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Abstract. SiC MOSFETs still suffer from some open issues, such as the high density of defects 
existing at the SiC/SiO2 interface. Traps distribution at such interface is complex and it affects the 
overall performance of the device. Traps influence both current-voltage (I-V) and capacitance-voltage 
(C-V) characteristics of a SiC MOSFET. In this work, we study the relation of Gate capacitance with 
biased Drain and transconductance with the aim of investigating the channel properties. The analysis 
is performed using both experimental setup and numerical framework. Experimental and numerical 
results both exhibit a sharp capacitance peak in the inversion region at a voltage where 
transconductance reaches its maximum. 

Introduction 
SiC MOSFETs are gradually replacing their Si counterparts in various applications, thanks to their 

higher performance. Besides being a wide bandgap material, SiC also exhibits a higher thermal 
conductivity [1], supplanting Si in power industry. Although SiC technology has experienced huge 
progress in last decades, there are some open challenges that have to be addressed. Among them the 
high defect density at SiC/SiO2 interface is a crucial feature that has to be investigated since it can 
negatively influence important parameters, such as threshold voltage instability [2], channel mobility 
[3] and leakage current, affecting the performance of the overall device. Interface traps influence both 
current-voltage (I-V) and capacitance-voltage (C-V) characteristics of a SiC MOSFET. Due to the 
importance of SiC/SiO2 interface defect density [4], several techniques have been investigated to 
characterize such interface. Among these, the most used methods are based on the measurement of 
impedance, and more in detail capacitance varying with voltage. These techniques are extensively 
employed across a wide spectrum of applications, including semiconductor devices and solar cells 
[5]-[13], as well as batteries [14]. The method is non-destructive and it enables a rapid 
characterization process. In the literature, most investigations on power devices have focused on MOS 
structures, where the low–high frequency capacitance technique can be applied [15]-[19]. In such 
structures, the capacitance response strongly depends on the applied frequency [20], and this 
dependence provides valuable insight into the nature of defects and traps within the device under test. 
Specifically, the inversion charge can follow the applied excitation only at sufficiently low 
frequencies, due to the limited thermal generation of carriers in the depletion region. Consequently, 
in the inversion regime, the capacitance behavior is primarily governed by the inability of the 
inversion charge to respond to high-frequency signals. However, this condition is strictly valid for 
MOS capacitors. 

In MOSFETs, the situation differs because, in the inversion region, the channel is replenished with 
carriers from the Source and Drain. As a result, the capacitance in inversion does not exhibit 
significant variation between low and high frequency, rendering the low–high frequency method 
unsuitable for these devices [21]. Therefore, it becomes essential to conduct a precise analysis of the 
capacitance associated with MOSFETs. This can be achieved using numerical frameworks capable 
of characterizing the SiC/SiO2 interface properties [22]-[26]. Capacitance measurements are typically 
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performed at the Gate terminal, with the Drain connected and the Source terminal tied to reference 
[27]-[29]. 

In our previous works [25], [30]-[33], we explored non-standard C–V measurement approaches 
on commercially available planar SiC MOSFETs. In those studies, experimental data were obtained 
by applying a small-signal AC excitation at the Gate while maintaining a fixed DC bias at the Drain, 
with the Source grounded. The resulting capacitance revealed an anomalous peak in the inversion 
region, attributable to both the interface properties and the channel region. 

In this work, we investigate the correlation between the capacitance peak observed in the non-
classical C-V characteristics and the transconductance behavior of SiC MOSFETs. To this end, the 
C-V curves are analyzed under the described measurement configuration, while the derivative of the 
ID-VGS characteristics is evaluated to extract the device transconductance. The experimental findings 
are confirmed by numerical results obtained using the Sentaurus TCAD environment. The remainder 
of the paper is organized as follows: the experimental setup is described in the next section, while the 
TCAD numerical setup is discussed in a separate section. Finally, the main conclusions are 
summarized in the last section. 

