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Structural Development of Double-sided Cooling Power Modules
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The Power Control Unit (PCU) has been commercialized in the automotive market for hybrid vehicles by DENSO
in 2007. The PCU has extremely high output power associated with high power dissipation and is installed in a
limited small space in hybrid vehicles. A new "Double-sided Cooling Power Module" has been developed to
achieve the installation of the PCU in hybrid vehicles. In the new module, the power semiconductor devices
(IGBT and Diode) are sandwiched between combination units of (1) "a heat spreader" and (2) "a cooling plate with
corrugated fins" to downsize the PCU while controlling high output power and it has three solder joint layers
including a very unique layer on the upper side of the power device. Damage-susceptible transistor cells and p-n
junctions of power devices are formed in the top surface layer and device stress damage may significantly influ-
ence the reliability of the product. Therefore, we have investigated the stress using a specific stress-monitoring
device because the utmost attention must be paid to the stress that is caused by the solder on the upper side of
the power devices and by the assembled structure. Consequently, we have decided the optimum thicknesses of
each solder layer and developed a new position control soldering method. Additionally, we have clarified that the
surface roughness of the heat spreader does not influence thermal resistance (by investigating the effect of the

surface roughness.)
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Fig. 3 Cross sectional view of a conventional power module
and a double sided power module
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