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FIG. 9. Calculated power density variation across the AlGaN/GaN interface.

plate lengths should be kept relatively modest to minimize this trade-off with the device frequency
response.

For completeness, it may be mentioned that in practice, the dependence on the gate length can
be far more complicated. For example, most scaling rules used are often based on simple notions
such as the gradual channel approximation and constant mobility. However, non-equilibrium carrier
dynamics (including ballistic transport) can lead to drift velocity behavior that is dominated by
velocity overshoot, in the case of short gate lengths that are on the order of the electronic inelastic
mean free paths. Under such situations, the transconductance can increase with reductions in gate
length.28 Basically, at relatively larger values of the gate lengths, the response is dominated by the
gate-fringing effect. This gate-fringing is induced by a non-planar depletion layer under the gate,
with the capacitance acting less like a parallel plate capacitor and more like a circular capacitor.
However, once the gate length reduces further and becomes on the order of the inelastic mean

FIG. 10. Temperature distribution across GaN/Substrate from a thermal 3D model.
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free path of electrons, then velocity over-shoot starts to occur and dominates the response over the
gate-fringing effect. In the present situation, since the use of high-k dielectric layer would naturally
reduce the electric fields,29 the use of a long field plate to shape the potential distribution would not
be necessary. As a final comment, optimized field-plate engineering could be a potential next step
for optimizing HEMT devices,30 but is beyond the present scope.

IV. CONCLUSIONS

Calculations of electric field and potential distributions across GaN HEMTs were carried out
based on physics-based models to probe the role of internal electric fields on IPE-based degradation
and their possible mitigation. The focus was also on the possible mitigation of the IPE degradation
by reducing the internal electric fields and related elastic energy through the use of high-k materials.
The contributions to possible device failure based on both the Inverse Piezoelectric Effect (IPE) as
well as the Thermal heating were analyzed. Basic results for a simple situation compared well with
a published report. The simulations also showed the thermal effects to be negligible, and that the
main danger for device degradation would be the IPE, especially during the OFF-state of HEMT
devices. Use of a HfO2 “cap layer” above the AlGaN barrier was shown to reduce the electric fields.
In particular, the use of a mesa structure was shown to be especially effective. Simulations were also
performed to fashion even larger reductions in the internal electric fields by using “field plates” in
concert with a high-k layer The use of a gate plate with a HfO2 cap layer appears to be a very useful
strategy for mitigating device degradation and failures.
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