Experimental Analysis 
Experimental results are obtained on two different 1.2 kV planar SiC MOSFETs commercially 
available using the setup shown in Fig. 1i. The presented curves are obtained by measuring the 
capacitance arising between Gate and Source terminals, while a DC bias is applied to Drain terminal, 
VDS. The excitation consisted of a DC sweep from –10 V to +10 V with a superimposed small-signal 
AC component (Fig. 1ii) applied to the Gate of the device under test. A fixed DC bias (Fig. 1iii) was 
applied to the Drain, while the Source was grounded. The measured Gate capacitance with the Drain 
biased at fixed positive values is reported as a red line in Fig. 2 for the first device considered. The 
capacitance exhibits the classical behavior in accumulation and depletion. Conversely, in the 
inversion region, when VDS≠0 V, a sharp peak emerges. Capacitance obtained on the other device 
under test is reported in Fig.3 in red. In this plot, there a several capacitance curves obtained with 
increasing VDS. These curves exhibit the same behavior found in Fig. 2. In the inversion region, 
capacitance shows an unexpected peak whose amplitude increases with higher VDS. In previous 
studies, the peak profile was attributed to traps located in the channel region beneath the SiC/SiO₂ 
interface [22]. Since interface traps in the channel affect this region physical properties, they have 
considerable impact on ID-VGS characteristics. Hence for the devices under test, we also measured the 
transfer characteristics, with the aim of investigating the relation between the capacitance peak and 
the transconductance behavior. The derivative of the ID-VGS characteristics, i.e. the transconductance, 
for both the device under tests are reported in Fig. 2 and Fig. 3 as blue curves. Experiments show that 
the derivative of ID-VGS characteristics, obtained for the same VDS imposed in the C-V measurements, 
shows a maximum at the same voltage where the capacitance peak occurs, for both studied devices. 

 
Fig. 1. i) Experimental setup; ii) applied Gate voltage; iii) applied Drain voltage. 
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Fig. 2. Experimental C-V curves obtained from 
a commercial device, 1.2 kV SiC MOSFET, 
with positive VDS (red line, left y-axis) and 
corresponding transconductance (blue line, 
right y-axis). 

 

Fig. 3. Experimental C-V curves obtained from 
a commercial device, 1.2 kV SiC MOSFET, with 
positive VDS (red lines, left y-axis) and 
corresponding transconductance (blue lines, 
right y-axis). 

Numerical Analysis 
The consistency of the experimental findings was further investigated through numerical simulations 
carried out within the Synopsys Sentaurus TCAD framework. The simulated device structure is 
depicted in Fig. 4, where the geometrical layout and material parameters were carefully defined to 
reproduce the actual device under test. In particular, the channel region was modeled by incorporating 
reduced carrier mobility and defect-related effects, thus reflecting the physical non-idealities typically 
observed in this region. To investigate the capacitive response, an AC small-signal analysis was 
performed under various biasing conditions, with a DC potential applied to the Drain terminal while 
the Gate voltage was swept across the operating range. This approach enabled the extraction of 
capacitance characteristics, which are strongly influenced by the transport properties of the channel. 
The resulting C-V curves are reported in Fig. 5 as red traces for different channel doping values. The 
numerical current-voltage curves were also obtained in the same circumstances. The obtained 
derivative of the numerical ID-VGS characteristics is also shown in Fig. 5 in blue. Observing curves 
in Fig. 5, it is possible to see that the capacitance and transconductance peaks occur at the same 
voltage. These results demonstrate excellent agreement with the experimental measurements. In 
particular, the capacitance peak (blue traces), obtained for different sets of channel parameters, 
appears at the same bias voltage at which the corresponding transconductance (red traces) exhibits its 
maximum value. Simulation findings indicate that the CGS peak coincides with the gm maximum in 
terms of both peak value and corresponding voltage, revealing a strong relation of both parameters in 
accordance with [34]. 
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Fig. 4. Sketch of the TCAD structure. 
The structure is not to scale. 
 

 
Fig. 5. Numerical C-V curves obtained with a positive VDS 
(red curves, left y-axis) and corresponding 
transconductance (blue lines, right y-axis) from structure 
of Fig. 4.  

Conclusion 
In this work, we performed non-classical C-V measurements on commercially available planar SiC 
MOSFETs. Experimental results were obtained by measuring the capacitance arising between Gate 
and Source terminals, while a fixed DC bias is applied to Drain terminal. The capacitance measured 
in this configuration showed a non-negligible peak. The arising peak appeared more prominent as the 
applied Drain voltage increases and its shape is related to the traps in the channel region under the 
SiC/SiO2 interface. Since interface traps in the channel affect this region physical properties, they 
have considerable impact on ID-VGS characteristics. Hence for the devices under test, transfer 
characteristics were also measured, with the aim of investigating the relation between the capacitance 
peak and the transconductance behavior. Experiments showed that the derivative of ID-VGS 
characteristics, obtained for the same VDS imposed in the C-V measurements, exhibits a maximum at 
the same voltage where the capacitance peak occurs, for both studied devices. In order to better 
understand experimental outcomes, a numerical analysis was performed in Sentaurus TCAD 
environment. Numerical curves presented exhibited the same experimental behavior: the capacitance 
peak obtained for different channel properties occurs at the same voltage where the transconductance 
reaches its maximum. This correlation highlights the direct link between the channel transport 
properties and the observed capacitance behavior, confirming that the adopted characterization 
technique is directly related to transconductance and it could be able to give information about 
channel properties. 
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