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Abstract 

   The electron mobility along the c-axis in 4H-SiC with 

various donor concentrations (ND) of 1015-1017 cm-3 was 

investigated by Hall-effect measurement on n-type 4H-

SiC (112̅0) epitaxial layers in the temperature range from 

296 to 573 K. We obtained a Hall electron mobility of 1108 

cm2/Vs for ND = 5.4×1015 cm-3 at room temperature, which 

is the highest electron mobility ever reported for SiC at 

room temperature, and the Hall electron mobility along 

the c-axis was about 1.2 times higher than that perpendic-

ular to the c-axis. In addition, based on the temperature 

dependence of the resistivity, we concluded that the ani-

sotropy of the drift mobility is mainly attributed to the 

anisotropy of the effective mass. 

 

1. Introduction 

The mobility is one of the most basic properties which 

determines characteristics of semiconductor devices. It is 

known that the mobility has anisotropy in hexagonal SiC [1-

3]. Figures 1(a) and (b) show schematic structures of typical 

SiC vertical power devices, where the mobility along the c-

axis determines the drift resistance because the current flow 

is along the c-axis. Although a number of studies have been 

conducted on measurements of the mobility in SiC, almost all 

of them investigate the mobility perpendicular to the c-axis 

using van der Pauw structure fabricated on SiC (0001) wafers 

shown in Fig. 1(c), and the mobility along the c-axis has not 

been well investigated. In this study, we measured the Hall 

electron mobility along the c-axis (𝜇H,//) and that perpendic-

ular to the c-axis (𝜇H,⊥) in the temperature range from 296 to 

573 K using 4H-SiC (112̅0) substrates. In addition, we dis-

cuss the anisotropy of the drift mobility based on the temper-

ature dependence of the resistivity (𝜌⊥, 𝜌//). 

  
2. Experiment 

We fabricated Hall bar samples on n-type 4H-SiC (112̅0) 

epitaxial layers with various donor concentrations (ND) of 

5.4×1015−1.0×1017 cm-3. A schematic illustration of the Hall 

bar structures is shown in Fig. 2. The intermediate p-type ep-

itaxial layer was grown for electrical isolation of the n-type 

epitaxial layer from the n-type substrate. We fabricated two 

kinds of Hall bar structures on the sample, which are oriented 

along [0001] and [11̅00]  directions for measuring 𝜇H,// 

and 𝜇H,⊥ , respectively. Hall-effect measurement was per-

formed on those structures, and the electron mobility and the 

resistivity were measured in the temperature range from 296 

to 573 K. 

 

3. Result and discussion 

   Figure 3 shows the Hall electron mobility versus the do-

nor concentration at room temperature. 𝜇H,// was about 1.2 

times higher than 𝜇H,⊥, and a 𝜇H,// of 1108 cm2/Vs was ob-

tained  for 𝑁D = 5.4×1015 cm-3, which is the highest elec-

tron mobility ever reported for SiC measured at room temper-

ature. 

For calculation of the specific on-resistance (drift-layer 

resistance) for SiC devices, 𝜇⊥ has often been used. How-

ever, 𝜇// should be used instead of 𝜇⊥ because the current 

flow is along the c-axis in typical SiC vertical power devices. 

Figure 4 shows the drift-layer resistance of SiC device with 

an optimum punch-through (PT) structure [4] for voltage rat-

ings of 3.3 and 6.5 kV (breakdown voltages of 4.0 and 7.8 

kV) at room temperature calculated using 𝜇H,⊥  and 𝜇H,// , 

considering that 𝜇H,// is 1.2 times higher than 𝜇H,⊥. The cal-

culated drift-layer resistance was reduced from 5.6 to 4.6 

mΩcm2 for 3.3 kV devices and 25.6 to 21.4 mΩcm2 for 6.5 

kV devices by using 𝜇𝐻,//.  
Figure 5 shows the temperature dependence of the Hall 

electron mobility measured on the sample with ND = 1.0×1017 

cm-3, where the log 𝜇H −log T shows a linear relationship in 

the log-log plot. For other donor concentrations (ND = 
5.4×1015, 1.2×1016  cm-3), 𝜇H,// and 𝜇H,⊥ exhibited a sim-

ilar tendency from 296 to 433 K. 𝛼  defined by 𝜇 ∝ 𝑇−𝛼 

was determined as 2.92, 2.71, and 2.22 for 𝜇H,// and 2.87, 

2.66, and 2.18 for 𝜇H,⊥ in the samples with ND = 5.4×1015, 

1.2×1016, and 1.0×1017 cm-3, respectively. The decrease in 𝛼 

with increasing donor concentration is naturally expected due 

to the stronger effect of impurity scattering. 

