The different 

degradation mechanisms of the system are analysed and studied 

under the AC power cycle. In [22] presented a high-

performance traction converter that uses all-silicon carbide 

technology. It is designed for use in new light rail systems. 
 

As the SiC is not economical in this paper reliability 

improvement methodology with hybrid IGBT is proposed for 

the PV inverter. The hybrid IGBT consists of Silicon (Si) IGBT 

and Silicon Carbide (SiC) Schottky diode. A test case of 3-kW 

Monofacial and Bifacial grid connected PV inverter system 

with various albedos is considered. Mission profile for one year 

at Hyderabad, India location is logged for the assessment. 

Foster ETM is used to obtain the junction temperature (JT). JT 

variations are analysed by using Rainflow (CRF) algorithm.  

Monte Carlo Simulation (LMCS) is used to produce 10000 

populations. B10 lifetime is calculated for the proposed hybrid 

IGBT. The effectiveness of the proposed hybrid IGBT is 

evaluated in comparison with conventional IGBT. The 

proposed hybrid IGBT significantly improves the reliability 

performance of the PV inverter. 

░ 2. PROPOSED HYBRID IGBT 

MODULE  
The incorporation of Silicon Carbide technology into power 

electronic devices represents a paradigm shift in the way power 

electronics is done. Compared to traditional silicon-based 

components, these modules offer numerous advantages, such as 

better efficiency and performance. They integrate various 

power devices, like Schottky diodes and MOSFETs, into a 

single package. The high thermal conductivity and wide 

bandgap of silicon carbide make it an ideal material for power 

modules [23], [24]. In this paper, hybrid IGBT with Silicon (Si) 

IGBT and antiparallel Silicon Carbide (SiC) Schottky diode is 

proposed as shown in figure. 1. 

 

Si - IGBT SiC - DIODE

HYBRID Si-SiC IGBT

 
 

Figure 1. Proposed Hybrid IGBT 
 

The thermal models of Si-IGBT and Si-Diode are based on the 

materials produced by Infineon and Wolf speed respectively. 

The comparison of properties for Si and SiC materials are 

presented in figure. 2. 
 

 
 

Figure 2. Properties Comparison (Si Vs SiC) 
 

2.1. Reliability Assessment Methodology 
Reliability assessment methodology consists of various stages. 

To obtain the PV inverter reliability, component level (LC) 
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reliability is obtained and then system level (LS) is obtained by series reliability block diagram. The flowchart for the reliability 

assessment is presented in figure 3. 
 

 
Figure 3. Reliability Assessment Flow chart 

 

The LF is calculated by using the lifetime equation of the 

Bayerer as show in equation. 1 
 

Lf =  
1

∑
No.of cycles (ni)

A(∆Tj)
β1

.e

β2

(Tj+ 273) 
.ton

β3.Iβ4.Vβ5.Dβ6

 
                         (1) 

 

Monte Carlo Simulation (LMCS) is used to produce 10000 

population. LF at each population is computed using Eq. 1 and 

fitted in Weibull distribution. LC and LS reliability are 

calculated using the equation. 2 and equation. 3 respectively.  
 

Ri(t) =  e−(
t

∝
)

γ

                                                                (2) 
 

Where  

Ri(t) =  Reliability of individual component 
∝ = Scale Parameter 

γ = Shaper Parameter 
 

Rtotal(t) =  ∏ Ri(t)n
i=1                                                    (3) 

 

2.2. Case Study 
A case study of 3-kW Monofacial and Bifacial grid connected 

PV inverter system is considered as shown in figure. 4. Mission 

profile for one year with one minute resolution at Hyderabad, 

India location is logged for the assessment as shown figure. 5. 

System specifications are tabulated in table 1. 
 

 
 

Figure. 4. Test Case 

 
 

Figure. 5 Monthly MP for One Year 
 

░ Table 1. System Specifications 
 

 

The bifacial PV panels are modelled under various albedos as 

shown in figure. 6. 
 

 
Figure 6. Various Albedos Considered for Analysis 
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PV Panel BP (365) 
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░ 3. RESULTS AND DISCUSSIONS 

In this paper reliability improvement methodology with hybrid 

IGBT is proposed for the PV inverter. The hybrid IGBT consists 

of Silicon (Si) IGBT and Silicon Carbide (SiC) Schottky diode. 

