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1. Introduction 

IGBT modules for industrial are characterized by 
low loss and high reliability and are used in a wide 
range of applied equipment in the industrial market, 
including inverters, servo amplifiers, wind power 
generation, solar photovoltaic generation, and UPSs. In 
recent years, IGBT module is required higher reliability 
and the reduction of power consumption in order to 
achieve enhanced energy efficiency and longer life time. 
To meet this demand, we have newly developed the 7th 
generation IGBT module named “T series” which 
consists of a new structure and 7th generation chips. 
This paper describes the features and characteristics of 
the “NX type package” (Fig. 1) and “std type package” 
(Fig. 2) of the 7th generation IGBT modules. 

 
Fig. 1 NX type package (62×152 mm) 

 
Fig. 2 std type package (62×108 mm) 

 
2. Features of the 7th Generation T Series 

 
2.1 Reduction of power loss 

Loss simulation in the case of PWM inverter 
operation was performed under the condition that 
conventional and proposed IGBT modules have the 
same level of radiation noise. As shown in Fig. 3, the 
total loss of 7th generation IGBT module is reduced by 
approximately 10% in comparison with 6th generation 
IGBT module. 

 

2.2 High reliability 
The case temperature Tc of an IGBT module varies 

greatly due to the start and stop operations of a system. 
As the module is composed of multiple materials, thermal 
expansion by the difference in the coefficient causes 
considerable stress at each material boundary, resulting 
in fatigue in a thermal cycle test to simulate this behavior, 
Tc is changed by repeatedly turning on and off the power, 
thereby enabling assessment of the product life time. 
Figure 4 shows the 6th generation structure(1), 7th 
generation NX type structure(2), and 7th generation std 
type structure(3). With the 6th generation structure, as 
solder is fragile compared to copper and ceramics, a 
crack in the solder layer under the substrate where the 
stress is especially high is one of the factor to decide life 
time. On the other hand, in the 7th generation structure 
in which the insulation part and the copper base are 
combined, the solder layer under the substrate has been 
eliminated, therefore it becomes possible to enhance the 
thermal cycle capability. 

Figure 5 shows the scanning acoustic tomograph 
(SAT) images of the 6th generation structure and 7th 
generation NX type package structure in the initial state 
and the state after applying the same number of heat 
cycles. In the 6th generation structure, a crack can be 
seen in the solder layer under the ceramic substrate, 
whereas in the 7th generation structure without a solder 
layer, no deterioration is observed in the resin layer of the 
insulated metal baseplate. 

 

Fig. 3 Results of loss simulation of 1,200 V/450 A
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2.3 Product lineup 
 Table 1 shows the T series lineup. A total of 48 

models of the 650 V and 1,200 V NX type packages 
(soldered terminals/pressfit terminals) and std type 

packages have been newly developed as our 7th 
generation IGBT module. The connection to a printed 
circuit board using the pressfit terminals can be 
completed by setting and pressing the module. It is a 
simple process for users in comparison with the 
conventional soldering connection. As the models with 
pressfit terminals are added to the NX type packages, 
users can choose either the conventional terminals to be 
soldered or the pressfit terminals. Added to the standard 
type package is a 1,200 V/600 A model, commercialized 
for the first time, with external dimensions of W62 × D108 
mm. In addition, optional application of the PC-TIM 
(phase change thermal interface material) is available 
with all 48 models. PC-TIM-applied products enable to 
reduce the coating process in users, therefore it is easier 
to handle than when thermal grease is used. 

 

(a) 6th generation module 

(b) 7th generation module (NX) 

(c) 7th generation module (std) 

Fig. 4 Comparison of the structure between the 6th 
generation module, 7th generation module (NX), 
and 7th generation std type package 

Fig. 5 Comparison of SAT images after a thermal cycle 
test 

Initial state 

State after 
applying the 

same number 
of heat cycles 

6th generation structure 7th generation NX type 
package structure 

Crack in the solder No deterioration 

Table 1 Lineup 
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3. Package 
 

3.1 NX type package  
The structure of the 7th generation NX type package 

greatly changed from conventional 6th generation 
package structure. The 6th generation structure is 
composed of a ceramic substrate, copper baseplate and 
solder under the chips and substrates as the materials 
under the chips. As shown in Fig. 2(b), 7th generation NX 
type package structure has newly adopted an insulated 
metal baseplate equipped with insulation part and copper 
base part. The insulated metal baseplate by using a 
copper baseplate, thick copper foil layer and an insulated 
resin sheet optimized for its heat dissipation and 
insulating performance. Moreover, optimization of the 
thickness of the copper base part and patterns has 
reduced the mass by 15% of that of compared with the 
6th generation package. As shown in Fig. 4(a), (b), in 
contrast to the multiple substrates used in the 6th 
generation structure, the 7th generation NX type 
package structure has one unified the insulated metal 
baseplate. 

