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Simulation Technology for Evaluation of Current Collapse in GaN Power Devices
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Due to the superior electrical characteristics of gallium nitride (GaN) power devices compared with those of currently available silicon (Si) devices,
demand has been growing for the early application of GaN power devices to power conversion equipment. However, the development of GaN power
devices with the desired performance is hindered by technical issues associated with increased on-resistance as a result of current collapse caused
by crystal defects and interface traps in these devices. In this situation, there is a need for simulation technologies that can predict on-resistance
degradation over time as well as the basic transistor characteristics in the design phase.

Toshiba has developed a simulation technology to precisely and quantitatively evaluate the on-resistance degradation of GaN power devices by
modeling crystal defects and interface traps in a device, which vary according to the manufacturing process, based on measured results using a test
element group (TEG) pattern with the same device structure. This technology makes it possible to detect the degradation of device characteristics
and failure earlier and with greater certainty, thereby shortening the device development period.
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Comparison of measured and simulated capacitance-voltage characteristics
and extracted trap density distribution at silicon nitride/aluminum gallium
nitride (SiN/AlGaN) interface
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Stress voltage waveforms used for current collapse simulation
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Results of simulation of current-voltage characteristics before and after
stress voltage application
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Results of simulation of free electron density distribution along channel
before and after stress voltage application
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Results of simulation of negative charge distribution at SiN/AlGaN interface
and in GaN and buffer layers before and after stress voltage application
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