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Abstract 

The effect of the surface roughness of trench side-
walls on electrical properties have been investigated 
for improving channel mobility in 4H-SiC trench 
MOSFETs. The surface roughness was evaluated by 
atomic force microscopy (AFM). The characteristics 
of channel mobility were analyzed based on the mo-
bility model including optical phonon scattering. The 
results revealed that surface roughness scattering had 
small contribution to channel mobility, and there was 
no correlation between the experimental RMS values 
and surface roughness scattering. On the other hand, 
it was necessary to pay attention to the surface mor-
phology from the view point of device reliability. 
 
1. Introduction 

One of the greatest challenges in 4H-SiC MOSFETs 
technology is reduction of the channel resistance by in-
creasing channel mobility. Even though high values of mo-
bility were achieved, the reported channel mobility is much 
lower than that anticipated from SiC bulk mobility 
(800-1000 cm2 V-1 s-1), which suggests a need for deeper 
understanding what controls the carrier scattering limiting 
the inversion channel mobility in 4H-SiC MOSFETs. 

 We have investigated the channel mobility model in 
SiC trench MOSFETs which were expected to have lower 
on-state resistance than planar-type MOSFETs [1-3]. The 
temperature dependence of the effective mobility demon-
strated that optical phonon scattering (OP) was the essential 
factor in the mobility model and limited the total mobility at 
high temperature, in addition to Coulomb scattering (C) and 
surface roughness scattering (SR). Since the experimental 
results could be expressed by OP, C, and SR, acoustic pho-
non scattering (AC) was not included in our mobility model.  
Recently, to improve the device performance, the transfor-
mation of SiC trenches has been reported at very high tem-
peratures, e.g., 1400 ◦C or more, in SiH4/Ar [4] and in H2 [5] 
ambient. However, the impact of surface morphology in 
trench MOSFETs on electron mobility is poorly understood. 

In this study, we discuss the effect of the surface rough-
ness in channel region of SiC trench MOSFETs on the elec-
trical properties, especially on the channel mobility. 

2. Experimental 
The starting material was n-type 4H-SiC epitaxial layer 

grown on heavily doped n+-SiC (0001) substrate. The iso-
lated one-cell trenched MOSFET with n-channel was fabri-
cated in order to extract the channel resistance component 
and determine the effective channel mobility (μeff). The sur-
face roughness of trench sidewalls was controlled by 
high-temperature annealing following the SiC etching. Ni-
tridation was performed following deposition of a 
75-nm-thick gate oxide in order to reduce the interface state. 
The drain current-gate voltage (ID-VG) and gate current-gate 
bias (IG-VG) characteristics were measured at the temperature 
in the range from -40 to 250◦C. To quantify the surface 
roughness, AFM was employed.  

 
3. Results and Discussion 

Figure 1 shows the schematic image of the trench struc-
tures and AFM images in the channel region. The corre-
sponding line profiles in parallel with the current direction 
and the RMS values were also shown. Based on the pro-
posed mobility model, the mobility factors where the effec-
tive field (Eeff) was 1MV/cm measured at each temperature 
were shown in Fig. 2. The dependence of channel mobility 
on the gate bias with different RMS values was also shown 
in Fig. 3. The limiting factor of the mobility was C at a low 
measurement temperature (≤ 25◦C), and OP at a high tem-
perature (≥ 150◦C). In addition, surface roughness scattering 
had small contribution to the total mobility [6] and no cor-
relation with experimental RMS values in the examined 
region. If C and OP are sufficiently improved, SR will 
have an impact. On the other hand, the large surface rough-
ness which is perpendicular to the current direction did have 
a great impact on the IG-VG characteristics as shown in Fig. 4. 
It is considered to be due to the electric field concentration 
at SiO2/SiC interfaces. Time-dependent dielectric break-
down (TDDB) tests are now under investigation. 

 
4. Conclusions 
   It is revealed that there was no correlation between the 
experimental RMS values and surface roughness scattering. 
On the other hand, the surface morphology was considered 
to affect the long-term device reliability. 
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Fig. 1. Schematic image of trench structure and results of AFM analysis in channel region. (a)-(c) show AFM images of each sample, 
and (d)-(f) were the corresponding line profiles in parallel with current direction. 
 
 

Fig. 3. Characteristics of the effective mobility calculated from 
ID-VG curves with different RMS values as shown in Figs. 1(d)-(f). 
 
 

Fig. 4. IG-VG characteristics. The corresponding AFM images and 
RMS values of line profiles which were perpendicular and parallel 
to the current direction were also shown.  
 

Fig. 2. Analysis of effective channel mobility based on the mobility model [1]. The mobility was calculated from ID-VG 
characteristics measured at (a) -40, (b) 25, (c) 150, (d) 250°C. 
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