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Abstract. In this paper, SiC MOSFETs capacitance is monitored when a DC bias is applied between 
Drain and Source. The arising capacitance exhibits a sharp peak in the inversion region which is 
related to the SiC/SiO2 interface traps properties. Temperature effects on such peak are investigated 
using both experimental and numerical results. The peak shifts toward lower Gate voltage as 
temperature increases, in agreement with the threshold voltage reduction at higher temperature. 

Introduction 
Silicon Carbide (SiC) MOSFETs are replacing Silicon (Si) IGBTs, due to the excellent properties 

of SiC, such as high thermal conductivity and high bandgap [1]. Although this technology 
experienced noticeable progress in last years, some challenges are still open. Among these, high 
density defects at the SiC/SiO2 interface can impact the overall performance of the device [2], causing 
detrimental effects on threshold voltage stability [3], channel mobility [4] and leakage current 
amplitude. Given the importance of characterizing such interface, several techniques have been used 
to investigate defects properties related to this region. These techniques would preferably be non-
destructive and low time consuming. Most methods exploit the information arising from capacitance 
measured at high and low frequency [5]. Although widely used for MOS structures, this method 
cannot be employed for MOSFET structures. This can be explained by considering that in the 
inversion region the C-V curve obtained from a MOS change accordingly to the frequency 
considered, since the inversion charge can follow the AC variation only for low frequencies due to 
the very low thermal carrier generation rate in the depletion region. On the other side, in a MOSFET 
structure, the channel is full of carriers coming from the Source and Drain regions. This means that 
the C-V curve in the inversion region does not differ at high and low frequency [6]. Thus, 
experimental C-V curves should be supported by numerical analysis in order to characterize the 
mentioned interface in the case of MOSFET structures [7]-[11]. Gate capacitance measurements are 
conventionally performed by connecting Drain and Source terminals [12]-[14], while the input signal 
is applied to Gate terminal. 

In this work, we perform non-classical C-V measurements with positive biased Drain. The 
experimental part is performed on commercially available planar SiC MOSFETs, showing an 
unexpected sharp peak arising in the Gate capacitance in the inversion region. To further investigate 
the arising capacitance an experimental temperature analysis is also performed. The experimental 
results are confirmed by numerical model obtained in Sentaurus TCAD environment. Temperature 
analysis show that the Gate capacitance peak arising in both experimental and numerical results shifts 
toward lower voltage as temperature increases. 

Results 
Experimental setup and results. The experimental data are obtained using the setup of Fig.1a, the 
capacitance is measured between Gate and Source terminals, while a DC bias is applied to Drain 
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terminal, VDS. The applied Gate voltage, VGS, ranges from -10 V to 10 V, while the superimposed 
AC small signal has an amplitude of 100 mV and the frequency is set to 100 kHz, Fig.1b. The applied 
VDS is swept from 0.2 V to 0.8 V in steps of 0.1 V, Fig.1c. The obtained capacitance curves are shown 
in Fig.2. The capacitance behavior obtained in this configuration is similar to the one obtained with 
conventional C-V method in the accumulation and depletion region, while a substantial difference is 
observed in the inversion region. As shown in Fig.2, the obtained capacitance curves exhibit a non-
negligible peak centered at a voltage close to the threshold voltage. This peak is more prominent as 
the applied Drain voltage increases.  
 

 
a)                                                                  b)                                         c) 

Fig. 1. a) Experimental setup used; b) Gate Voltage and c) Drain voltage applied during measurements. 

 
Fig. 2. Experimental C-V curves obtained from a commercial device (C2M0160120D) with VDS varying. 

 
In previous work, we related this peak shape to traps in the channel region [11] and a complex electric 
field/free charges dynamics is assumed to be responsible for this phenomenon. In order to gain a 
better understanding of the trap distribution and its effects on Gate capacitance, a temperature study 
is performed on the DUT. Temperature is a key parameter in interface traps characterization, since 
traps occupation is sensitive to temperature variation. Thus, the number of occupied traps is a function 
of temperature and traps concentration may change as temperature varies. This phenomenon is more 
evident if traps are located near the Conduction or Valence Band edges. To this aim, experimental C-
V curves with positive biased Drain have been performed at different temperature values. In Fig.3, 
experimental results obtained from a commercial device measured at 300 K, 375 K and 425 K are 
shown. It can be observed that the capacitance peak shifts towards lower voltage values as 
temperature increases. This results is in agreement with the shift of threshold voltage to lower values 
at higher temperature. Measurements presented in  Fig. 4 have been performed on a different device 
with temperature varying from 300 K to 450 K in steps of 10 K. The same trend arises also from this 
set of measurements, confirming the previous outcome. 
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Fig. 3. Experimental C-V curves obtained at different temperature values, with a VDS = 0.1 V 

