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Abstract : The application of discrete GaN-based power switches requires the collaboration of silicon-based peripheral circuit
structures. However, the packages and interconnection between the Si and GaN devices can introduce parasitic effects to the
circuit, which has great impacts on GaN power transistors. GaN-based monolithic power integration technology is an emerging
solution which can improve the stability of circuits and allow the GaN-based devices to achieve more functions. Complementary
logic circuits consisting of GaN-based E-mode p-channel heterostructure field-effect transistors (p-HFETs) and E-mode n-
channel HEMTs can be served as the gate drivers. E-mode p-HFETs with recessed gate have attracted increasing interest
because of the low leakage current and large gate swing. However, they suffer from a poor interface between the gate
dielectric and polarized nitride layers. The reliability of p-HFETs is analyzed and discussed in this work. In circuit applications,
the inverter is always operated with dynamic gate voltage (VGS) rather than a constant VGS. Therefore, dynamic electrical
stress has been simulated to resemble the operation conditions for E-mode p-HFETs. The dynamic electrical stress condition is
as follows. VGS is a square waveform switching from -5 V to 0 V, VDS is fixed, and the source grounded. The frequency of the
square waveform is 100kHz with the rising/falling time of 100 ns and duty ratio of 50%. The effective stress time is 1000s. A
number of stress tests are carried out. The stress was briefly interrupted to measure the linear IDS-VGS, saturation IDS-VGS,
As VGS switches from -5 V to 0 V and VDS = 0 V, devices are under negative-bias-instability (NBI) condition. Holes are trapped
at the interface of oxide layer and GaN channel layer, which results in the reduction of VTH. The negative shift of VTH is
serious at the first 10s and then changes slightly with the following stress time. However, different phenomenon is observed
when VDS reduces to -5V. VTH shifts negatively during stress condition, and the variation in VTH increases with time, which is
different from that when VDS is 0V. Two mechanisms exists in this condition. On the one hand, the electric field in the gate
region is influenced by the drain voltage, so that the trapping behavior of holes in the gate region changes. The impact of the
gate voltage is weakened. On the other hand, large drain voltage can induce the hot holes generation and lead to serious hot
carrier stress (HCS) degradation with time. The poor-quality interface between the oxide layer and GaN channel layer at the
gate region makes a major contribution to the high-density interface traps, which will greatly influence the reliability of
devices. These results emphasize that the improved etching and pretreatment processes needs to be developed so that high-
performance GaN complementary logics with enhanced stability can be achieved.
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