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agreement with measurements for a bias current ranging from 100 nA up to 10 mA. The main device
parameters, such as the barrier height and ideality factor are found strongly temperature-dependent. The
observed behaviours are interpreted by using the thermionic emission (TE) theory with a single Gaussian

Keywords: distribution of the barrier height (BH). The corresponding Richardson constant is A* = 148.8 Acm—2K-2.
Schottky barrier This value is close to the theoretical one of 146 Acm~—2K~2 for n-type 4H-SiC.
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1. Introduction

Silicon Carbide (SiC) is a promising semiconductor for sensing applications due to its excellent electrical and physical properties [1,2].
The wide bandgap energy and low intrinsic carrier concentration allow SiC-based devices to be functional at high temperatures. The most
commonly used metal for Schottky contacts are titanium (Ti) and Nickel (Ni). However, their large-scale diffusion is limited by the high
density of defects at the interface and the high temperature of the annealing process [3]. For that reason, Tungsten (W) is considered
as a promising candidate for the fabrication of Schottky barrier diodes (SBDs). Starting from the experimental results on Mo/4HSiC SBDs
reported in [3], in this paper, the measured Ip-Vp characteristics of W/4H-SiC SBDs are investigated by means of a numerical simulation
study in the 303-448 K temperatures range. The temperature dependencies of the current transport parameters are explained with the
assumption of the existence of Gaussian distribution of the Schottky barrier around the W/4H-SiC interface.

2. Device structure and simulation models

The schematic cross section of the SBDs considered in this work is shown in Fig. 1. The substrate used for the experimental devices
was a n-type 4H-SiC <0001> from Cree Inc. The epi-layer is 10-pm-thick and it has a net doping density of about 1.3 x 1016 cm~3. The
diodes have a circular geometry with a diameter of 200 pm.

The Schottky contacts are formed by depositing tungsten through an electron-beam (e-beam) lithography evaporation technique at a
pressure of 1 x 10-° Pa. Then, the annealing process is performed in an open furnace at 500 °C under an N, flow of about 1000 sccm.
Finally, the backside ohmic contact of the wafer is formed by e-beam deposition of a 250-nm-thick molybdenum film, followed by an
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Fig. 1. W/4H-SiC Schottky barrier diode schematic cross section.

Table 1
Physical models and reference parameters.
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annealing treatment at about 1070 °C in a vacuum furnace. Further details about the diode fabrication process are provided in [4], and
reference therein.

The numerical simulation analysis was carried out by using the 2D Atlas Silvaco simulator solving the Poisson’s equation and the carrier
continuity equations onto a finely meshed device structure [5]. The main physical models used during the simulations are summarized in
Table 1.

They include the Shockley-Read-Hall and Auger recombination processes [6,7], the apparent band-gap narrowing [8], and the con-
centration and temperature dependent carrier mobility involving also the high-field effects [9,10]. More in detail, in Table 1, Egqp is the
difference between the trap energy level and the intrinsic Fermi level, n; is the intrinsic carrier concentration, T, and 7, are the carrier
lifetimes, C, and Cp, are the Auger coefficients, Anp, Byp and Gyp, are appropriate 4H-SiC constants, N is the local concentration of the

ionized impurities, vsg; is the carrier saturated drift velocity, and u{)‘}j'}j, ;Lg}f’lg, N,C,fg, knp, and 8y are specific model parameters.

3. Results and discussion
3.1. Ip-Vp-T characteristics

The measuredand simulated forward Ip-Vp-T curves of the considered W/4H-SiC SBDs for seven different temperatures from 303 K to
448 K are shown in Fig. 2.
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Fig. 2. Measured (symbols) and simulated (solid lines) current-voltage curves of the W/4H-SiC Schottky diode at different temperatures.

The Schottky thermionic emission model accounting for the field-dependent barrier lowering effect was applied in order to fit the ex-
perimental curves. It is worth noting that the numerical simulation results are in good agreement with the experimental data. In addition,
these results could be further optimized by including the deep trap influence on the recombination processes. For the sake of simplicity,
this effect has been neglected in this work.

From Fig. 2, we extracted the fundamental diode parameters, namely the saturation current [0, the Schottky barrier height 05, and
the ideality factor n. The barrier height and ideality factor are found to be strong temperature dependent. The barrier height and ideality
factor are found to be strong temperature dependent. In particular, from the slope of the different straight lines in Fig. 2, by increasing
the temperature the ideality factor decreases while 0 increases. In particular, n = 1.071 and 0 = 1.104 eV at 303 K, and n = 1.048 and
O = 1.164 eV at 498 K.

