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Motivation

e GaN Field-Effect Transistors (FETs) promising for high-voltage
power applications

 Many challenges before transistors ready for deployment:
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Motivation

e GaN Field-Effect Transistors (FETs) promising for high-voltage
power applications

 Many challenges before transistors ready for deployment:

Oxide reliability



Time-Dependent Dielectric Breakdown

e High gate bias - defect generation - catastrophic oxide
breakdown

e Often dictates lifetime of chip

Typical TDDB experiments: Gate material melted after
Si high-k MOSFETs , breakdown
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Challenges to study TDDB in GaN FETs

GaN cap

* AlGaN/GaN metal-insulator-
semiconductor high electron | | _AéN |
mobility transistors (MIS-HEMTSs)

e Gate stack has multiple layers &
interfaces

— Uncertain electric field - 3s]
distribution = 30
% 25

> Many trapping sites 9 ol
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e Complex dynamics involved
—> Unstable and fast changing V;
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TDDB Experiments:
Current-Voltage



GaN MIS-HEMTs for TDDB study

GaN MIS-HEMTs from industry collaboration: depletion-mode

GaN cap Dielectric

Metal
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Classic TDDB Experiment

Constant gate voltage stress experiment:
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e Experiment gives time to breakdown and shows
generation of stress-induced leakage current (SILC)

e Little other insight gained from measurement



Visualizing TDDB Statistics

TDDB uniqueness: Weibull distribution of time to breakdown
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TDDB with Periodic Characterization

Pause TDDB stress and sweep transfer characteristics at V=0.1 V
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 Large V; shift & trapping in oxide or AlGaN

* Immediate S degradation - interface state generation early in
experiment
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Validity of Characterization Approach

Compare statistics for standard and interrupted schemes
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Same statistics for both schemes = characterization is benign
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Step-Stress TDDB

e Step-stress to examine early stages of degradation
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Step-Stress TDDB

Transfer characteristics during Step-Stress TDDB
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TDDB Experiments:
Capacitance-Voltage



C-V Characterization
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* At V..>1V, conduction band of GaN cap starts being
populated
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C-V Characterization
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TDDB

Cec Vs. stress time in 5 devices at 5 different frequencies:
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Step-Stress TDDB

Cec changes
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Conclusions

* Developed methodology to study TDDB in GaN MIS-
HEMTs

e TDDB behavior consistent with Si MOSFETSs:
— Weibull distribution
— SILC before breakdown

* For moderate gate voltage stress:
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Conclusions

e Developed methodology to study TDDB in GaN MIS-
HEMTs

e TDDB behavior consistent with Si MOSFETSs:
— Weibull distribution
— SILC before breakdown

e For moderate gate voltage stress:

~AVr>0 :I Consistent with electron trapping
SN
* Beyond critical value of V,...:
- AV;<0 '] Onset of trap generation
— Sudden AS I in oxide/at MOS
— Capacitance frequency dispersion 1 _| interface
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