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Between source/drain and gate of SiC Schottky barrier source/drain MOSFET (SiC SBSD-MOSFET), there must
be a sidewall as isolation. The width of sidewall strongly affects on the device performance. In this paper the effect of
sidewall on the performance of 6H-SiC SBSD-NMOSFET is simulated with the 2D simulator MEDICI. The simulated

results show that a sidewall with width less than 0.1pm slightly affects the device performance. However, when the

width of sidewall exceeds 0.1um, the conduction does not occur until the drain voltage is high enough and saturation

current sharply decreases. The effect of the sidewall on device performance can be reduced by decreasing the doping

concentration in the epitaxial layer.
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1. Introduction

SiC Schottky barrier source/drain MOSFETSs
(SiC SBSD-MOSFET) which utilize metal replacing
heavily doped SiC within the source/drain regions is a
novel SiC device. Compared with conventional MOS-
FETs, the fabrication process for this kind of device
is quite simple, avoiding the steps of ion implantation
and annealing at extremely high temperature. Also, it
has none of the problems of crystal damage caused by
ion implantation and low activation rate of implanted
atoms. Both the simple process and lack of crystal
damage could facilitate the development of SiC SBSB-
MOSFETs,!! 3! but there has been no paper about
SiC SBSD-MOSFET fabrication so far.

The SBSD and the conventional MOSFET have
very different physical behaviour. Carrier entering
into the conduction channel from the source contact
takes place mainly by tunnelling through the reverse-
biased Schottky barrier at the SiC/metal interface.
The width of the Schottky barrier is modulated by the
gate voltage, and conduction occurs when the barrier
is sufficiently thin.[¥ The barrier between source and

channel is sufficiently wide when the gate voltage is

small so that relatively little tunnelling takes place.
For higher gate voltage the Schottky barrier under-
neath the oxide interface may become sufficiently nar-

row to allow larger tunnelling current.

Schottky contact

gate oxide

Fig.1. Schematic structure of SBSD-MOSFET.

Between the source/drain and gate of the SiC
SBSD-MOSFET, there must be a sidewall as isolation
for avoiding electrical short between the source/drain
metal and gate (Fig.1). This may cause conduction
problems in the channel below sidewalls, especially at
The width of sidewall should be a

reasonable compromise between isolation and channel

the source side.

conduction. So it is important to know how sidewalls

affect device performance and determine appropriate
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width before the device design and manufacture. In
this paper the effect of sidewall on the performance
of 6H-SiC SBSD-NMOSFET is simulated with the 2D
numerical simulator MEDICI and the results are of
practical significance for developing this kind of de-

2.Model

The primary function of MEDICI is to solve the
three basic equations, Poisson’s equation and continu-
ity equations for electrons and holes, self-consistently
for the electrostatic potential and for the electron and
hole concentrations, respectively.[®l Different models
should be chosen for different material and structure.
The Schottky contact model is chosen for the special
structure and an incomplete ionization model used for
the incomplete ionization of SiC material.

In MEDICI the Schottky contacts to semiconduc-
tor are defined by a work function of the electrode
metal (W,,) and an optional surface recombination ve-
locity. The surface potential at a Schottky contact is
defined by
B, inl, (N
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where s is the electron affinity of the semiconductor,
and E, the energy bandgap. N, and NN, are conduc-
tion and valance band effective state density respec-
tively. Vippliea is applied bias at the electrode, kg is
the Boltzmann constant.

The electron and hole current densities at the con-

tact are expressed as follows:

Jsurfn = GQUsn (nsurf - neq) ’

Jsurfp = qUsp (psurf - peq) ’ (2)
ALT? A;T?

surfn — = ) surfp — 3 3

Vst qN. Vsurfp qN, ( )

where Vgurn and Veursp are the surface recombination
velocities for electrons and holes, ngyf and pgys are
the actual surface electron and hole densities, and 74
and peq are the equilibrium electron and hole densities
respectively. A} and AJ are the effective Richardson
constants for electrons and holes, respectively, consid-
ering quantum mechanical reflection and tunnelling.
The Schottky model can also account for field-

dependent barrier-lowering mechanisms:

1/2
A@b:[ 4 ] E'? 4 aF, (4)
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where F is the magnitude of the electric field at the
interface and es;c dielectric constant of SiC. a is an
empirical coefficient, and its value ranges from 1.5nm
to 3.5nm:[%71 1.5nm is adopted in this paper. Note
that the term with the square root dependence on the
electric field corresponds to an image force, while the
linear term corresponds to the dipole effect. The ba-
sic procedure is to solve Poisson’s equation normally
with the surface potential defined as in Eq.(1). How-
ever, using the electric field consistent with the solved
potentials, the effective surface potential can be com-

puted as

Wseff = Ws + A¢b; (5)

where the sign ‘4’ is for electrons and the sign ‘'’ for
holes. The continuity equations are then solved us-
ing Egs.(2) and (3) as boundary conditions, but with
Ngurf, Psurf, eq aNd Peq replaced by the corresponding

effective values which are computed using V..

3. Results and discussion

A 6H-SiC SBSD-NMOSFET has been simulated
with 1.5um channel length, 20nm oxide thickness and
an acceptor concentration (Na) of 5x10®cm™3. The

work function of metal is 3.9¢V.

Figures 2 and 3 show the effect of sidewalls with
various widths on the device performance at room
temperature. The data show that saturation cur-
rent and transconductance of the device slightly de-
crease for the width of sidewall (sidewall) less than
0.1pm. When sidewall width exceeds 0.1pm the de-
vice could not turn on normally, while saturation cur-
rent sharply decreases. Saturation current is only less

than 1pA/pm for sidewall=0.3pum.
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Fig.2. Output characteristics with gate voltage (V)

of 4V for various widths of sidewalls.
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Fig.3. Transconductance versus gate voltage of

SBSD-NMOSFET with drain voltage (Vpg) of 0.1V
for various widths of sidewalls.

There may exist a p—n junction under the sidewall,
composed of n-type channel and p-type epitaxial layer.
The conduction of the channel below the sidewall can
be achieved by expansion of the p—n junction and
Schottky barrier space-charge region. The widths of
p—n junction and Schottky barrier space-charge region

are given by Egs.(6) and (7), respectively:

S \/ (Vo — V) 252“3 (% + N%) (6)

[2ESiC |Vb — V|:| %
rg = | —m—m— s
s qNa

(7)

where Vp and Vj, are the built-in potential of p—n junc-
tion and Schottky barrier, respectively, and n is elec-
tron concentration in n-type channel. V is applied
For n-channel MOSFET the source is at low

potential, and p—n junction and Schottky barrier at

bias.

source side are reverse-biased (V' < 0). Thus space-
charge regions widen with the increase of drain volt-
age. This can explain why the conduction does not oc-
cur until drain voltage is high enough when the width
of sidewall exceeds 0.1um.

Figure 4 shows the output characteristics of the
device for sidewall=0.15um. The curves show that the
higher gate voltage is, the higher the drain voltage
needed to conduct channel. This can be explained by
electron concentration increasing exponentially with
gate voltage so that the space-charge region of the p—
n junction becomes narrow at higher gate voltage.

Figure 5 shows the output characteristics of the
device with sidewall=0.15um, V=3V for various dop-
ing concentration. The lower the doping concentra-
tion, the wider the space-charge regions should be by
Eqgs.(6) and (7). So the effect of sidewall on device

performance may be reduced by decrease of the dop-

ing.
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Fig.4. Output characteristics with sidewall=0.15um
for various Vg.
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Fig.5. Output characteristics with sidewall=0.15um
and Vg=3V for various doping concentration.

4. Conclusion

Between the source/drain and gate of SiC SBSD-
MOSFETSs that utilize metal replacing heavily doped
SiC with the source/drain regions, there must be a
sidewall as isolation. The width of sidewall strongly
affects the device performance. The effect of sidewall
on the performance of 6H-SiC SBSD-NMOSFET is
simulated with a 2D numerical simulator MEDICI.
The simulated results show that saturation current
and transconductance of the device slightly decrease
for the width of sidewall less than 0.1ym. When the
width of sidewall exceeds 0.1pm, the conduction does
not occur until the drain voltage is high enough, and
the saturation current sharply decreases. The effect of
the sidewall on device performance can be reduced by
decreasing the doping concentration in the epitaxial
layer. These results should be of practical significance

for device design and fabrication.
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