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Abstract. The effect of bulk potential engineering on the transport properties in the channel of SiC 

MOSFETs has been studied. For this purpose, n-channel SiC MOSFETs have been manufactured 

with different background doping concentrations and characterized electrically at room temperature 

by current-voltage as well as by Hall-effect measurements. To interpret the measurements 

performed, numerical simulations have been carried out using Sentaurus Device of Synopsys. The 

main finding of the simulation analysis is that the change in the depth of the band-bending has to be 

considered to explain the doping dependence of SiC MOSFET characteristics. 

Introduction 

Because of its unique physical and electronic properties, silicon carbide has become a promising 

material for the development of field-effect transistors for high-power electronics. However, due to 

the low drain current and mobility in the channel, the commercial use of SiC-based MOSFETs is 

still limited. Their low performance is mainly explained by the high density of charged traps at the 

SiO2/SiC interface which results in strong Coulomb scattering. To increase the channel mobility, 

the impact of Coulomb scattering at the charged interface traps has to be reduced. Currently, the 

main strategy for a reduction of the aforementioned scattering mechanism is based on 

methodologies for the passivation of the interface traps. However, it is important to note that the 

intensity of Coulomb scattering doesn’t depend on the amount of traps by itself but on the amount 

of traps which are occupied and charged. The lower the amount of the charged interface traps, the 

lower the intensity of Coulomb scattering and the higher the channel mobility. In addition to the 

passivation methodologies, the amount of charged interface traps which affect the performance of 

MOSFETs can be controlled by changing the background doping concentration NA. A change in the 

background doping concentration corresponds to a change in the bulk potential 𝜙B. By changing the 

bulk potential and, as a consequence, the band-bending required to invert the MOSFET channel, the 

occupation of the traps located at the interface also changes. Along that line, it has been suggested 

that a reduction of the background doping concentration leads to a reduction of the density of 

charged interface traps and with them of Coulomb scattering [1, 2]. The reduced density of charged 

interface traps was then taken as an explanation for the mobility increase in lateral SiC MOSFETs 

found experimentally. However, it was found in the current work that an explanation of the 

increased channel mobility requires a broader view of the effects associated with a decreasing NA.   

Experiments 

To study the effect of bulk potential engineering, lateral n-channel 4H-SiC MOSFETs have been 

fabricated on p-type 4°-off 4H-SiC (0001) Si-face substrates with aluminum concentrations NA of 



 

1∙10
15

 cm
-3

, 1∙10
16

 cm
-3

, and 5∙10
16

 cm
-3

. The channel length and width of the MOSFETs were 

500 µm and 80 µm, respectively. To obtain Al concentrations of 1∙10
16

 cm
-3

 and 5∙10
16

 cm
-3

, box-

shaped, p-type wells were fabricated by multiple Al-implantations into the epitaxial layer which had 

a concentration of 1∙10
15

 cm
-3

. The gate oxide with a thickness of 25.5 nm was grown by thermal 

oxidation in N2O atmosphere at 1550 K and annealed at the same temperature in N2 ambient. To 

characterize the MOSFETs electrically, current-voltage and Hall-effect measurements were 

performed at room temperature. The source-drain voltage VD in the measurements was set to 0.1 V 

and the gate voltage was varied between 0 and 20 V. The details of the fabrication process as well 

as the measurement setup can be found elsewhere [3]. 

 

Results and Discussions 

To interpret the doping dependence of the electrical measurements performed, a TCAD simulation 

analysis has been carried out with Sentaurus Device of Synopsys. Firstly, the current-voltage 

characteristics have been numerically simulated using the Near-Interface Trap (NIT) and mobility 

degradation models. A full description of them will be given in [4]. For an accurate description of 

the interface traps energetically located near the conduction band of SiC, their density versus trap 

energy was extracted from the Hall-effect measurements of the studied MOSFETs and used directly 

in the simulations [5]. A comparison of the simulated and measured drain currents is shown in 

Fig. 1. To correct the Hall-effect measurements, the Hall factor rH as a function of doping 

concentration was evaluated for the electron transport in the channel of the SiC MOSFETs. The 

estimation of the Hall factor has been performed on the basis of the successful simulations of the 

current-voltage characteristics using our previously developed method [6]. The results of the 

calculation are shown in Fig. 2.  

 

  
Fig. 1. Comparison of the simulated (lines) and 

measured (symbols) drain current. 

Fig. 2. Hall factor in the channel of SiC 

MOSFETs.  

 

As it can be seen, the Hall factor depends not only on the gate voltage applied, as it was discussed 

in [6], but also on the background doping concentration of the MOSFETs. With a decrease in the 

doping concentration NA, the values of the Hall factor strongly decrease which can be mainly 

explained by a reduction of Coulomb scattering in the channel. Taking the results in Fig. 2, the 

sheet carrier density ninv and channel mobility 𝜇 determined from the Hall-effect measurements 

were corrected with the calculated rH and compared with the simulations. The simulated ninv and 𝜇 

were derived from the current-voltage characteristics presented in Fig. 1. The results of the 

comparison are shown in Fig. 3 and Fig. 4 for the sheet carrier density and drift mobility, 

respectively. All the calculations in the current work have been performed in analogy to our 

previous one [6].   



