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TOPIC:

III-Nitride HEMTs and MIS-HEMTs — A Study on Gate Leakage and Threshold Voltage Shift

ABSTRACT:

GaN-based High Electron Mobility Transistors (HEMTs) have emerged as an attractive choice for high
power RF applications. However, despite extensive research over the last two decades, the gate leakage
mechanisms and the ways to suppress the same in these devices is still not well understood. In this talk,
a detailed analysis of the leakage mechanisms in both AlGaN/GaN and AlInN/GaN HEMTs over a wide
range of temperature and bias along with a comprehensive model to describe the gate leakage
mechanism will be presented.

To reduce the gate leakage in HEMTSs, a dielectric layer is used over the gate resulting in MIS-HEMT
structure. It is also predicted that a positive shift in threshold voltage (V) is possible if a charge free
dielectric is deposited on AIN/GaN HEMT and a normally off device may be achieved if the dielectric
thickness is sufficiently large. However, a large positive fixed oxide charge (Qf) has generally been
reported for Atomic Layer Deposited (ALD)-Al,O5/III-N interface, resulting in a large negative shift of V.
Interestingly, in our ongoing work on AlInN/GaN MIS-HEMTSs using Reactive-Ion-Sputtered (RIS) Al,O5 as
gate insulator, a positive shift in V, is observed. These devices also exhibit low I, low C-V hysteresis and
high extrinsic transconductance (g.,) demonstrating the suitability of RIS Al,O3 as gate dielectric. These
aspects will also be presented in the talk.
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