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Abstract. For the characterization of n-channel 4H-SiC MOSFETs, current-voltage and Hall-effect 

measurements were carried out at room temperature. To interpret the Hall-effect measurements, the 

Hall factor for the electron transport in the channel of SiC MOSFETs was evaluated, for the first 

time. The method of the Hall factor calculation is based on the interdependence with mobility 

components via the respective scattering relaxation times. The results of the calculation reveal a 

strong dependence of the Hall factor on the gate voltage. Depending on the gate voltage applied, the 

values of the Hall factor vary between 1.3 and 1.5. Sheet carrier density and drift mobility values 

derived from the Hall-effect measurements using our new gate-voltage-dependent Hall factor show 

very good agreement with simulations performed with Sentaurus Device of Synopsys.    

Introduction 

One of the most straight-forward and well-established methods to characterize experimentally 

the transport properties in the channel of SiC MOSFETs is based on Hall-effect measurements. 

However, to obtain the drift mobility as well as the sheet carrier density from this method, the 

accurate value of the Hall factor (rH) is prerequisite. The Hall factor is defined as the ratio of the 

measured Hall-effect mobility µH and the drift mobility µ. For bulk SiC, rH was determined 

experimentally and investigated theoretically [1-3]. For the significantly more complicated situation 

in the channel of SiC MOSFETs, it is common practice to assume a Hall factor of unity [4]. From 

the theory of Hall-effect measurements it is known that rH approaches unity in strong magnetic 

fields B for which the condition µB >> 1 is satisfied. For a magnetic field of B      =  1 T, as an example, 

this means that the mobility should be significantly higher than 10,000 cm
2
/Vs. In SiC MOSFETs, 

the drift mobility is typically on the order of 10 to 100 cm
2
/Vs [4, 5]. As a consequence, the 

assumption of rH = 1 may lead to a misinterpretation of Hall-effect measurements by up to some 

10%. In this work, we extend a newly introduced method demonstrated recently for bulk silicon [6] 

to assess the Hall factor for the particular conditions in the channel of SiC MOSFETs.  

Experiments 

 In this study, lateral n-channel 4H-SiC MOSFETs have been fabricated on a p-type 4°-off 4H-

SiC (0001) Si-face epitaxial layer with an aluminum concentration of 5·10
17

 cm
-3

. To characterize 

them electrically, current-voltage and Hall-effect measurements were performed at room 

temperature and complemented by numerical simulations. The transfer characteristics were 

measured at a drain-source voltage of 0.1 V with gate voltages (Vg) swept from 0 V to 20 V. The 

Hall-effect measurements were carried out using a permanent magnet with a magnetic field of    

0.33 T. The drain-source voltage in the Hall-effect measurements was also set to 0.1 V and the gate 

voltages were varied from 0.25 V to 20 V. From the results of the Hall-effect measurements the 
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drift mobility µ and the sheet carrier density of electrons ninv in the inversion layer were determined 

as a function of Vg from the measurable quantities considering the Hall factor rH by the formulas: 

= ;   =	  (1) 

 

Therein, I denotes the current, B the magnetic field, VH the Hall-effect voltage, ρ the channel 

resistivity and e the elementary charge. The values of the Hall factor were obtained as described 

below from the scattering relaxation time approximation, where rH is given as the ratio of scattering 

relaxation times <τ
2
> and <τ>

2
 averaged over the carrier energy, rH = <τ

2
>/<τ>

2
.  

Results and discussions 

In order to calculate the Hall factor for the electrons in the channel of SiC MOSFETs using the 

scattering relaxation time approximation, the values of <τ> and <τ
2
> at the SiO2/SiC interface have 

to be determined. It is well known that Coulomb scattering at ionized impurities in the bulk and at 

interface charges as well as surface-roughness and phonon scattering are the main limiting 

mechanisms of the total mobility in the inversion layer of SiC MOSFETs. Considering the 

interdependence between scattering relaxation time and mobility, we assume that both the Hall 

factor and the mobility in the channel of MOSFETs are determined by the same scattering 

mechanisms. Taking the latter which are specific for the inversion layer of SiC MOSFETs, the 

average scattering relaxation times [3] can be given as: 
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where x stands for ε/kT with ε denoting the kinetic electron energy, k Boltzmann’s constant, and T 

temperature. The scattering relaxation time components τB and τC are associated with Coulomb 

scattering at ionized impurities in the bulk and at interface charges, τSR and τPH with surface-

roughness and phonon scattering, respectively.  

Based on the method presented recently [6], the scattering relaxation time components in  

Eqs. (2, 3) can be easily determined from the respective mobility components. To calculate the 

mobility components in this work, the current-voltage characteristics of n-channel SiC MOSFET 

were first simulated with Sentaurus Device. To describe their electrical properties, near-interface 

trap and mobility degradation models were included in the simulation [7]. As it can be seen in     

Fig. 1, the models used excellently reproduce the measured current-voltage characteristics. It should 

be noted here that the implementation of the mobility degradation models in Sentaurus Device 

allows only to assess the total channel mobility via its influence on the drain current and not the 

individual mobility components themselves. To evaluate the contributions of the mobility 

components to the total channel mobility, a method of small variations was used in the simulations. 

