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Abstract 

An analytical channel mobility model of SiC MOSFET 

has been constructed based on the results of experimental 

and theoretical investigation of the universal mobility. Ex-

perimental results including temperature dependence 

have been well reproduced by this model. 

1. Introduction

The performance of SiC MOSFET is limited by the low

channel mobility. Figure 1 shows general mechanisms limit-

ing the channel mobility. To further improve the mobility, a 

systematic understanding of the scattering mechanism is es-

sential. Figure 2 shows a comparison of the effective channel 

mobility (μeff) of conventional SiC MOSFETs [1] with the 

universal mobility of Si MOSFETs [2]. In Si MOSFETs, μeff 

shows a universal curve when expressed as a function of ef-

fective electric fields (Eeff) regardless of acceptor concentra-

tion (NA), substrate bias (Vb), and nominal process conditions. 

This universal curve is called universal mobility and is under-

stood in association with the scattering mechanism. Therefore, 

from the comparison of μeff in fabricated MOSFETs with the 

universal mobility, the dominant scattering mechanism can be 

estimated. In addition, the analytical model of universal mo-

bility is built and utilized in device and circuit simulation. 

However, universal mobility cannot be obtained in conven-

tional SiC MOSFETs as shown in Fig. 2. 

   Figure 3 shows our approach for achieving a systematic 

understanding of the scattering mechanism in SiC MOSFETs. 

In our previous study, we obtained the universal mobility of 

SiC MOSFETs experimentally [3]. This universal mobility 

was compared with theoretical calculation results, and the 

mobility limited by each scattering mechanism was extracted 

[4]. In this study, these results are discussed comprehensively 

and an analytical model based on these experimental and the-

oretical results is presented. 

2. Results and discussion

Figure 4 shows the experimentally obtained μeff of SiC

MOSFETs [3]. Defects at MOS interfaces were reduced by 

wet oxidation on C-face substrates. In addition, electron trap-

ping to wet oxide was suppressed by pulse measurement, and 

then the universal mobility of SiC MOSFETs was obtained. 

   Then, the theoretical calculation of the channel mobility 

was performed based on [5-6]. Figure 5 shows calculated re-

sults of acoustic phonon scattering limited mobility (μac). In 

4H-SiC substrates, there are two proximity conduction band 

minima (CBM) at the M point in the Brillouin zone. It can be 

seen that μac is decreased due to interband scattering at high 

Eeff. As shown in Figs. 6(a) and 6(b), the energy and occupa-

tion ratio difference of the two CBM decreases with Eeff. 

Therefore, the higher the Eeff, the higher the scattering rate 

between the two CBM, leading to the decrease in μac. Simi-

larly, mobility limited by surface roughness scattering (μsr) 

and mobility limited by intervalley scattering due to optical 

phonon (μinter) were calculated [4]. The total mobility was ob-

tained from Matthiessen’s rule and compared to experimental 

results as shown in Fig. 7(a). Using parameters listed in Fig. 

7, experimental results were well reproduced. Figure 7(b) 

shows separately plotted μac, μinter and μsr. It can be seen that 

μac is dominant in a wide Eeff range and the influence of μsr 

increases at high Eeff. 

 Based on these experimental and calculation results, we 

tried to construct an analytical model. Equations (1) – (3) in 

Fig. 8(a) show analytical formulas. μac and μinter are expressed 

together as μph, and μph and μsr are combined by Matthiessen's 

rule to obtain μtot. Figure 8(b) shows fitting results of the Eeff’s 

exponents αph and αsr for μph and μsr. In previous works [3,7], 

αph was set to a constant value regardless of the Eeff range, as 

well as Si MOSFETs. However, due to the influence of scat-

tering between two CBM, αph decreased linearly with Eeff. 

Figure 9(a) and 9(b) show the temperature dependence of the 

mobility in the medium and high Eeff regions, respectively. In 

the medium Eeff region, where the influence of phonon scat-

tering is strong, μeff was proportional to T−0.65, which is close 

to μac of Si MOSFETs. In the high Eeff region, the temperature 

dependence became smaller, which is considered to be due to 

the greater influence of roughness scattering. These trends are 

consistent with the results in Fig. 7(b). Figure 10 shows the 

comparison of theoretical and analytical calculation results. It 

can be seen that the analytical model well reproduces theoret-

ical calculation results. Figure 11 shows analytical calculation 

results of the temperature dependence of μeff. It can be seen 

that experimental results are well reproduced by the analyti-

cal model. 

3. Conclusions

Based on experimental and theoretical findings concern-

ing the universal mobility, an analytical model was con-

structed. Unlike in previous studies, the Eeff’s exponent αph 

for μph (when μph is expressed as μph = kEeff
αph) decreased lin-

early with Eeff due to the acoustic phonon scattering between 

the two CBM. This model is semi-physical and well repro-

duces experimental results including temperature dependence, 

and will be useful in device and circuit simulation. 
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Fig. 1 Schematic diagram of scattering 

mechanisms and charge trapping to inter-

face states and bulk SiO2 in SiC 

MOSFETs. 

Fig. 2 Comparison of universal mobility in Si 

MOSFETs [2] with mobility in conventional 

SiC MOSFETs [1]. 

Fig. 3 Our approach for achieving a deeper 

understanding of the scattering mechanism 

of SiC MOSFET. 

Fig. 4 Universal mobility of SiC 

MOSFET obtained experimentally in our 

previous study [3].  

Fig. 5 Theoretical calculation results of acous-

tic phonon limited mobility (μac). μac is de-

graded by scattering between two proximity 

conduction band minima (CBM). 

Fig. 6 (a) Energy of primed subband and (b)

occupation ratio. At high Eeff, energy and oc-

cupation ratios of the two bands approach 

and interband scattering rate increases.

Fig. 7 (a) Comparison of theoretically calculated mobil-

ity with the experimental data. (b) Separately plotted μac, 

μinter and μsr. Table shows parameters used in calculation. 

Fig. 8 (a) Simple analytical mobil-

ity model constructed in this study. 

(b) Experimental and fitting results 

of Eeff’s exponents αph and αsr.

Fig. 9 Temperature dependence of mo-

bility at (a) Eeff = 0.6 MV/cm and (b) Eeff 

= 1.3 MV/cm. Dashed lines show fitting. 

Fig. 10 Comparison of theoretical calcula-

tion and analytical calculation. μph and μsr

were reproduced separately. 

Fig. 11 Calculation of temperature dependence of 

μeff–Eeff curve by analytical model. Experimental 

result is well reproduced by analytical model. 
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