
 
 

*Power Device Works 6 

TECHNICAL REPORTS

Packaging Technology for 
Highly Reliable Industrial Power Modules 

Authors: Shinsuke Asada* and Hiroshi Yoshida* 

 
 
1. Introduction 

In the field of industrial equipment, power modules 
have an extensive range of applications that includes 
not only motor control units, but also equipment for 
uninterruptible power supplies and conversion of power 
generated from natural energy, and their use continues 
to increase in line with the demand for saving energy. 
This trend is driving the need for industrial power 
modules that are more reliable and easier to install. To 
meet these needs, we have developed the 7th 
generation IGBT module T series NX type for industrial 
use. This article describes the features and reliability of 
the package structure of the product. 

 
2. Packaging Technology for Improved 

Reliability 
 

2.1 Concept of package design 
Figure 1 shows the appearance of the newly 

developed module. To increase the reliability, we 
revised many of the package components. As shown in 
Fig. 2(a), the conventional package has a structure in 
which a ceramic substrate is soldered to a copper 
baseplate. However, in this type of structure, when the 
temperature of the module changes due to the external 
environment, heat generated by turning on the power, 
or other factors, the difference in the coefficient of 
thermal expansion between the copper baseplate and 
ceramic substrate produces stress on the solder layer. 
Accordingly, the module needed to be designed to 
prolong the service life. The new package structure, as 
shown in Fig. 2(b), features a newly developed (1) 
insulated metal baseplate and (2) direct potting 
encapsulation, which alleviates the stress caused by 
heat within the module. 

 
Fig. 1 Appearance of the developed module 

 

 

(a) Conventional package structure 

  
(b) New package structure 

Fig. 2 Comparison between the cross sections of 
package structures 

 
2.2 Insulated metal baseplate 

The newly developed module adopts an insulated 
metal baseplate, which has the conventional functions 
of both the ceramic substrate for wiring and insulation 
and the copper baseplate for thermal diffusion. The 
insulated metal baseplate is a substrate with a resin 
insulation layer and wiring patterns directly formed on a 
copper baseplate. We designed the package structure 
without the ceramic substrate used in the conventional 
structure, in order to reduce the thermal stress induced 
by the mismatch between the two coefficients of 
thermal expansion. In addition, the required insulation 
and heat dissipation properties are secured by adopting 
a material with high thermal conductivity for the resin 
insulation layer. 
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2.3 Direct potting encapsulation 
Mitsubishi Electric has already commercialized a 

transfer molded structure(1) that provides a service life 
several times longer than the silicone gel encapsulation 
structure prevailing in power modules. Taking 
advantage of this, we developed a direct potting 
encapsulation technology with the aim of applying hard 
resin encapsulation similar to encapsulation using a 
mold resin to the case structure of the package for 
industrial use. Unlike transfer molding in which a solid 
resin is used, a liquid resin material was developed, 
allowing encapsulation by injecting liquid resin into the 
case structure. Furthermore, by matching the 
coefficients of thermal expansion, the thermal stress 
acting on the solder under the chip and wires inside the 
package has been reduced. 

 
2.4 Simplification of the assembling process 

In the assembling process of a module with the 
conventional structure, it is necessary to assemble the 
ceramic substrate and copper baseplate, which are 
prepared separately. However, in the new structure, 
these two components have been integrated into the 
insulated metal baseplate, thus reducing the number of 
assembling parts and soldered joints. This further 
simplifies the assembling process compared to the 
conventional structure, eliminating the factors that 
cause variations in the manufacturing quality. 

 
2.5 Reliability in endurance to heat cycles 

Figure 3 shows the results of a heat cycle test 
( 40°C  125°C), comparing scanning acoustic 
tomography (SAT) images taken in the vicinity of a 
substrate corner with the conventional and new 
package structures, in the initial state and the state 
after applying the same number of heat cycles. In the 
conventional structure, slight cracks can be seen in the 
solder joint layer under the ceramic substrate, whereas 
in the new structure without a solder joint layer, no 
abnormality is observed. In addition, we also confirmed 
that there was almost no influence from thermal stress 
on the solder layer under the chip after applying the 

same number of heat cycles. As shown in Fig. 4, we 
think that this is attributable to the reduction in stress at 
the solder joints as a result of matching the coefficient 
of thermal expansion of the direct potting resin with that 
of the insulated metal baseplate. 