A test case of 3-kW Monofacial and Bifacial grid connected PV 

inverter system with various albedos is considered under the 

following cases 
 

•  PV Inverter Reliability Evaluation with Conventional IGBT 

•  PV Inverter Reliability Evaluation with Hybrid IGBT 

 

3.1. PV Inverter Reliability Evaluation with 

Conventional IGBT 
In this case reliability evaluation of 3-kW Monofacial and 

Bifacial grid connected PV inverter system with various 

albedos is implemented with conventional IGBT. The yearly 

MP is translated into JT for different albedos using the foster 

electrothermal model shown in figure. 7. Since the JT follows 

an irregular profile, a counting algorithm is required to analyse 

it. 
 

 
 

Figure. 7. Translated JT for Yearly Mission Profile with 

Conventional IGBT 
 

The Rainflow Counting (CRF) algorithm used to extract the 

thermal profiles JT for various albedos. It analyses the profiles 

by determining the number of cycles, average cycle count, and 

the cycle range as show in figure. 8. 
 

 
(a) Monfacial 

 
(b) Soil, Meadows 

 

 
 

(c) Dirt, Gravel, Concrete 

 

 
 

(d) Sand 
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(e) Snow 

 

 
(f) White Membrane 

Figure 8. CRF algorithm for various Albedos with Conventional 

IGBT 
 

The LMCS algorithm is utilized to produce a population of 

10,000 and LF is calculated at each population using equation. 

1. The calculated LF at each population is then fitted in the 

Weibull distribution as shown in figure. 9. 
 

 
 

Figure 9. LMCS and Weibull Distribution with Conventional IGBT 

From the Weibull distribution the scale and shape parameters 

are evaluated and reliability function at LC is calculated using 

equation. 2, LS is calculated using equation. 3. The LC for 

monofacial and bifacial panel are shown in figure. 10 and 

figure. 11 respectively. 
 

 
 

Figure 10. LC R(t) for Monofacial Panel with Conventional IGBT 

 

 
 

Figure 11. LC R(t) for Bifacial Panel with Conventional IGBT 
 

In figure. 10 and figure. 11, B10 lifeline (R(t)=0.9) intersects 

the LC reliability curve for monofacial and bifacial with various 

albedos are tabulated in table 2. 
 

░ Table 2. B10 lifetime at LC with Conventional IGBT 
 

S. No. Type of the Panel 
B10 Lifetime in 

Years 

1 Monofacial 33 

2 
Bifacial-Soil Meadows (Albedo 15 

%)  
22 

3 
Bifacial-Dirt, Gravel, Concrete 

(Albedo 30 %)  
16 

4 Bifacial-Sand (Albedo 50 %)  11 

5 Bifacial-Snow (Albedo 70 %)  8 

6 
Bifacial-White Membrane (Albedo 

85 %)  
6 
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The LS for monofacial and bifacial panel are shown in figure. 

12 and figure. 13 respectively. 
 

 
 

Figure 12. LS R(t) for Monofacial Panel with Conventional IGBT 
 

 
 

Figure 13. LS R(t) for Bifacial Panel with Conventional IGBT 

 

In figure. 12 and figure. 13, B10 lifeline (R(t)=0.9) intersects 

the LS reliability curve for monofacial and bifacial with various 

albedos are tabulated in table 3. 
 

░ Table 3. B10 lifetime at LS with Conventional IGBT 
 

S. No. Type of the Panel 
B10 Lifetime in 

Years 

1 Monofacial 24 

2 
Bifacial-Soil Meadows (Albedo 15 

%)  
16 

3 
Bifacial-Dirt, Gravel, Concrete 

(Albedo 30 %)  
12 

4 Bifacial-Sand (Albedo 50 %)  8 

5 Bifacial-Snow (Albedo 70 %)  5.8 

6 
Bifacial-White Membrane (Albedo 

85 %)  
5 

 

 

 

In both cases the decreasing trend is observed in B10 lifetime 

with the increase in Albedo. Hence reliability improvement 

methodology is needed. 
 

3.2. PV Inverter Reliability Evaluation with 

Hybrid IGBT 
In this case reliability evaluation of 3-kW Monofacial and 

Bifacial grid connected PV inverter system with various 

albedos is implemented with hybrid IGBT (Si-IGBT with SiC-

Diode). The yearly MP is translated into JT for different albedos 

using the foster electrothermal model shown in figure. 14. Since 

the JT follows an irregular profile, a counting algorithm is 

required to analyse it. 
 

 
 

Figure. 14. Translated JT for Yearly Mission Profile with Hybrid 

IGBT 
 

The Rainflow Counting (CRF) algorithm used to extract the 

thermal profiles JT for various albedos. It analyses the profiles 

by determining the number of cycles, average cycle count, and 

the cycle range as show in figure. 15. 

