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Abstract 

SiC-MOSFETs have been remarkably developed in 

recent years, and the main remaining issue is reliability 

such as high temperature stability and gate oxide integ-

rity. In this presentation, we report some special fea-

tures observed in I-V characteristics of commercially 

available SiC-MOSFETs during high voltage and tem-

perature stress. Interface states around conduction 

band edge and hole-trapping and near-interfacial elec-

tron-trapping are suggested to be the key mechanisms 

in stress degradation when compared with the conven-

tional Si-MOSFETs. In particular, a continuous Ig in-

crease in MOS structure during stress is found for the 

first time. 

 

1. Introduction 

SiC-MOSFETs have attracted great attention as a key 

device for future power electronics. Serious mobility prob-

lem has been cleared by novel NO-process technique to 

eliminate interface states drastically. However, reliability 

issues such as high temperature stability and gate oxide 

integrity are still important research subjects, in particular 

for automotive use and from fundamental points of view. 

In this presentation, some special features of stress 

degradation of SiC-MOSFETs are presented when com-

pared with Si-MOSFETs. First, instability in linear Ids-Vgs 

characteristics by positive and negative bias temperature 

stress (PBTI and NBTI [1][2]) are examined. Second, 

changes in Ig-Vgs and Ids-Vgs characteristics by Fowler 

-Nordheim stress are discussed where a continuous Ig in-

crease phenomena during stress is found for the first time. 

2. Experimental 

 Commercially available 3-terminal SiC-MOSFETs and 

Si-MOSFETs are measured and heavily stressed (far be-

yond practical use conditions) by Keysight B2902A source 

measure unit and 200°C-resistant triaxial cables in 

high-temperature chamber (ESPEC STH-120). Kelvin 

connection to source and drain terminal is necessary to 

eliminate parasitic resistance. In the measurement of Ids-Vgs 

characteristics, we use low Vds voltage (0.05 V) to monitor 

the impact of interface states and oxide-trapped charge. In 

FN stress experiments, Ig-Vgs characteristics were measured 

at the same time.  

3. Results and Discussion 

Degradation in Ids-Vgs Characteristics by PBT and NBT 

Stress 

 In Fig. 1, change in linear Ids-Vgs characteristics is 

shown during PBT stress. It is mainly positive △Vth-shift,  

which suggests electron-trapping in the oxide. Clear recov-

ery phenomena [2] by negative Vgs sweep were also con-

firmed. 

In contrast, as shown in Fig. 2, linear Ids-Vgs charac-

teristics after NBT stressing are more stretched [1]. Col-

lapse of shoulders in log(Ids)-Vgs characteristics is remarka-

ble as well as negative △Vth-shift. This collapse corre-

sponds to gradual rise of Ids around Vth in Ids-Vgs character-

istics. 

 
Fig. 1 Linear Ids-Vgs characteristics (sweep:0-25V) of 

SiC-MOSFET during PBT stress (35V, 175℃).  

 
Fig. 2 Linear Ids-Vgs characteristics (sweep:-10-25V) of 

SiC-MOSFET during NBT Stress (-25V, 175℃).  

These behaviors can be attributed to the impact of in-

terface states on surface potential ψs(∝log(Ids)) and carrier 

density Qn. In Fig. 3, its impact is calculated analytically on 

the basis of the solution of Poisson equation for MOS ca-

pacitor [3].  

 
Fig. 3 Analytical calculation of impact of interface states Qit  

on surface potential ψs and surface charge Qs (=Qd+Qn).  

ψs(Vgs) and Qs(Vgs) can be derived from these equations. 
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Fig. 4 Calculated results showing the impact of interface states Qit 

on surface potential ψs(∝log(Ids)) and surface charge Qs(=Qd+Qn). 

 

As shown in Fig. 4, the gradual increase in ψs and Qs 

was derived when assuming the existence of interface state 

density Dit around conduction-band edge, which can ex-

plain the collapse of shoulder in log(Ids)-Vgs curve and the 

gradual rise of Ids around Vth, respectively. 

Degradation in Ids-Vgs and Ig-Vgs Characteristics by FN 

Stress 

In Fig. 5, Ig-Vgs and Ids-Vgs characteristics of 

Si-MOSFETs during FN stressing are shown. Well-known 

hole-trapping (ΔVth<0, ΔIg>0) and successive elec-

tron-trapping (ΔVth>0, ΔIg<0) and Qit formation (increase 

in subthreshold slope) [4] were confirmed from both char-

acteristics.  

In contrast, SiC-MOSFETs show totally different be-

havior. Continuous hole-trapping as well as Qit formation 

are suggested from Ig-Vgs and Ids-Vgs characteristics, re-

spectively (Fig. 6). Stress-time dependence of the gate cur-

rent shown in Fig. 7 clearly shows the remarkable differ-

ence in Si and SiC-MOSFETs. 

 

 
Fig. 5 Linear Ids-Vgs and Ig-Vgs characteristics (sweep:0-80 V) of 

Si-MOSFET during FN stress (100V, RT).  

 
Fig. 6 Linear Ids-Vgs and Ig-Vgs characteristics (sweep:0-30 V) of 

SiC-MOSFET during FN stress (50V, 150℃). 

 
Fig. 7 Stress-time dependence of the gate current in Si and 

SiC-MOSFETs. Continuous Ig increase was observed in 

SiC-MOSFETs just before breakdown. 

 

By negative Vgs sweep during FN stressing, large nega-

tive Vth shift suggesting electron detrapping (Fig. 8 (a)) and 

no remarkable difference in Ig were observed. This easy 

detrapping nature and little impact on Ig suggested that 

these negative charges are located near the SiO2/SiC inter-

face (Fig. 8 (b)). It is shown that interface states have little 

impact on Ig in Si-MOSFETs with 15 nm thick oxide [5]. 

 
Fig. 8 (a) Negative Vth shift by negative Vgs sweep meaning elec-

tron-detrapping. It should be noted that final ΔVth<0 means 

trapped holes remain. (b) An illustration of charge trapping in the 

oxide. Near-interfacial electron can detrap easily and little impact 

on FN tunneling.  

 

4. Conclusions 

We observed some special features in stress degradation 

of SiC-MOSFETs when compared with Si-MOSFETs. One 

is Ids-Vgs characteristics after NBT and FN stressing, which 

can be attributed to interface states around Ec. The other is 

continuous Ig increase by FN stress, which means dominant 

hole-trapping in the oxide. In addition, near-interfacial 

electron-trapping (and detrapping) [1, 2] were also con-

firmed by PBT and FN stress experiments. 
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