 

  
Fig. 3. Comparison of the simulated (lines) and 

measured (symbols) sheet carrier density. 

Fig. 4. Comparison of the simulated (lines) and 

measured (symbols) drift mobility. 

A very good agreement between simulations and corrected Hall measurement has been achieved for 

the sheet carrier density ninv as well as for the mobility 𝜇. Analyzing the substrate doping 

dependence of the SiC MOSFET characteristics, it can be seen that the drain current and channel 

mobility, presented in Fig. 1 and Fig. 4, increase strongly with decreasing NA while the sheet carrier 

density shown in Fig. 3 decreases. In MOSFETs with ideal interfaces, i.e. without interface traps, a 

decrease in NA leads to an increase of ninv for the same gate voltage. When there are traps, as in SiC 

MOSFETs, a decrease in NA leads to a reduction of the amount of charged interface traps due to the 

decrease of the bulk potential. Thus, if only the impact of the charged interface traps on the 

transport properties in the channel of SiC MOSFETs is taken into account, ninv as well as 𝜇 should 

increase with decreasing NA. However, a decreasing sheet carrier density was observed for 

decreasing NA values which indicates an increase in the amount of trapped electrons. Considering 

that the studied MOSFETs have identically fabricated gate oxides and that the implantation does not 

generate any additional defects which affect the MOSFET performance, as shown in [7], the higher 

amount of charged traps at lower NA values is unexpected. However, this effect can be explained on 

the basis of a model proposed by Agarwal et al. [8]. They suggested that not only interface traps 

influence the performance of SiC MOSFETs but also bulk traps located in the depletion region. 

They further speculated that the bulk traps can be introduced during fabrication processes. 

Independent of their origin, the mechanisms by which they might impact on the transport properties 

in the channel are the same as for interface traps, namely trapping and scattering of electrons. 

To understand the effect of bulk traps, the band diagrams for the MOSFETs with NA=5·10
16

 cm
-3

 

and NA=1·10
15

 cm
-3

 have been extracted from Sentaurus Device. They are shown in Fig. 5 together 

with the bulk potential 𝜙B and the depletion width xD calculated for the respective conditions. 

 

  
Fig. 5. Band diagrams for n-channel MOSFETs with NA= 5·10

16
 cm

-3 
(left) and NA= 1·10

15
 cm

-3
 (right). 

 

Therein, 𝜙B and xD were calculated by the formulas [9]: 

ϕ𝐵 =
𝑘𝑇

𝑞
ln (

𝑁𝐴

𝑛𝑖
); 𝑥𝐷 = √

4𝜀𝑆ϕ𝐵

𝑞𝑁𝐴
 

(1) 



 

where k is Boltzmann’s constant, T temperature, q the elementary charge, 𝜀S the dielectric constant 

of the semiconductor and ni the intrinsic concentration. 

 

As it can be seen, with a decrease in NA from 5·10
16

 cm
-3 

to 1·10
15

 cm
-3

,
 𝜙B decreases only from 

1.45 V to 1.35 V while xD changes strongly and shows an increase from 0.25 𝜇m to 1.7 𝜇m. 

Considering that at high doping concentrations the depletion width is small and that the inversion 

layer is located close to the interface, the sheet carrier density as well as the channel mobility are 

determined mainly by the traps located at the interface. With decreasing NA the depletion region as 

well as the inversion layer become wider and more and more bulk traps will affect the electron 

transport in the channel of the transistor in addition to the interface traps. As a consequence, this 

results in the lower ninv at the lower NA, as it was concluded from the Hall-effect measurements. To 

explain how bulk potential engineering affects the channel mobility, several mechanisms have to be 

taken into consideration. First, the additional charged bulk traps at lower values of NA will 

additionally contribute to Coulomb scattering of the channel electrons. However, since the density 

of the bulk traps is usually much smaller than the local density of the traps at the interface, 

Coulomb scattering at the former should be much smaller than at the latter. Second, due to the 

decrease of the bulk potential with decreasing NA, the amount of the charged interface traps will 

decrease. Finally, since the thickness of the inversion layer increases for lower values of NA, the 

depth dependence of the mobility in the transistor plays also a role. As it was shown by Potbhare 

[10], moving from the interface into the bulk of the SiC crystal, the charged interface traps have less 

and less impact on the mobility due to the quick decrease of the Coulomb potential. All these effects 

together explain the strong increase in 𝜇 when the background concentration is lowered. Thus, the 

influence of bulk potential engineering on the transport properties in the channel of SiC MOSFETs 

can be explained by the combination of several effects, as discussed above, which result in a lower 

sheet carrier density but in a much higher channel mobility and drain current at lower background 

doping concentrations.  

Summary 

TCAD simulations have been performed to understand the effect of bulk potential engineering on 

the transport properties in the channel of the lateral 4H-SiC MOSFETs. To interpret the Hall-effect 

measurements, the Hall factor was calculated as a function of the background doping concentration 

in the channel of the studied MOSFETs. A very good agreement between measurements and 

simulations was achieved. The results of the simulation analysis revealed that to explain the doping 

dependence of the transport properties in the channel of SiC MOSFETs bulk traps as well as the 

depth dependence of the mobility have to be considered in addition to interface traps. 
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