 

 
(a) Monfacial 
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(b) Soil, Meadows 

 

 
 

(c) Dirt, Gravel, Concrete 

 

 
 

(d) Sand 

 

 
 

(e)Snow 

 

 
 

(f) White Membrane 

Figure. 15 CRF algorithm for various Albedos with Hybrid IGBT 
 

The LMCS algorithm is utilized to produce a population of 

10,000 and LF is calculated at each population using equation. 

1. The calculated LF at each population is then fitted in the 

Weibull distribution as shown in figure. 16. 
 

 
Figure. 16 LMCS and Weibull Distribution with Hybrid IGBT 
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From the Weibull distribution the scale and shape parameters 

are evaluated and reliability function at LC is calculated using 

equation. 2, LS is calculated using equation. 3. The LC for 

monofacial and bifacial panel are shown in figure. 17 and 

figure. 18 respectively. 
 

 
Figure. 17 LC R(t) for Monofacial Panel with Hybrid IGBT 

 

 
 

Figure. 18 LC R(t) for Bifacial Panel with Hybrid IGBT 
 

In figure. 17 and figure. 18, B10 lifeline (R(t)=0.9) intersects 

the LC reliability curve for monofacial and bifacial with various 

albedos are tabulated in table 4. 
 

░ Table 4. B10 lifetime at LC with Hybrid IGBT 
 

S. No. Type of the Panel 
B10 Lifetime in 

Years 

1 Monofacial 43 

2 
Bifacial-Soil Meadows (Albedo 

15 %)  
29 

3 
Bifacial-Dirt, Gravel, Concrete 

(Albedo 30 %)  
22 

4 
Bifacial-Sand (Albedo 50 %)  

15 

5 Bifacial-Snow (Albedo 70 %)  10.5 

6 
Bifacial-White Membrane 

(Albedo 85 %)  
8 

 

The LS for monofacial and bifacial panel are shown in figure. 

19 and figure 20 respectively. 
 

 
Figure. 19 LS R(t) for Monofacial Panel with Hybrid IGBT 

 

 
 

Figure. 20 LS R(t) for Bifacial Panel with Hybrid IGBT 
 

In figure. 19 and figure. 20, B10 lifeline (R(t)=0.9) intersects 

the LS reliability curve for monofacial and bifacial with various 

albedos are tabulated in table 5. 
 

░ Table 5. B10 lifetime at LS with Hybrid IGBT 
 

S.No. Type of the Panel 
B10 Lifetime in 

Years 

1 Monofacial 31 

2 
Bifacial-Soil Meadows (Albedo 15 

%)  21 

3 
Bifacial-Dirt, Gravel, Concrete 

(Albedo 30 %)  16 

4 
Bifacial-Sand (Albedo 50 %)  

11 

5 
Bifacial-Snow (Albedo 70 %)  

7.7 

6 
Bifacial-White Membrane (Albedo 

85 %)  6 
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With the proposed Hybrid IGBT the B10 lifetime is improved 

at all the cases. 

  

░ 4. COMPARISON ANALYSIS 
The reliability performance of proposed hybrid IGBT is 

compared with the conventional IGBT. The LC B10 lifetime 

comparison is presented in figure. 21 and the LS B10 lifetime 

comparison is presented in figure. 22. In both the cases the 

proposed Hybrid IGBT significantly improves the reliability 

i.e., B10 lifetime. 
 

 
 

Figure 21. LC B10 lifetime comparison 
 

 
 

Figure 22. LS B10 lifetime comparison 
 

░5. CONCLUSION 
In this paper reliability improvement methodology with hybrid 

IGBT is proposed for the PV inverter. The hybrid IGBT consists 

of Silicon (Si) IGBT and Silicon Carbide (SiC) Schottky diode. 

A test case of 3-kW Monofacial and Bifacial grid connected PV 

inverter system with various albedos is considered. Mission 

profile for one year at Hyderabad, India location is logged for 

the assessment. Foster ETM is used to obtain the junction 

temperature (JT). JT variations are analyzed by using Rainflow 

(CRF) algorithm.  Monte Carlo Simulation (LMCS) is used to 

produce 10000 populations. B10 lifetime is calculated for the 

proposed hybrid IGBT. The effectiveness of the proposed 

hybrid IGBT is evaluated in comparison with conventional 

IGBT. In bifacial case decreasing trend is observed in B10 

lifetime with the increase in Albedo. Hence reliability 

improvement methodology is needed, with the proposed hybrid 

IGBT significantly improves the reliability performance of the 

PV inverter in all the cases. 
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