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Abstract  Reported measurements of the interface state density Dj at the 4H-SiC/SiO; interface and
carrier recombination in the SiC substrate are incorporated in the simulation of a 4H-SiC IGBT trench
device. Cross-sectional simulation results show two important degradation characteristics on the
conduction current; reduction of magnitude due to the shallow traps and shift of threshold voltage towards
higher gate voltages due to the deep traps. The wide bandgap of SiC and high interface defect density
magnitude of available SiC/SiOtechnology make SiC-based devices prone to degradation as compared to
typical Si technology with a dominating homogeneous shallow-type trap.

Introduction Two types of defects are known to occur during fabrication of SiC-based devices;
process-induced defects from the SiC/SiO, interface during trench formation, and structural defects which
are related to crystallographic imperfections in the SiC substrate [1, 2]. The maximum D from a reported
measurement occurred at the SiC/SiO; interface, reaching ~10%cm2eV?[3]. Conventional Si/SiO;
technology only has ~10*cm2eV1. Such a high Di for SiC creates a serious problem for device
performance and therefore, needs to be investigated. In this work, we perform a simulation-based
investigation of the threshold characteristics of the 4H-SiC IGBT trench device structure shown in Fig. 1.
The reported measured 4H-SiC/SiO, defect density is included as interface defect states in the bandgap
which are self-consistently solved in the Poisson equation [4]. The structural defects in the substrate are
included using the Auger recombination model.

Simulation including Defects and Analysis

A. 4H-SiC/SiO; Interface Defects Measurements of Dji at the interface show four distinct peaks as
illustrated in Fig. 2 [3]. In this report, we focus only on the acceptor-like traps D1 and D2 because they
act on electrons, which are the carriers in the device considered. D1 is treated as a Gaussian distribution
and D2 as an exponential tail distribution. As shown in Fig. 3, with defects, two phenomena can be
observed in the threshold IV characteristics: the magnitude of the current is decreased, and the onset of
conduction of current is shifted towards higher gate voltages Vy. These effects can be explained by the
fact that the carriers responsible for inversion are impeded by being trapped in the defects. At low V, the
deep trap D1 causes the conduction of current to shift towards higher gate voltages. At high Vg, the
shallow trap D2 changes the current magnitude. These observations are explained in the band-diagram
shown in Fig. 4. As Vg is increased, the quasi-Fermi level moves towards the conduction band thereby
encountering the shallow traps. The separation of the deep and shallow trap effects can be observed in
SiC because the defect densities are distinct and separated apart as can be seen in Fig. 2. To determine the
region where the defects become most effective, three local interface areas in the device are defined as
shown in Fig. 5. Al at the edge of the oxide reduces the magnitude of the current as depicted by the
arrows in Fig. 6. A2 at the oxide region above the channel shifts and changes the slope of the current. A3
has no significant impact. Most of the effect comes from the area under the channel where a high
concentration of carriers is present.

B. Structural Defects in the 4H-SiC substrate Structural defects in the substrate introduce recombination
sites for carriers. To consider this phenomenon, the Auger recombination model in the 4H-SiC material
with recombination constants from [5] is included in the simulation. An insignificant reduction in the
current is observed as shown in the inset figure in Fig. 7.

Discussion  Process-induced interfacial defects lead to a significant degradation of the threshold IV
characteristics of a 4H-SiC IGBT device. The wide bandgap of SiC makes the problem caused by defects
serious because distinct shallow and deep traps are present aside from a high defect density magnitude.
For Si, the defect density has a low magnitude and a rather homogeneous shallow-type trap only with no
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distinct deep traps. As such, the only visible effect for Si is a reduction in the current magnitude as shown

in Fig. 8, if the defect density magnitude is increased to a higher value.

For the SiC-IGBT device considered, the threshold voltage measured at collector current Ic = 1pAin
Fig. 3, is shifted by 5V which is due to deep traps. Therefore, measurement of the deep trap density alone

can be used to predict the amount of
Summary

threshold voltage shift.

We have investigated the effect of interfacial defects in 4H-SiC IGBT by including

measured density of interface states in the device simulation. Process-induced defects occurring at the
oxide interface are the most serious cause of threshold IV characteristics degradation.
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Fig. 1. 4H-SiC IGBT trench device structure

section, and (b) enlarged image of the channel region.
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Fig. 2. Measured density of interface states at 4H-SiC/SiO2
interface. Only acceptor-like traps D1 and D2 are considered
haranica alartrane arg the carriers in the device simulated.
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Fig. 6. Dependence of the threshold
characteristics on the local SiC/SiO2
interface areas. A2 shifts and changes the
slope of the current.
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Fig. 7. IV characteristics simulated
with and without defect in the SiC
substrate.  Insignificant decrease in
magnitude of the current is observed.
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Fig. 5.  Specified local SiC/SiO:
interface areas where the defect

densities are activated.
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Fig. 8. Effect of defect states in Si
device. Only dominating shallow trap
is considered in the simulation.