 
3. Packaging Technology for Simplified 

Installation 
 

3.1 Concept for simplification of installation 
As shown in Fig. 5, power modules for industrial 

use are generally set up with the external terminals 
connected to a printed circuit board. In addition, heat 
sinks are attached to the back of the module to release 
heat, and a thermal interface material (TIM) is provided 
between the module and heat sink to facilitate the heat 
release. In the conventional structure, it is necessary for 
users to solder the external terminals to a printed circuit 
board, as well as apply grease as a TIM, before 
attaching the heat sink to the module. To simplify these 
processes, we also made a power module that comes 
with pressfit terminals and a phase change thermal 
interface material (PC-TIM) available for users. 

 
3.2 Pressfit terminals 

The pressfit connection uses a contact load to 
produce an electrical connection between a printed 
circuit board and the terminals. A pressfit terminal 
slightly larger than the diameter of the through-hole on 
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Fig. 4 Schematic cross-sectional view showing the method for improving the reliability 
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a printed circuit board is pressed into the through-hole, 
thereby providing a contact load (Fig. 6). We have 
applied this technology to the connection terminals of 
power modules. By using the power module with 
pressfit terminals, all the terminals can be connected to 
a printed circuit board at once just by setting the power 
module and the printed circuit board and pressing. Thus, 
the process of assembling a module to a printed circuit 
board is simpler than the conventional assembling 
process by soldering. 

 
3.3 PC-TIM (phase change thermal interface 

material) 
Unlike conventional heat conductive grease, the 

PC-TIM is in a solid state at approx. 45°C or below, and 
liquefies at above 45°C. These characteristics can be 
used to store and transport power modules printed with 
the PC-TIM, which means that the PC-TIM can be put 
on power modules as part of the manufacturing process. 
This enabled the installation process to be simplified 
further, by eliminating the need to apply heat conductive 
grease which is conventionally required. 

When a power module using the PC-TIM is 
pressed against a heat sink for releasing heat, the 
PC-TIM does not spread thinly, unlike the case of heat 
conductive grease. When the PC-TIM starts to soften 

after the temperature exceeds approx. 45°C, the 
material stretches in the lateral direction under the 
influence of clamping pressure, until it becomes thick in 
the wide gaps between the power module and heat sink, 
and thin in the narrow gaps, regardless of the shape of 
the object being clamped. The PC-TIM entering the 
gaps pushes out the air between the power module and 
heat sink. Figure 7 is a photograph of the appearance 
of a module with the PC-TIM printed in a hexagon 
pattern. This pattern was selected given the wetting 
extendability of the PC-TIM. Figure 8 shows the results 
of a test in which the wetting expansion of the PC-TIM 
was observed using a transparent board instead of a 
heat sink. It was confirmed that the wetting expanded 
over the entire face of the base without any gaps. 
Figure 9 compares the thermal resistances (Rth (j – f)) of 
two different TIM materials. The application of the 
PC-TIM with high heat-release properties reduces the 
heat resistance by approx. 20% compared with general 
heat conductive grease. 

 
Fig. 8 Image of the spread PC-TIM  

  

Fig. 7 Image of the module with the PC-TIM applied
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Fig. 5 Assembled structure of the module 
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Fig. 9 Comparison between the simulated thermal 
resistance values 
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4. Conclusion 
The high reliability of the newly developed 7th 

generation IGBT module T series NX type for industrial 
use has been achieved through the combined 
application of the insulated metal baseplate and direct 
potting encapsulation, which was adopted after 
re-examining the component parts used in the 
conventional package structure. Furthermore, we offer 
an optional version that comes with pressfit terminals 
and PC-TIM that makes it easy to install the module to 
the user’s system. This new module will help create an 
energy-saving society and satisfy the needs of users. 
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