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Fig. 1. Schematic of N-polar GaN/InAIN HEMT structure.
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Fig. 2. (a) Output characteristics, (b) transfer characterist-

ics, and (c) transconductance curves of N-polar GaN/In-
AIN HEMTs with different GaN channel thicknesses.
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Fig. 3. (a) Conduction-band energy diagram and (b) elec-
tron distribution in N-polar GaN/InAIN HEMTs with dif-

ferent GaN channel thicknesses.
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Fig. 4. (a) Output characteristics, (b) transfer characterist-

ics, and (c) transconductance curves of N-polar GaN/In-
AIN HEMTs with different InAIN back barrier thicknesses.
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Fig. 5. (a) Conduction-band energy diagram and (b) elec-
tron distribution in N-polar GaN/InAIN HEMTs with dif-
ferent InAIN back barrier thicknesses. The inset in panel
(a) is the partial enlarged conduction-band energy of the

rectangular quantum well.
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Abstract

Based on the drift-diffusion transport model, Fermi-Dirac statistics and Shockley-Read-Hall recombination
model, the effect of the structure parameters on the performance of N-polar GaN/InAIN high electron mobility
transistor is investigated by self-consistently solving the Schrodinger equation, Poisson equation and carrier
continuity equation. The results indicate that the saturation current density of the device increases and the
threshold voltage shifts negatively with GaN channel thickness increasing from 5 nm to 15 nm and InAIN back
barrier thickness increasing from 10 nm to 40 nm. The maximum transconductance decreases with GaN channel
thickness increasing or InAIN back barrier thickness decreasing. The change trends of the various performance
parameters become slow gradually with the increase of the thickness of the GaN channel layer and InAIN back
barrier layer. When the GaN channel thickness is beyond 15 nm or the InAIN back barrier thickness is more
than 40 nm, the saturation current, the threshold voltage and the maximum transconductance tend to be
stable. The influence of the structure parameter on the device performance can be mainly attributed to the
dependence of the built-in electric field, energy band structure and the two-dimensional electron gas (2DEG) on
the thickness of the GaN channel layer and InAIN back barrier layer. The main physical mechanism is
explained as follows. As the GaN channel thickness increases from 5 nm to 15 nm, the bending of the energy
band in the GaN channel layer is mitigated, which means that the total built-in electric field in this layer
decreases. However, the potential energy drop across this GaN channel layer increases, resulting in the fact that
the quantum well at the GaN/InAIN interface becomes deeper. So the 2DEG density increases with GaN
channel thickness increasing. Furthermore, the saturation current density of the device increases and the
threshold voltage shifts negatively. Moreover, due to the larger distance between the gate and the 2DEG
channel, the capability of the gate control of the high electron mobility transistor decreases. Similarly, the depth
of the GaN/InAIN quantum well increases with InAIN back barrier thickness increasing from 10 nm to 40 nm,
which results in the increase of the 2DEG concentration. Meanwhile, the electron confinement in the quantum
well is enhanced. Therefore the device saturation current and the maximum transconductance increase with

InAIN back barrier thickness increasing.

Keywords: N-polar GaN/InAIN, high electron mobility transistor, structure parameter, electrical performance
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