
Impact of Mechanical Uniaxial Stress  

on Mobility Enhancement of 4H-SiC (0001) MOSFET  
 

Wakana Takeuchi1,2, Katsuhiro Kutsuki3, Eiji Kagoshima4, Toru Onishi4, Shinya Iwasaki4,  

Mitsuo Sakashita2, Hirokazu Fujiwara4, Osamu Nakatsuka2 
 

1 Aichi Institute of Tech., 1247 Yachigusa Yakusa-cho, Toyota, Aichi 470-0392, Japan, Phone: +81-565-48-8121 
2 Graduate School of Eng., Nagoya Univ., Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan 

3 Toyota Central R&D LABS., INC, 41-1, Yokomichi, Nagakute, Aichi 480-1192, Japan 
4TOYOTA MOTOR CORP., 543, Kirigahora, Nishihirose-cho, Toyota, Aichi 470-0309, Japan 

E-mail: wtakeuchi@aitech.ac.jp 
 

Abstract 

We investigated the impact of the mechanical uniaxial 

strain on the inversion channel mobility of 4H-SiC(0001) 

n-MOSFET. We found that the inversion channel mobil-

ity effectively increases with the uniaxial compressive 

stress mechanically applied with bend holders. From the 

temperature dependence of mobility, we concluded that 

the enhancement of mobility is attributed to the reduction 

of effective mass in 4H-SiC by introduced stress. 

 

1. Introduction 

4H-SiC having a wide bandgap, high breakdown electric 

field strength, high thermal conductivity, and high electron 

mobility is an attractive semiconductor for high-power metal-

oxide-semiconductor field-effect transistors (MOSFETs). In 

the state-of-the-art Si-MOSFET technology, the enhance-

ment of mobility in a strained Si by the band structure modu-

lation has been well established [1]. On the other hand, the 

strain engineering technology of SiC MOSFET is still lim-

ited; recently, the isotropic piezo resistance has been reported 

for p-type 4H-SiC in (0001) plane [2], although the piezo re-

sistivity of n-type 4H-SiC was only theoretically investigated 

using the first principle simulation [3]. There is no detail re-

port for the effect of a strain on the mobility in 4H-SiC 

MOSFET. In this work, we investigated the effects of me-

chanical uniaxial strain on the inversion channel mobility in 

4H-SiC(0001) n-MOSFET. 

 

2. Experimental 

We used a conventional n-channel MOSFET on a 4° off 

p-type 4H-SiC(0001) substrate. The channel length, L and 

width, W were 10 and 80 μm, respectively. The 4H-SiC 

MOSFETs with two channel directions [112̅0] and [11̅00] 
were prepared on the chip (8×8×0.1 mm3). An uniaxial stress 

was applied to the chip using an custom-designed bend-

holder. We prepared the convex- and concave-bend-holders 

with curvature radials R=30 to 100 mm. In order to apply to 

stress in the chip, the chip was wedged between the top cover 

with a window for measurement and the basis holder. First, 

we confirmed that an uniaxial stress was applied to the sam-

ple using the holders. The distribution of the applied stress 

and strain in chips with bend-holders were calculated using 

finite element analysis software (ANSYS 19.0). The stress 

value applied to samples was also experimentally estimated 

using micro Raman measurement with confocal optical sys-

tem (λ =532 nm). We simultaneously obtained the quartz line 

to calibrate the thermal fluctuation in the Raman measure-

ment. The mobility in MOSFET samples strained with the 

bend holders was estimated directly from the drain current-

gate voltage (ID-Vg) characteristics. 

 

3. Results and discussion 

3.1 Stress and strain evaluation  

  Figure 1 shows results of measured Raman shift for various 

bend-holders with different radii R. The Raman shift was 

measured for not only bare SiC substrate but also the chip 

after the MOSFET fabrication. The stress value was also es-

timated from the Raman shift using the conversion factor 

−323 MPa/cm-1[4]. Here, in these holders names, “R30” 

means the radius of the bend-holder (mm), and “T” and “H” 

mean the convex and concave of bend-holders, respectively. 

As shown in Fig. 1, we confirmed that the stress in MOSFET 

can be controlled depending on the radius of bend-holder. We 

also found that the stress value of the sample after the 

MOSFET fabrication almost corresponds to that of bare SiC 

substrate, which means that the strain induced with the 

MOSFET fabrication process is enough small to be ignored.  