As a result, wires used for electrically connecting 
substrates are no longer needed, thus reducing the 
internal inductance by 30% in comparison with the 6th 
generation (1,200 V/300 A model). 

Conventional 6th generation IGBT module used gel 
to cover chips and bonding wires above a substrate. 

The 7th generation NX type package structure 
adopts newly developed direct potting resin that is 
optimized for reducing mechanical stress. 

 
3.2 Std type package 

Next, we describe the features of the thick copper 
SiN (silicon nitride) substrate in the 7th generation 
standard type package in which the substrate and the 
copper baseplate are combined. The thick copper SiN 
substrate is a ceramic substrate as with a conventional 
AlN (aluminum nitride) substrate, but differs from the 
AlN substrate in the copper pattern thickness and the 
material/thickness of the insulation layer. We tripled the 
conventional thickness of the copper pattern on the chip 
side, thereby increasing the thermal diffusion before the 
heat passes through the insulation layer, which is 
disadvantageous in terms of heat conduction. Also, the 
tripled copper pattern thickness allows the passage of a 
large current with a narrower circuit pattern width. The 
change in the insulation layer material from AlN to Si3N4 
has increased the mechanical strength of the substrate, 
allowing an increase in the substrate dimensions as 
well as the thinned insulation layer, and ensuring the 
high reliability of the US bonding. The thickened copper 
pattern and the expanded substrate size eliminates the 
use of the conventional wires between substrates, 
making it possible to increase the chip mounting area, 

and to optimally arrange a large current circuit pattern. 
Thanks to these benefits, the 7th generation std type 
package series comes with high-capacity chips in a 
smaller package that is compatible with a conventional 
sized package.  

 
4. Chip 

 
4.1 7th generation IGBTs 

Figure 6 shows the schematic cross-sectional view 
of a 7th generation IGBT. For the 7th generation IGBTs, 
we used our CSTBT (carrier stored trench-gate bipolar 
transistor) structure as with the 6th generation IGBTs. 
The wafer thickness has been reduced by approx. 10%, 
thereby improving the trade-off between the 
collector-emitter saturation voltage VCEsat and turn-off 
switching loss Eoff (Fig. 7). SOA capability with thin chips 
is secured through the optimization the area ratio 
between the n+ emitter layer and p+ layer in the MOSFET. 
By optimizing the gate capacitance, improving the 
controllability of the reverse recovery dv/dt through the 
gate resistance RG. In other words, RG smaller than that 
of a conventional IGBT module lowers the reverse 

Collector 

Emitter Gate Improvement of SOA 
capability/controllability 
by optimization of the 
MOS structure 

n+ emitter layer 

Power loss reduction 
by thinning 

n  layer

n+ buffer layer 
p+ collector layer

Fig. 6 Cross-sectional view of the 7th generation 
IGBT chip 

Carrier 
stored layer

p+ layer 

Fig. 7 Comparison of the VCEsat-Eoff trade-off 

Eoff reduced by 10% 
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recovery dv/dt, reducing the turn-on switching loss Eon by 
10% at the same dv/dt (Fig. 8). 

 
4.2 7th generation diodes 

Figure 9 shows the schematic cross-sectional view 
of a 7th generation diode. For the 7th generation diodes, 
which are RFC (Relaxed Field of Cathode) diodes with 
a structure containing p+/n+ layers formed at the 
cathode using the technology for backside dopant 
profiling, the wafer thickness has been reduced by 
approx. 20% compared with a 6th generation diode. 
This RFC diode made it possible to reduce the wafer 
thickness while suppressing the oscillation which is an 

issue when thinning a wafer, thereby improving the 
trade-off between the emitter-collector voltage VEC and 
the reverse recovery loss Err compared to a 
conventional diode (Fig. 10). 

 
5. Conclusion 

In the 7th generation IGBT modules, as we 
introduced a new structure for the package in which the 
insulation part and copper base part are integrated, and 
adopted the 7th generation chips, our new product has 
low power loss and high reliability. Furthermore, our 
lineup has been added with the NX type package 
models and standard type package models, offering the 
option of using the PC-TIM for all models and meets the 
needs of users. Going forward, we will develop 7th 
generation IGBT modules in the market to contribute to 
an energy-saving society. 
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Fig. 8 Comparison of the RG-Eon trade-off 

Eon reduced by 10% 

Fig. 10 Comparison of the VEC-Err trade-off 

Err reduced by 15% 

Fig. 9 Cross-sectional view of the 7th generation 
diode chip 
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