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Abstract

Temperature characteristics of the channel mobility
were investigated for 4H-SiC trenched MOSFETs in the
range from 30 to 200 ‘C by calculation and experiment.
The conventional model of the mobility based on
Si-MOSFETs shows a large difference from the experi-
mental value of the mobility, especially at the high tem-
perature. On the other hand, the improved mobility
model including the optical phonon scattering was in an
excellent agreement with the experimental results.
Moreover, the major factors limiting the channel mobili-
ty were found to be Coulomb scattering in low effective
field (E ) and the optical phonon scattering in high E ..

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 [1], the reported channel mobility is
much lower than that anticipated from SiC bulk mobility
(800-1000 cm® V' s, which suggests a need for deeper
understanding what controls the carrier scattering limiting
the inversion channel mobility in 4H-SiC MOSFETs.

Recently, the several scattering models in SiC MOSFETs
based on the silicon model have been proposed [2-4]. Naik
et al. reported that the surface acoustic phonons have very
small impact on the carrier scattering, and that Coulomb
scattering in the low E. and surface roughness scattering in
the high E.¢ are dominant [2]. On the other hand, Frazzetto
et al. concluded that the inversion channel mobility is not
limited by the surface roughness but limited by Coulomb
scattering based on experimental results using AFM [3].
Clearly, understanding inversion carrier scattering mecha-
nism on SiC MOSFETs remains still an open issue. Since
the property of bulk mobility has great impact on channel
mobility in conventional Si-based MOSFETs [5,6], the key
is considered to be characteristics of bulk mobility in SiC.
Given the difference between the electron negativity of Si
and C in SiC, the optical phonon scattering must be taken
into account as scattering factor derived from the lattice vi-
bration in addition to the acoustic phonon scattering includ-
ed in the conventional scattering models [7].

In this letter, the impact of optical phonon scattering on
the channel mobility is discussed, based on the temperature
dependence of channel mobility in the trenched 4H-SiC
MOSFETs.

2. Experimental

The starting material was n-type 4H-SiC epitaxial layer
grown on heavily doped n+-type SiC(0001) substrate. The
isolated one-cell trenched MOSFET with n-channel was
fabricated in order to extract the channel resistance compo-
nent and determine the effective channel mobility (uef). 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 (/p-V) characteristics of fab-
ricated MOSFETs were measured at the temperature in the
range from 30 to 200 °C.

3. Results and Discussion

The value of u.y was directly evaluated from Ip-Vg
characteristics measured at each temperature by two-step
process [8]. Figure 1 shows the temperature dependence of
Uesr characteristics. The results suggest that uey has strong
dependence not only on the effective field but also on the
temperature, which indicates Coulomb scattering and pho-
non scattering.
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Fig. 1 Temperature dependence of the effective chan-
nel mobility extracted from /p-V characteristics as a
function of effective field.
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Next, the carrier scattering model in 4H-SiC MOSFETSs 1000 ¢ e

was investigated based on the y.q characteristics. In this pa- ; (a) N B Pvank *y.B _
per, we described the total inversion layer mobility which 100 L HsR '\..\
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taking into account the optical phonon scattering term uop = 1000
expressed as: S
=
Hon =i-exp(h“’i—1j @) g 100
E eff kT 8
. . . = 10
where haop is the optical phonon energy, £ is the Boltzmann e E calculation
constant, 7 is the absolute temperature and Z is an empirical = 100 °C
parameter, in addition to the other conventional terms con- f__‘s 1000 ~—
sisting of the bulk mobility (ug), the acoustic phonon scat- O E (C) aeenn. ,T,;:,/;lé;,._,,m,_,
tering (uac), the surface roughness scattering (usr), and the g 100 _ ,Us'R'\‘. B L
Coulomb scattering (uc) [2-6]. uop is based on the phonon g _ T ST
occupation factor of the polar optical phonons of energy = [ experimental _.--7 XLl
. . [T P
A wop as mentioned in Ref. 7. 10 ¢ calculation
Figure 2 and 3 show the experimental data measured at 200 °C
30, 100 and 200 °C, and the calculated values without and 1 L i
with the optical phonon scattering term, respectively. In the 0.0 0.5 1.0 15 2.0
case of conventional model as shown in Fig. 2, while a good Effective Field, E.4 (MV/cm)
agreement in low E. region can be seen between the calcu-
lated and experimental data, a large gap was demonstrated in Fig. 2 Calculated and experimental channel mobility
high E.¢ region, especially at high temperature. On the other based on the conventional Si-based model at (a) 30,
hand, when the optical phonon scattering term is included, (b) 100, and (c) 200 "C.
an excellent agreement can be seen not only at low E.¢ but
also at high E in the temperature range from 30 to 200 °C, 1000
as shown in Fig. 3. These results suggest that the proposed X
mobility model enables to identify the factor limiting mobil- 100
ity. The correlation with physical analyses, e.g. atomic force F
microscopy (AFM) and transmission electron microscopy »w 10 L
(TEM), is under investigation. NZ
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4. Conclusions < 1000 ¢
Given the difference between the electron negativity of I
Si and C in 4H-SiC, we proposed mobility model including > I
the optical phonon scattering. The calculated mobility based E 100 _
on this model was in an excellent agreement with the ex- g C experimental ke D
perimental results. The major factors limiting the channel - 10 ¢ £ -
mobility were revealed to be Coulomb scattering in the low = : cajculation
E.¢ and the optical phonon scattering in the high E.. I i 100 °C
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