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Abstract: We investigate the effects of the surface states on the Schottky contacts in 4H-SiC MESFET. The Ti/Pt/Au gate
metal contacts are deposited by electron beam evaporation and patterned by a lift-off process. Based on thermionic theo-
ry,a simple parameter extraction method is developed for determination of the surface states in metal/4H-SiC Schottky
contacts. The interface state density and interface capacitance are calculated to be 4.386 X 10”cm ™ ? « eV ™' and 6. 394 X
107°F/cm? ,which are consistent with the device’s terminal characteristics.
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) 2 Experiment
1 Introduction
The basic device structure of the MESFET is

presented in Fig. 1. The epitaxial layer structures were
prepared by CVD on n* (0001) substrates with an off-
axis of 7. 88" supplied by CREE. This layer consists of
three layers:a p-type buffer layer with a thickness of
5um and a doping of 2.0x10"cm ®,an n-type active
layer 0. 12~0. 2um thick and doping N4 =1. 15X 10"

3

Among various type of SiC polytypes and elec-
tronic devices,the 4H-SiC MESFET shows the highest
potential for high frequency operations. However,
since 4H-SiC is at a young technological stage, many
questions have been raised concerning the capabilities
and design of 4H-SiC devices'’ . The fabrication of re-
liable MESFET requires stable gate characteristics. To
date,SiC MESFETs have suffered from poor stability
due to the presence of surface states that influence the

cm °,and an n' contact layer with thickness and do-
ping of 0.2um and N, = 10" cm °. The gate contact
was first formed by reactive ion etching. Ohmic con-

tacts to the source and drain were formed by sintering

Schottky barrier height (SBH) and cause degradation
of both DC and RF performance® . Many authors
have investigated the characteristics of Schottky con-
tacts using I-V and C-V methods™ "' ,but none gave a
method to calculate the interface capacitance and the
neutral interface level of SiC Schottky contacts that
are unknown. A simple method is needed to obtain the
parameters of Schottky contact properties.

In this paper.a simple method is presented to ex-
tract the parameters of Schottky contact properties,
including the ideality factor n,SBH ¢z, specific resis-
ter R,, interface state density D, , interface capaci-
tance C,;, and neutral interface level ¢,. A 4H-SiC
MESFET is designed and fabricated and its gate
Schottky contacts performance is measured and ana-
lyzed with the presented method in detail.

nickel. The gate was 0. 8um long and was patterned
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Fig.1 Schematic cross section of MESFET
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Fig. 2
Schottky diodes

Forward voltage-current characteristics of 4H-SiC

lift-off
process. The Ti/Pt/Au gate metal contacts were de-

using electron beam lithography and a
posited by electron beam evaporation and patterned
by a lift-off process. The source gate distance is
0. 3pm and the gate drain distance is 0. 8pm.

3 Model and discussion

Using the thermionic emission theory,the current
though the SiC Schottky contact can be expressed as
_ * 2 _ Q¢B q_V —

I = AA" T exp( kT)[eXp<nkT) 1] (D
where A is the diode area and A" is Richardson’s

constant. At a low forward voltage, the ideality factor

is given by

= i X ﬂ
kT  9dInl

At higher forward voltage,Equation (1) is written as

exp[r%(v —nm}— 1} (3)

(2)

n

I=AA" T exp| - ‘;{?)

where

RS:<1—alnI><M)/<“) )

IV q IV
is the series resistance.

Figure 2 shows the [-V characteristics of the
Schottky diodes. The symbols represent the measured
data and the line is the simulated results. From Eqs.
(2) and (4),we can obtain the ideality factor n =
= 3.7 X 10*'Q
(35.5mQ + ¢cm?®) . The ideality factor n is large, which

2.12, and the series resistance R,

comes from the interface states, residual defects, and
surface roughening of the Schottky barrier diode.

For low reverse voltage, we assume that the cur-
rent-voltage characteristics of a SiC Schottky contact
obey the thermionic current theory:

1 = AA” Tzexp(— qd)B)[exp(%)— 1] (5

kT
where the barrier height can be expressed as
AA T 1
$p = — ﬂln qV (6)
a "exp(fg) 1

Taking the interface electric field into account, the
SBH can be described as™’

5 10 15 20 25 30
E _/(10°V/cm)

Fig.3 Dependence of barrier height and image force lowering
on clectric field strength
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The term with the square root dependence on the e-
lectric field corresponds to the image force, while the
linear term corresponds to the interface layer. ¢ is
the zero-field barrier height.A is a constant with the
dimension of thickness.,e, is the relative dielectric per-
mittivity of the semiconductor, and Ey is the magni-
tude of the electric field at the metal/semiconductor
interface, which can be obtained by

M =

€0€&s

(8

From Eqgs. (2), (3) and (4),an approximately

linear relationship between ¢5 + /ﬂ and E, is
4dreges

concluded. From the lines shown in Fig. 3,three linear
regions at 0~50V,50~100V and 100~150V are fit-
ted. However, only at low reverse voltage does the
thermionic current theory hold. In this region,param-
eter A can be extracted as'®

-1

A= e @D+ ) (9
where ¢; and ¢ are the permittivity and the thickness
of the interfacial layer, respectively. The calculated
values are ¢g = 0. 75¢V., A = 2. 83nm. When the inter-
face states are in equilibrium with the semiconductor,
the equation can be written as™™

€

gD, = Ei(n -1) - Cq (10)

where C, is the space charge capacitance, which va-
ries with the applied voltage as

C. = geoesNp
e

By combining Eqgs. (9) ~ (11), D;, = 4. 386 X 10"
cm ?+eV !'and C,(g/8) =6.394X10 °F/cm? can be
obtained.

(1)

According to the interfacial layer model, g can
be expressed as-*
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Fig.4 Measured and simulated reverse voltage-current charac-
teristics of 4H-SiC Schottky diodes

b = 7y =+ A= (12)

y =1/ + gD:i/C» (13)
$n is the work function of the metal, y is the electron
affinity of the semiconductor, E, is the band-gap en-
ergy of the 4H-SiC material.and ¢, is the neutral level
of the interface states measured from the top of the
valence band E, . Substituting the values of the param-
eters obtained above in Egs. (12) and (13), the neu-
tral level of the interface states ¢, = 0. 66eV.

Figure 4 shows the reverse I-V characteristics of

_¢O>

< |

the Schottky contact calculated with the extracted pa-
rameters. Compared with the measured data,the sim-
ulation data is in good accordance with the experi-
mental data in the range of less than 50V. The small
discrepancy is due to the tunneling current, which in-
creases as the electric field increases. When the re-
verse voltage exceeds 50V, there is a significant dis-
crepancy between the two curves since the Thermion-
ic theory is no longer suitable.

4 Conclusion

A simple parameter extraction method based on

thermionic theory has been developed for metal/4H-
SiC Schottky contacts. By comparing the experimental
data and the simulation results, we extract many of
the functional material characteristics and device pa-
rameters for 4H-SiC devices. Among the functional
parameters extracted are the ideality factor n,Schott-
ky barrier height ¢, specific resister R, interface
state density Dy ,interface capacitance C;,and neutral
interface level ¢,. The extracted interface states pa-
rameters are consistent with the devices’ terminal
characteristics.
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