The effective Richardson constant (A*) obtained from the classic Richardson plot is 1.23 A cm—2K-2 that is much lower than the value
calculated theoretically which is close to 146 A cm—2K-2 for n-type 4H-SiC [11]. The enormous difference between the theoretical value
o f A* and the extracted one from the temperature dependence of the (Ip-Vp-T) characteristics may be explained by the inhomogeneity of
the barrier.

3.2. Inhomogeneous barrier analysis

Fig. 3 shows the plot of zero-bias barrier height ¢y versus the ideality factor n.

The extrapolation of @g for n = 1 gives a homogeneous barrier height of approximately 1.287 eV. The significant increase of ¢z and
decrease of n with temperature are possibly caused by the Schottky barrier inhomogeneities, namely some lateral patches of different
barrier heights [12,13].

In order to evidence the presence of the barrier inhomogeneity, the temperature dependence of the ideality factor can be reported in
the form of a plot of nT vs. T [14]. This behavior for the investigated SBDs is reported in Fig. 4. Here, the dashed line represents the ideal
curve (n = 1).

The n(T) calculation shows a linear trend, nearly parallel to the straight line relative to the ideal Schottky contact. This result means
that the ideality factor can be expressed in the form n = 1 + To/T where Ty is a constant. This behavior, which is commonly referred
to the “Ty anomaly”, is typical of a real Schottky contact (with barrier inhomogeneities) [15]. The fit of the experimental data gives Ty =
2147 K.

The ¢y and n anomalous behaviors reported previously are explained by assuming spatially inhomogeneous barrier heights and po-
tential fluctuations at the Schottky interface that consist of low and high barrier areas. It is assumed that @z and o are linearly bias-
dependent on Gaussian parameters (fg = gy + 02V; 02 = 092 + p3V) [16]. The values obtained for @y, 0, 2, and p; are 1.286 eV,
97.4 meV, 3.65 mV, and —3.29 mV, respectively. The standard deviation is a measure of the barrier homogeneity where the lower value of
ogcorresponds to a more homogeneous barrier height.

However, the value of oy = 97.4 meV is not small if compared to the mean value of @gy = 1.286 eV (7.58%), which indicates the
presence of the barrier inhomogeneities. The slope and intercept of the linear fitting of the plot In(lo/T?) — (q?0Z/2k?T?) vs. q/KT in Fig. 5
allow to determine #gg = 1.287 eV and A* = 148.8 A cm~2K~2. These results are in perfect accordance with the expected theoretical value.

Fig. 6 shows the experimental Ip-Vp-T curves together with the ones simulated using the parameters determined from the Gaussian
distribution method. As can be seen, an excellent data agreement is achieved.
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Fig. 4. Plot of nT vs. T showing the T, effect.

3.3. Performance as temperature sensor

The performance of the W/4H-SiC SB diode as temperature sensor is evaluated for a fixed bias current by investigating the Vp-T data
as shown in Fig. 7.

In particular, for different values of Ip, the diode sensitivity (S) is extracted from the slope of the best linear fit as shown in Fig. 8.

Here, the plot of the coefficient of determination (R%), which determines the correlation between the measurements to a straight
line, is also reported. As we can see, the Vp -T curves show a remarkable degree of linearity and the diode sensitivity increases almost
monotonically from 1.28 mV/K up to 2.41 mV/K. Finally, the maximum R? = 0.99961 is calculated for I = 5.97 nA, corresponding to
S =233 mV/K
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Fig. 7. Vp-T data and relative best linear fit.
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Fig. 8. Diode sensitivity (S) and relative coefficient of determination (R2).

4. Conclusion

In this work we have simulated the Ip-Vp-T characteristics of a W/4H-SiC SBD to study the effect of temperature on the main device
electrical parameters. By fitting the experimental results in the 303-448 K temperature range, we found an increase of the barrier height
and a decrease of the ideality factor with temperature. The origin of these behaviors has been explained on the basis of the thermionic
emission mechanism with a single Gaussian distribution of the barrier heights at the 4H-SiC interface. The obtained results in terms of S
and R? suggest the use of the proposed device as temperature sensor.
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