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Introduction 

The aim is to show the practical application of 7th generation IGBTs, based on the example of the latest ENI-

PTC750/52 Auxiliary Power Supply (APS) from Enika. This was designed for the Light Rail Transit Authority (LRT1) 

in Manila, where the trains have been in operation since May 2019. A comparison is made between the latest 

7th generation IGBT and the previous 5th generation IGBT. 

Comparison of 5th and 7th generation IGBT modules 

Development of semiconductors 

In this age of electronics and power electronics, manufacturers are racing to improve their power semiconductors. 

The latest solutions, like SiC (Silicon Carbide) and GaN (Gallium Nitride) semiconductors, feature the best power 

density levels and efficiency, but they have one disadvantage: they are still very expensive. At the same time the 

manufacturers of IGBT transistors are also working to improve their products, with the 7th generation IGBT transistors 

recently being introduced. 

This type of IGBT is characterized by faster switching and smaller losses. This allows operation at higher frequencies 

and better efficiencies, which leads to reductions in the required cooling system and size of the converters and 

inverters. A practical comparison between a 5th generation (Fuji 2MBI550VN-170-50) and a 7th generation (Mitsubishi 

CM600DX-34T) IGBT module installed in an ENI-PTC750/52 unit is shown below. 

Both modules have very similar electrical parameters: 

• Collector – emitter voltage: 1700 VDC 

• Continuous collector current: 550 A (2MBI550VN-170-50) and 600 A (CM600DX-34T) 

• Package type: Semix 

The 2MBI550VN-170-50 module is commonly used in many Enika applications and the CM600DX-34T is a successor, 

which is why these modules were chosen for the comparison. Despite the similar basic parameters, the 7th generation 

module has lower switching losses and shorter switching times. The figures below show the switching losses and 

switching times, based on the datasheets. 
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The figures cannot be directly compared due to the different initial conditions (which have to be calculated), which 

is why the differences in the figures above may not be visible at first sight. 

  

Loss calculation for ENI-PTC750/52 

Table 2 shows the loss calculations for each module for three different output powers of the ENI-PTC750/52: half 

power, nominal power and twice nominal power. All parameters are taken from the datasheets and have been 

recalculated to the same initial conditions. The loss calculations were made according to the equations below: 

Conduction loss in the transistor 

 

 Conduction loss in the diode 

  

 Switching loss in the transistor 

 

 Switching loss in the diode 

  

 Where: 

VCE0 – collector – emitter saturation voltage (for IC = 0 A), 

rce – collector – emitter resistance, 

VF0 – diode voltage drop (for IC = 0 A), 

rF – diode resistance, 

m – modulation index, 

cos j – power factor, 

IM – peak current. 
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Table 2.   Comparison of losses for each module at different output powers. 

 

The efficiencies indicated in Table 2 are based only on the losses from the IGBT modules, ignoring the losses from 

the inductive elements. In all cases, the efficiency of an inverter with a 7th generation module is higher: for nominal 

power it is about 28% higher. The faster switching time allows deadtime to be decreased by 30%.  

Results of the simulation 

The calculations presented in section Loss calculation for ENI-PTC750/52 have been compared to simulations of the 

ENI-PTC750/52 converter, using the PSIM software. This allows not only a check of the converter waveforms but 

also the thermal losses from the modules. The figures below show the converter losses at nominal power and twice 

nominal power for each module. 
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 Figure 12.  Losses in the IGBT module for nominal converter power 

 

Figure 13.  Losses in the IGBT module for twice the nominal converter power 

Table 3 shows the calculated and simulated losses for each module. For all scenarios the results are similar, with the 

differences between calculation and simulation resulting from the different approximation methods used for the  
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module characteristics, and which clearly shows that the losses for the 7th generation module is much lower.  

At nominal power, the inverter for the 7th generation module achieved a reduction in losses of 523 W. 

Table 3.   Comparison of losses between the two modules, for the simulation and calculation 

 

The PSIM simulation also allows the waveforms to be checked at each point of the converter. Figure 14 and Figure 

15 show the IGBT current achieved by simulation and by oscilloscope measurement. 

  

 Figure 14.   Inverter current and voltage on the IGBT transistor in the simulation 
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 Figure 15.  Inverter current and voltage on the IGBT transistor by measurement 

  

Conclusions 

The calculations and simulations presented here show that the 7th generation IGBT features much smaller losses 

than the 5th generation. Efficiency measurements of actual converters have values between 90.1% and 91.7%, 

depending on supply voltage and converter load. This shows that even with IGBT transistors, high converter 

efficiency can be achieved. A 30% reduction in losses on the IGBT allow reductions in the heatsink and cooling 

systems, reducing the price and weight of the converter. 
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