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Simulation of proton radiation effect in HEMT devices
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Abstract: GaN High-Electron-Mobility Transistors(HEMTSs) devices bear the characteristics of high
frequency resistance, high temperature resistance, high power and radiation resistance, which have broad
application prospects in radiation environments such as nuclear reactors, cosmic detection and other
radiation environments. Therefore, Stopping and Range of Ions in Matter(SRIM) is employed to simulate the
effect of 1.8 MeV proton radiation on the conventional depletion device with different AlGaN barriers, and to
observe the change law of vacancy density with depth. Under the optimal AlGaN barrier thickness, the MIS—
HEMT devices of five different gate oxygen layer materials are simulated and compared. It is found that the
material of Aluminum Nitride(AIN) gate oxygen layer bears relatively good radiation resistance.
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HEMT; proton radiation simulation
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Fig.1 Projection range in GaN under different proton energies
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Fig.3 Maximum energy transferred from incident protons with
different energies to Al, Ga and N atoms
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Fig.6 Variation of vacancy density in each layer with depth after radiation
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Tablel Total vacancy density in barrier layer and buffer layer under different oxide layers(unit: cm *)

oxide layer  vacancy density in oxide layer vacancy density in AIGaN layer near the channel ~ vacancy density in GaN layer near the channel total vacancy density
none - 1.640x10" 3.050x10" 1.945x10"
SiO, 1.475x10" 1.435x10" 2.000x10" 1.635x10"
ALO, 1.328x10" 1.750x10" 1.000x10™ 1.850x10"
Si;N, 1.723x10" 1.575x10" 1.700x10™ 1.745x10"
HfO, 2.205x10" 2.025x10" 4.700x10" 2.495x10"
AIN 1.080x10" 1.175x10" 5.000x10" 1.225x10"
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