 

 
Fig. 4. Experimental C-V curves obtained at different temperature values, with a VDS = 0.2 V 

 
Numerical setup and results. A numerical framework is built in Sentaurus TCAD to carefully 
replicate the experimental setup. The structure simulated is presented in Fig. 5 and an AC small signal 
analysis is performed in order to obtain the capacitance behavior [7]. In the numerical framework it 
is possible to accurately describe the traps distribution in the structure. Capacitance behavior is 
strongly affected by traps and their complex distribution at channel interface firmly influences the 
threshold voltage of the overall device. This situation is even more complex when the temperature of 
the device changes. There are several temperature dependent parameters, among them it is worth to 
mention the strong temperature dependence of traps electron emission rate, which causes in some 
cases, such as short circuit [15], a critical threshold voltage variation. Thus, a great attention must be 
paid to the modelling of interface traps. In this work, trap distribution at SiC/SiO2 interface is 
described with a square distribution of width 2ETW and centered at ETC, Fig. 6. The distribution is 
considered uniform along all the SiC/SiO2 interface [16], since no calibration is performed on 
experimental data. Traps and charges existing in a SiC MOSFETs are of several types, but they can 
be mainly grouped into: traps located in the oxide layer and traps located at the SiC/SiO2 interface. 
In the oxide layer there are fixed charges and movable ions, while near the interface there are plenty 
of trapped charges. Traps and defects occupy various energy levels and positions in the structure. 
Hence at high temperature they differently affect capacitance curves. For example, the mobile ionic 
charge has a large activation energy and at low temperature it does not significantly affect the device 
behavior. In this paper, we investigate the effects of fixed charge and interface traps on the C-V curves 
when a positive bias is applied to Drain terminal at different temperature values. Traps parameters 
chosen for each numerical result are described in the caption of the figures. All numerical results have 
been carried out by adopting the Arora model for mobility [17] and the Scharfetter model [18] for 
lifetime, while the specific SiC parameters have been chosen according to previous work [15]. In 
order to accurately describe temperature effects, several temperature dependent models have been 
considered in the numerical analysis. More in detail, the temperature dependance of the bandgap and 
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of the generation-recombination processes has been taken into account, as well as the bandgap 
narrowing phenomenon. 
 

 
Fig. 5. Structure built in Sentaurus TCAD. The structure is not to scale. 

 

 
Fig. 6. Band diagram of the TCAD structure. 

 
Numerical curves are obtained when a voltage VDS = 1 V is applied between Drain and Source, Fig. 
7. In this figure, the curves are carried out at different temperature values, chosen accordingly to the 
experimental case considered in Fig. 3. It is possible to notice that the numerical capacitance exhibits 
a sharp peak in the inversion region, while the behavior in the accumulation and depletion region 
agrees to the classic capacitance behavior obtained when no bias is applied between Drain and Source. 
It is evident that the peak shifts towards lower Gate voltage as the temperature increases. This result 
confirms the behavior found in the experimental data. Moreover, this result agrees with the threshold 
voltage reduction with increasing temperature. 
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Fig. 7. Numerical C-V curves obtained at different temperature values, from structure of Fig.4. The following 
interface traps properties have been assigned in the channel region: CFIX = 1·10 13 cm -3, CTraps = 5·10 12 cm -3, 
VDS = 1 V. Traps considered in this study are acceptors. 

Conclusions 
In this work, a non-conventional capacitance measurement method is performed by applying a DC 
bias between Drain and Source during the sweep of the Gate voltage. The resulting capacitance differs 
from classic C-V curve, exhibiting an unexpected sharp peak in the inversion region. The peak is 
related to the interface trap distribution and its properties can be related to interface quality. The 
temperature effects on the mentioned C-V curves are considered. It is found that the capacitance peak 
moves toward lower Gate voltage as the temperature increases. A TCAD model has been developed 
and the numerical results obtained using the same temperature values are in agreement with 
experimental findings. The shift of the peak toward lower voltage with increasing temperature 
coincides with the lowering of the threshold voltage with temperature. 
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