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IGBT Module for HEV Inverters Achieving Low Loss and High Reliability by Improvement of
Heat Dissipation
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An inverter for hybrid electric vehicles (HEVs) converts the DC power generated by the batteries into AC power to drive the motor. Since such
inverters are generally installed in the vehicle's engine compartment, they must be compact while offering both high efficiency and tolerance of high
temperatures. The insulated gate bipolar transistor (IGBT) modules that serve as one of the main parts of the HEV inverter are also required to be
compact with low loss, low thermal resistance, and high reliability.

To meet these requirements, Toshiba has developed an IGBT module for HEVs featuring a newly developed mounting structure that allows double-sided
cooling of the chip inside the module. This IGBT module achieves a 60% reduction in thermal resistance and is about half the overall size of a conventional
IGBT module. We have also confirmed through simulations and tests that the new module has improved electrical properties and sufficient reliability.
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Newly developed inverter for HEVs, IGBT module, and results of temperature
simulation
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Mounting structure of conventional IGBT module
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Comparison of simulated temperature distribution on base plate of newly
developed and conventional IGBT modules
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Comparison of simulated temperature distribution on heat sink of newly
developed and conventional IGBT modules
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Comparison of transient thermal resistance of newly developed and con-
ventional IGBT modules
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Improvement of electrical performance of newly developed IGBT module
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Result of simulation of mutual induction current on base plate
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Relationship between thermal conductivity and breakdown voltage of
epoxy resin sheet
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Image of solders after 2,500 temperature cycles obtained by ultrasonic testing
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