 

3.2 Electrical characteristic with uniaxial stress  

Figure 2 shows gm-Vg characteristics which was calcu-

lated from ID-Vg characteristics at room temperature for vari-

ous bend-holders. In the case of the [112̅0] bend direction, 

the variation of gm-Vg characteristics for various bend-holders 

at the [11̅00] source-drain (S/D) direction is larger than that 
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at the [112̅0] S/D direction. In contrast, in the case of the 

[11̅00] bend direction, the variation of gm-Vg characteristics 

for various bend-holders at the [112̅0] S/D direction is also 

large. 

The electron field-effect mobility 𝜇𝐹𝐸  was estimated 

from the value of gmMax using eq. (1). The gmMax means maxi-

mal value of the gm. 

𝜇𝐹𝐸 =
𝐿

𝑊
∙
𝑔𝑚𝑀𝑎𝑥

𝐶𝑜𝑥 ∙ 𝑉𝐷
                 (1) 

Here, 𝐶𝑜𝑥 and 𝑉𝐷 are the oxide capacitance and the drain 

voltage, respectively. Figure 3 shows the field-effect mobility 

as a function of the stress value estimated from the Raman 

measurement. In the case of tensile stress, the value of 𝜇𝐹𝐸 

decreases with increasing the stress. In contrast, in the com-

pressive stress, the value of 𝜇𝐹𝐸  increases with the stress. 

We found that the variation of 𝜇𝐹𝐸 for the stress increases at 

the current direction orthogonal to the bend direction. 

  Next, we examined to separate mobility components such 

as Coulomb scattering (𝜇𝐶), optical phonon scattering (𝜇𝑂𝑃), 

and surface roughness scattering (𝜇𝑆𝑅) according to the scat-

tering model reported in the previous work [5] using Mat-

thiessen’s rule as shown in Figs. 4. The total inversion layer 

mobility can be described by 
1

𝜇𝑒𝑓𝑓
=

1

𝜇𝐶
+

1

𝜇𝑂𝑃
+

1

𝜇𝑆𝑅
 .               (2) 

From Fig. 4(a), the calculated 𝜇𝑒𝑓𝑓  curve close to the 𝜇𝐶 

curve. We suggest that 𝜇𝐶  act in a dominant factor for 

𝜇𝑒𝑓𝑓  at a low temperature. On the other hand, value of 𝜇𝑂𝑃 

decreases with increasing measurement temperature. This 

means that 𝜇𝑂𝑃 has an impact on 𝜇𝑒𝑓𝑓 at a higher tempera-

ture. Especially, 𝜇𝑂𝑃 becomes a dominant factor at a high 

temperature and a high effective field.  

Then, we investigated effects of the stress and stress direc-

tion on 𝜇𝑂𝑃 at 500 K and 𝜇𝐶 at 200 K as shown in Figs. 5. 

𝜇𝑂𝑃 and 𝜇𝐶 at the [11̅00] S/D direction similarly increase 

with the stress while 𝜇𝑂𝑃 and 𝜇𝐶 at the [112̅0] S/D direc-

tion hardly change with the different stress values. This result 

indicates that the effective mass of 4H-SiC can be effectively 

enhanced by the applied stress.  

 

4. Conclusions 

   We found that the inversion channel mobility of 4H-

SiC(0001) MOSFET increases with the uniaxial compressive 

stress, and the variation of 𝜇𝐹𝐸 for the stress increases at the 

current direction orthogonal to the bend direction. We de-

duced that the mobility enhancement is attributed to the ef-

fective mass decreased by the applied stress. 
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Fig. 2 gm-Vg characteristics at room temperature with the various 

bend-holder at VD=100 mV. 

 

 
Fig.3 The variation of field effect mobility as a function of the 

stress. 

 
Fig.4 Calculated inversion channel mobility taking into account 

𝜇𝐶, 𝜇𝑂𝑃 and 𝜇𝑆𝑅, based on the conventional Si-based model at 

(a) 200, (b)350 and (c)500K. The experimental data with R50H 

at the S/D direction and bend direction of [112̅0] for fabri-

cated MOSFETs are also plotted at each temperature. 

 

 
Fig.5 (a) 𝜇𝑂𝑃 and (b) 𝜇𝐶 at effective field of 1 MV/cm as a 

function of the stress. 
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