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Surface Potential Based E-mode p-GaN HEMT Device Model
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Abstract: To meet the requirements for the power circuit and system design for enhancement-mode p-GaN HEMT
(High Electron Mobility Transistor) device SPICE(Simulation Program with Integrated Circuit Emphasis) models, a mod-
el of enhancement-mode p-GaN HEMT device based on the surface potential calculation method is proposed in the pa-
per. According to the comparison between the structures of the depletion-mode GaN HEMT device and the enhancement-
mode p-GaN HEMT device, analytical formulas for the voltage of the p-GaN gate structure are derived. Considering the
doping effect of p-GaN gate and physical mechanism, analytical formulas for the gate current and gate capacitance are
derived. At the same time, combined with the ASM(Advanced SPICE Model) core, a complete SPICE model of enhance-
ment-mode p-GaN HEMT power device is established. The established SPICE model is compared and verified with the
measured results. The results show that the proposed model accurately realizes the electrical characteristics of p-GaN
HEMT device including transfer characteristics, output characteristics, gate capacitance, and gate current. The simulation
data of the model fits the measured data of the actual enhancement-mode p-GaN HEMT device well, and the fitting er-
rors of the model simulation data and the measured data are less than 5%. The enhancement-mode p-GaN HEMT device
model proposed in the paper, which is based on the perfect ASM-HEMT and considers the doping effect of p-GaN layer
and physical mechanism of p-GaN gate structure, has important application value in circuit design.
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