This method is based on applying a small variation to one of the mobility components via its 

accessible parameters and in calculating its value from the resulting variation of the channel current. 

In Fig. 2, the mobility components obtained by this way are shown as a function of gate voltage.  

As it can be seen in Fig. 2, the mobility components associated with Coulomb scattering at 

ionized impurities in the bulk (µB) and phonon scattering (µPH) are several orders of magnitude 

higher than the total mobility. This indicates their negligibility for the total mobility as well as for 

the electrical performance of the device. In contrast, the mobility components associated with 

Coulomb scattering at interface charges (µC) and with surface-roughness scattering (µSR) are the 
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predominant contributions to the total channel mobility. This conclusion is also in agreement with 

findings of others [4, 5].
  

  
  

Fig. 1. Comparison of measured and simulated 

current-voltage characteristics at VD = 0.1 V. 

Fig. 2. Mobility components as a function of gate 

voltage in n-channel SiC MOSFETs.  

 

Taking the dependence of the mobility components on the gate voltage and using the method 

introduced recently [6], the Hall factor in the n-channel of SiC MOSFETs was calculated. The 

result of the calculation is shown in Fig. 3 and reveals a strong dependence of rH on the gate 

voltage. In these values, mass anisotropy was already taken into account by multiplying the Hall 

factor obtained from Eqs. (2, 3) by the Hall mass factor of 0.98 for SiC. 

 

Depending on the gate voltage applied, rH varies in 

our case between 1.3 and 1.5. The relatively high 

values of the Hall factor can be explained by the 

predominance of Coulomb scattering at interface 

charges and surface-roughness scattering. In theory 

it was shown by Sze that the Hall factor for the 

exclusive case of Coulomb scattering is equal to 

1.93 when the mass anisotropic effect is neglected 

[8]. For the exclusive case of surface-roughness 

scattering, assuming that its scattering centers are 

neutral and the scattering is similar to the 

scattering at neutral impurities [9], the Hall factor 

is equal to unity. Considering that rH in the channel of SiC MOSFETs is determined predominantly 

by the two aforementioned scattering mechanisms, the values of rH are expected somewhere 

between the two extreme values typical for these scattering mechanisms. The reduction of the Hall 

factor with an increase in gate voltage reflects the behavior of the mobility components as a 

function of gate voltage. As it can be seen in Fig. 2 for the MOSFET studied in this work, the 

surface-roughness mobility component µSR slightly decreases with increasing gate voltage. The 

mobility component µC shows a distinct increase with the gate voltage increasing. An important 

effect here is that µC changes with the gate voltage much stronger than µSR. This means that the 

dependence of rH on the gate voltage mainly relates to Coulomb scattering at interface charges. The 

increase of the mobility component µC indicates a reduction of Coulomb scattering at higher gate 

voltages. It can be explained by an increase of screening of the scattering centers due to the rise in 

the amount of inversion electrons. As a consequence, a strong reduction of rH is observed.           

Taking the results in Fig. 3 and using Eqs. (1), the sheet carrier density and the drift mobility 

were determined from the Hall-effect measurements and compared with the simulation results 

derived from the current-voltage characteristics shown in Fig. 1. The results of the comparison are 

presented in Fig. 4 and Fig. 5 for the sheet carrier density and the drift mobility, respectively. In 

addition to it, a standard interpretation of the same measurements using the assumption of rH = 1 is 

shown. 

 
Fig. 3. Hall factor as a function of gate voltage in 

n-channel SiC MOSFETs. 
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Fig. 4. Sheet carrier density as a function of gate 

voltage in n-channel SiC MOSFET. 

Fig. 5. Drift mobility as a function of gate voltage in 

n-channel SiC MOSFET. 

A very good agreement between ninv and µ interpreted with our new gate-voltage-dependent Hall 

factor and the simulations performed with Sentaurus Device of Synopsys is demonstrated. In 

contrast, the interpretation of the Hall-effect measurements with rH = 1 shows deviations from the 

simulated results and leads to an underestimation of the sheet carrier density and to an 

overestimation of the mobility. The misinterpretation of the Hall-effect measurements amounts to 

30 – 50 % depending on the gate voltage and can be easily prevented by considering the 

dependence of the Hall factor on the scattering mechanisms specific for the channel of SiC 

MOSFETs. 

Summary 

For the first time, a Hall factor calculation for the characterization of transport properties in n-

channel SiC MOSFETs was performed. The results of our calculation reveal a strong dependence of 

the Hall factor on the gate voltage. It was shown that the values of rH are mostly impacted by two 

dominant scattering mechanisms which, as is well known, also limit the channel mobility – 

Coulomb scattering at interface charges and surface-roughness scattering. In addition, it was also 

shown that the sheet carrier density and drift mobility in the inversion channel of SiC MOSFETs 

derived from the Hall-effect measurements using our new gate-voltage-dependent Hall factor agree 

very well with the simulation results performed with Sentaurus Device of Synopsys.  
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