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Abstract 
This paper will introduce the newest generation IGBT modules, which is developed by 
Mitsubishi Electric, including the advanced 6th generation chip technology, diode performance, 
switching performance and NTC resistor, etc. And the application tips, which are helpful to 
use the IGBT module reliably, will also be explained in this paper, including the selection of 
the drive resistors, power loss calculation and SOA selection, etc. 
 

Synopsis 
A. Features of 6th generation IGBT chips and diode chips 

 
Fig. 1. the cross section of 5th and 6th generation CSTBTTM 
Fig. 1 shows the cross section of 5th and 6th generation CSTBTTM chips. From Fig. 1, it could 
be found that 6th generation CSTBTTM adopts the thin wafer technology and narrow trench 
pitch technology, which will improve the trade-off of Eoff and Vce(sat), as shown in Fig.2. 



 

Fig. 2. Trade-off of 6th generation CSTBTTM 
 
Beside the improvement on IGBT chips in 6th generation IGBT modules, there are also much 
improvements on diode chips, which are shown in Fig. 3. 

 
Fig. 3. Improvement on diode chips 
 
B. Comparison of 5th and 6th CSTBTTM 

 



Fig. 4. Comparison of power loss 
Fig. 4 shows the comparison of 5th generation and 6th generation IGBT modules power loss, 
which is used for 30kW G/P inverter and is under 150% overload and same dv/dt application. 

 

Fig. 5. Comparison of EMI noise 
Fig. 5 shows the comparison result of 150A/1200V IGBT modules on EMI noise under the 
same gate resistor as 18Ohm, from which it could be found that the 6th generation IGBT 
modules have much lower noise than 5the generation IGBT modules. 
 
C. Application tips for 6the generation IGBT modules 
1) calculation of junction temperature and application of NTC 

 

Fig. 6. Thermal model of IGBT modules with heat-sink 
From Fig. 6, it could be found that the junction temperature could be calculated as the 
following equation. 
Tj=Tc+Ploss*Rth(j-c)                                            (1) 
Where Ploss is the power loss of IGBT chip or diode chip, Tj is the junction temperature, Rth(j-c) 
is the thermal resistance between junction and case. 
In the datasheet of CM150TX-24S, Rth(j-c) is defined as the junction to the case just under the 



chip. In this case, the case temperature should be tested just under the chips, which could 
achieve the more exact junction temperature by applying equation (1). 
After getting the junction temperature, we could also get NTC temperature inside the module, 
and then we could get the relationship between NTC temperature and junction temperature, 
which could be used for over-heat protection. 
 
2) selection of gate resistor 

 
Fig. 7. Switching power loss VS. RG 
Fig. 7 gives the relationship between the switching power loss and the gate resistor. From 
Fig. 7, it could be found that Eoff doesn’t change so much when changing the gate resistor, 
while Eon will change much by increasing the gate resistor. It is better to use the different 
RG(on) and RG(off), because IGBT modules will be controlled in SCSOA easier by using a large 
gate resistor during turn-off. 
 

Conclusion 
By comparing Mitsubishi Electric 5th and 6th generation IGBT modules, the application tips, 
are also given in this paper, including 

1) Calculating the junction temperature correctly, which could use the power modules 
reliably and save the cost; 

2) Appling the relationship of NTC temperature and junction temperature, which could 
be used for the over-temperature protection of IGBT modules; 

3) Selecting the right gate resistors, which could guarantee the IGBT modules run in 
SCSOA, RBSOA and RRSOA. 
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