The relationship between the Hall electron mobility 𝜇H 

and the drift mobility 𝜇 is given by 𝜇H = 𝛾H𝜇, where 𝛾H is 

the Hall scattering factor. When the scattering process de-

pends on crystal directions, 𝛾H has anisotropy and the ani-

sotropy of 𝜇H can differ from that of 𝜇. To discuss the ani-

sotropy of 𝜇 by excluding that of 𝛾H, we investigated the 

anisotropy of the resistivity 𝜌, which is directly related to 𝜇 

by 𝜌 = 1/𝑒𝑛𝜇, where 𝑒 and 𝑛 are the elementary charge 

and the electron density, respectively. Figure 6 shows the ra-

tio of 𝜌⊥ to 𝜌// versus the temperature from 296 to 573 K. 

We obtained the resistivity ratio 𝜌⊥/𝜌// of 1.20 and 1.08 for 
ND = 5.4×1015 cm-3, while 1.17 and 1.04 for ND = 1.0×1017 

cm-3 at 296 K and 573 K, respectively. The resistivity ratio 

becomes lower with elevating the temperature and as the do-

nor concentration becomes higher. Considering the energy 

distribution of electrons in the conduction band, the number 

of electrons in the high energy should increase at higher tem-

perature and with heavier donor concentration as shown in 

Fig. 7. Therefore, it is speculated that the anisotropy of the 

drift mobility is large near the conduction band minimum and 

becomes smaller in the higher energy region. The drift mobil-

ity 𝜇 is related to the effective mass 𝑚∗  and the average 

scattering time ⟨𝜏⟩ by 𝜇 = 𝑒⟨𝜏⟩/𝑚∗ . Thus, the anisotropy 

of the drift mobility, in principle, originates from the anisot-

ropy of 𝑚∗ and/or ⟨𝜏⟩. The ratio of 𝑚⊥
∗  to 𝑚//

∗  (𝑚⊥
∗ /𝑚//

∗ ) 
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is 1.21, as calculated from the effective mass shown in Table 

I [5]. On the other hand, we obtained the ratio of the drift mo-

bility 𝜇///𝜇⊥ = 1.20 (at room temperature, ND = 5.4×1015 

cm-3), which is close to the 𝑚⊥
∗ /𝑚//

∗  ratio. This result im-

plies that the anisotropy of 𝑚∗ mainly contributes to the an-

isotropy of the drift mobility in 4H-SiC. 

 

4. Conclusion 

   In this study, we investigated the Hall electron mobility 

along the c-axis in 4H-SiC with various donor concentrations 
of 1015-1017 cm-3. The mobility obtained in our work is essen-

tial for designing SiC vertical power devices. 
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Fig. 3. Hall electron mobility versus do-

nor concentration at room temperature. 

Fig. 2. Hall bar structures along [0001] and [11̅00] directions 

fabricated on an n-type epitaxial layer grown on a 4H-

SiC (112̅0) substrate. 

Fig. 6. Temperature dependence of the resistivity ratio (𝜌⊥/𝜌//) with 

the donor concentrations of 5.4×1015 and 1.0×1017 cm-3. The bro-

ken line shows the ratio of the effective mass (𝑚⊥
∗ /𝑚//

∗ ) [5]. 

Fig. 4. Specific on-resistance (drift-layer resistance) of 

SiC devices for voltage ratings of 3.3 and 6.5 kV with a 

punch-through structure at room temperature. 

Fig. 5. Temperature dependence of the Hall 

electron mobility with a donor concentration 

of 1.0×1017 cm-3. 

Fig. 1. Schematic illustrations of (a) Schottky barrier diode (SBD), (b) trench 

MOSFET, and (c) van der Pauw structure. 

Table I. Electron effective mass in 4H-SiC [5]. 

Fig. 7. Schematic diagrams of the energy distribution of electrons (a) at dif-

ferent temperatures and (b) for different donor concentrations. 
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