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Development of Power Devices for Power Cards
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The Power Control Unit (PCU), which has extremely high output power associated with high power dissipation and is
installed in a limited small space, has been commercialized in the automotive market for hybrid vehicles by DENSO in
2007. The PCU, known as a "Power Card", is an intelligent power module and includes the power semiconductor devices
(IGBT and Diode). The power devices are sandwiched between combination units of a heat spreader and a cooling plate
with corrugated fins in order to achieve the installation of the PCU in hybrid vehicles.

The power devices in the "Power Card" require a specific and original design because (1) the structure of "Power Card"
is unique in order to dissipate the massive internally generated heat and (2) soldering of the device is implemented on
the top side, in addition to the normal soldering on the back side. The damage-susceptible transistor cells and p-n junc-
tions of power devices are formed in the top side layer by semiconductor wafer process. Therefore, in addition to the
design for high output power control, utmost attention must be paid on designing transistor cells and the electrode on
the top side, even under the intense stress caused by high current density and the package structure. In this paper, for
the IGBT, we described the design of (a) device structure, and (b) the change in characteristics due to high stress.
Subsequently, we present the design of a diode device and the development of plating process on the top side of those

devices.
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Fig. 1 Cross sectional view of a conventional power module

and a double-sided power module
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Fig. 2 Overview of power devices for a Power Card
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Fig. 3 Cross sectional view of a conventional power module and a Power Card
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Fig. 4 Overview of pattern layout of IGBT for a Power
Card
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d1~~d3: distance from Cu terminal to Cell area

IGBT and Cu Terminal size are fixed.
Heat generation area d1-~d3 are variable.
The volume of heat generation is fix with 100W.

(a) Method of simulation

Heat in this area flows mainly backside only.

Fig. 5 Enlarged cross sectional view of the bonding area and
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(b) Results of simulation

Fig. 6 Temperature distribution of IGBT on simulation
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Fig. 7 Stress simulation of IGBT after soldering
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Fig. 10 Characteristics comparison between IGBTs in a power card and a conventional package
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Fig. 11 Cross sectional view of diode devices for a Power Card
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