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Abstract 

 The SiC power device can operate with low ON re-

sistance, high speed switching, contributing to low loss of 

the power converter. Furthermore, the SiC power device 

can operate at a higher temperature than the Si power 

device. Utilizing this characteristic, the temperature dif-

ference between the inverter and the ambient tempera-

ture can be increased, and the cooling efficiency is im-

proved. As a result, the cooling system can be simplified, 

and a small and high power density power converter can 

be manufactured. 

 In designing the cooling system, not only steady state 

temperature rise but also transient temperature rise is 

important. Suppressing this transient temperature rise 

indicates toughness against high load for a short time. 

 In this paper, we developed a module to suppress tem-

perature rise against transient heat generation. This 

module is realized by placing a heat capacity near the 

heat source. The developed module was able to demon-

strate the transient thermal resistance reduction effect in 

0.03 to 3 seconds compared to the general wire bonding 

type module. 

 

1. Introduction 

In recent years, demands for energy saving are increasing 

against the backdrop of global warming and the rise in oil 

prices. For the reason, energy saving air conditioners and 

electric vehicles equipped with inverters have become 

widespread. Although Si devices have been conventionally 

used as the main switching devices of these motor driving 

power converters, application of SiC devices is being stud-

ied for further energy saving. 

Besides having low loss, the SiC device can operate at a 

high temperature of 150 °C or higher, which cannot be used 

in general Si devices. When module using forced air cooling 

or natural air cooling operate semiconductor junction tem-

perature at a high temperature (for example Tj = 200 to 

250 °C), efficient heat dissipation is possible due to a large 

temperature difference from the outside air temperature, It is 

possible to realize miniaturization of the cooling system 

occupying a large volume in the cooling system. We made 

forced air cooling type inverter which can operate at 200 °C 

or higher in the past [1-4].  

Furthermore, while maintaining such miniaturization, we 

think that a power module that can cope with a short-time 

load like an existing inverter is necessary. In that case, it is 

important to place a heat capacity in the vicinity of the pow-

er device, which is a heat source, to relax the temperature 

rise.  

We have developed a flip chip mounting technology using 

Al bumps corresponding to 250 °C [5]. In this paper, we 

applied this technology and developed a power module with 

reduced transient thermal resistance by adding heat capacity 

at flip chip bonding near the junction which is the heat gen-

erating part of the device. We introduce how the transient 

thermal resistance tendency differs between developed 

module and module using general wire bonding. 

2. Module structure and evaluation method 

Module structure 
Fig. 1 shows a sectional structure image of a wire bonding 

type module to be compared. As in the Reference [6], the 

structure has a structure in which two heat dissipation sub-

strates using silicon nitride on the Cu - W base plate are 

stacked. SiC devices are mounted thereon and all are bonded 

with Au - Ge solder. 

 Fig. 2 shows the structure image of the power module near 

the device developed in this research. Since the lower part 

from the heat dissipating board has the same structure as the 

 
Fig. 1 Cross-sectional image of wire bond type. 
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Fig. 2 Cross-sectional image near device in wiring 

board type. 
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wire bonding type, the image is omitted. In this structure, 

the device and the wiring board are joined by flip chip 

mounting using Al bumps, not by wire bonding. Joining 

from the wiring board to the heat radiation board is joined 

with Au - Ge solder via the Cu-W block. 

 Fig. 3 shows the actual appearance of the module. Both 

modules used Cree's SiC-MOS, CPM 2 - 12000 - 0025B. 

 
Evaluation method 

Transient thermal resistance was measured for the fabricated 

module using T3Ster from Mentor. The measurement 

method is in accordance with the Reference [7]. 

 

3. Results and discussion 

 Fig. 4 shows the measurement results of the transient 

thermal resistance of wire bonding type and wiring board 

type. In both module structures, it turned out that after 3 

seconds it was in steady state. However, it can be seen that 

the thermal resistance of the wiring board type is about 0.4 

K / W at the timing of 0.1 ms, which is lower than 0.57 K / 

W of the wire bonding type. Fig. 5 shows the ratio of the 

transient thermal resistance of the wiring board type when 

the transient thermal resistance of the wire bonding type is 1. 

Values are normalized in steady state. It cannot be deter-

mined until about 2 ms because the measurement noise is 

large. It can be seen that transient thermal resistance of the 

wiring board type is excellent in the region from 3 ms to 3 s. 

The timing at which the ratio of the transient thermal re-

sistance was the largest was about 15% at the timing of 

about 81.3 ms. 

 

3. Conclusions 

 Using Al bump flip chip mounting technology, we 

fabricated a power module with heat capacity added 

close to the device. In this module, the transient 

thermal resistance was reduced in 3 ms to 3 s com-

pared to the wire bond type that is generally used.  
The maximum transient thermal resistance reduc-

tion was about 15% reduction at 81.3 ms. We will 

further enhance heat capacity in the vicinity of the 

device and aim for further improvement of transient 

thermal characteristics. 
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Fig. 3 Photograph of the power modules. 

 
Fig. 4 Measurement result of transient thermal re-

sistance. 
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Fig.5 Transient thermal resistance ratio of wiring 

board type based on wire bond type. 
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