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Abstract - The current-voltage characteristics of Al/Ti/4H-SiC Schottky barrier diodes (SBDs) 

have been investigated in the 85-445 K temperature range by means of a combined numerical 

and analytical simulation study. Simulation results showed a good agreement with 

measurements in the whole explored current range from 10 µA to 10 mA. The main device 

electrical parameters, namely the barrier height and ideality factor, were found to be strongly 

temperature-dependent. In particular, the ideality factor decreases while the barrier height 

increases with increasing temperature. The observed behaviours have been successfully 

interpreted by using the thermionic emission (TE) theory with a triple Gaussian distribution of 

the barrier height (BH) in three different temperature ranges, i.e. 85 ≤ ΔT1 ≤ 135 K, 

180 ≤ ΔT2 ≤ 270 K, and 315 ≤ ΔT3 ≤ 445 K. The corresponding Richardson constants are 

A1
* = 149.26 A·cm-2K-2, A2

* = 138.19 A·cm-2K-2, and A3
* = 173.21 A·cm-2K-2, respectively. 

These values are close to the theoretical result of 146 A·cm−2K−2 expected for n-type 4H-SiC. 

Finally, it has been highlighted that the current flowing through the Schottky junction is also 

determined by the thermionic field emission (TFE) mechanism. 
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1. Introduction 

Silicon carbide (SiC) has recently gained a great attention as a wide band-gap semiconductor 

to be used in high-frequency high-power applications requiring high-temperature operation 

and/or high radiation-damage resistance.1-5) The excellent electronic properties in terms of 

breakdown electric field strength, thermal conductivity, and relatively high electron mobility 

make SiC attractive for fabrication of power devices with die-sizes and reduced power losses.6) 

In this context, SiC-based Schottky contacts have been extensively proposed for 

understanding the material physics and to lead the design of new devices for harsh-

environments.7,8) In particular, during the last decade, many publications treated about the use 

of the aluminium/titanium (Al/Ti) alloy for fabrication of high-performance Schottky 

diodes.9-12)   

The current-voltage (I-V) characteristics of Schottky barrier diodes (SBDs) measured at 

room temperature do not provide detailed information about the nature of the barrier and the 

charge transport processes at the metal-semiconductor (MS) interface. On the contrary, the 

temperature dependent I-V behaviours are useful for giving a better understanding of the 

conduction mechanisms through the MS interface.13,14) The fundamental mechanisms of carrier 

transport through the barrier might be, in principle, thermionic emission (TE), thermionic-field 

emission (TFE), recombination-generation (RG), and tunneling phenomena through the 

barrier.15)  

Titanium (Ti) is traditionally used as Schottky contact because it has a low Schottky barrier 

height (SBH) which results in a low forward voltage drop. However, Ti/SiC SBDs often show 

undesirable I-V characteristics that reveal abnormal variations of both the barrier height (BH) 

and ideality factor with temperature.16,17) Several explanations for the origin of such anomalies 

have been proposed for a large variety of structures by taking into account the interface state 

density distribution,18) the recombination and quantum-mechanical tunneling,19,20) the image-

force lowering,21) and the lateral distribution of BH inhomogeneities 22,23) as well as the unusual 

high level of TFE dominating the device current capabilities.24) In order to attain a complete 

understanding of the Schottky diode characteristics it is therefore necessary to model the I-V-T 

curves by using detailed physical models starting from specific assumptions.25,26)  

In this paper, the experimental forward I-V characteristics of Al/Ti/4H-SiC SBDs are 

investigated by means of a combined numerical and analytical simulation study which involves 

different current transport mechanisms in a wide range of temperatures (85-445 K). More in 

detail, by decreasing the temperature, an increase of the diode ideality factor, a decrease of the 
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apparent barrier height, and significant deviations from linearity of the Richardson plot are 

shown. The temperature dependencies of the current transport parameters have been 

successfully explained on the basis of the TE mechanism by assuming the coexistence of a 

triple Gaussian distribution of the barrier height around the MS interface in three different 

temperature ranges. Finally, the current through the junction appeared also influenced by the 

TFE theory that allows to properly fit the experimental ideality factor behaviour especially at 

low temperatures.  

 

2. Device structure 

A schematic cross sectional view of the 4H-SiC Schottky diodes considered in this work is 

shown in Fig. 1 (plot not in scale).  

The experimental devices were fabricated and provided by the CNR-Institute for 

Microelectronics and Microsystems (IMM), unit of Bologna (Italy). They are based on a 

commercial available <0001> 7°62’ off-axis n/n+4H-SiC epitaxial wafer with a resistivity of 

0.021 Ω×cm. The epi-layer is 16.5 μm-thick and has a net doping density of 3×1015 cm-3. The 

fabrication process involves standard technological steps ensuring good reproducibility of the 

samples. A sequence of Ti (80 nm) and Al (350 nm) was deposited by sputtering and then 

photolithography and wet chemical etching were used to define Schottky square contacts with 

an active area of 2.25×104 µm2. Finally, a 150 nm-thick nickel (Ni) film was deposited on the 

n+ back surface of the wafer to form the cathode contact and an annealing treatment was 

performed in vacuum at 1000 °C for 2 min.  Further details about the diode fabrication process 

are provided in Refs. 17, 27, and reference therein. 

 

3. Physical models and parameters 

The numerical simulation analysis of the diode current-voltage-temperature (I-V-T) 

characteristics was carried out by using the Atals-Silvaco 2D physical simulator 28) solving the 

Poisson’s equation and the carrier continuity equations for a finely meshed device structure.  

In order to fit the experimental curves, we carefully taken into account fundamental 

physical models such as the Shockley–Read–Hall (SRH) and Auger recombination processes, 

the band-gap temperature dependence and apparent band-gap narrowing (BGN), the 

concentration and temperature-dependent carrier mobility, the incomplete ionization of 

dopants, and the Schottky thermionic emission model involving the field-dependent barrier 
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lowering effect. 

The temperature dependence of the 4H-SiC band-gap is assumed in the form of 29) 

𝐸𝑔(𝑇) = 𝐸𝑔0 − 𝛼(𝑇 − 300)                                                (1) 

where α = 3.3 × 10-4 eV/K is a specific material parameter, and Eg0 = 3.26 eV is the band-gap 

energy at T = 300 K. 

An apparent band-gap narrowing effect as a function of the activated doping in the n-type 

and p-type regions, i.e. ∆Egn and ∆Egp, respectively, is accounted for according to the 

Lindefelt’s model of the band edge displacements:30) 

∆𝐸𝑔𝑛,𝑝 = 𝐴𝑛,𝑝(
𝑁𝐷,𝐴
+ −

1018
)
1
2⁄ + 𝐵𝑛,𝑝(

𝑁𝐷,𝐴
+ −

1018
)
1
3⁄ + 𝐶𝑛,𝑝(

𝑁𝐷,𝐴
+ −

1018
)
1
4⁄                             (2) 

where An,p, Bn,p and Cn,p, are appropriate 4H-SiC constants listed in Table I.31) 

For the doping- and temperature-dependent low-field carrier mobility, the Caughey and 

Thomas mobility model is used: 32) 

𝜇𝑛,𝑝 = 𝜇0𝑛.𝑝
𝑚𝑖𝑛 (

𝑇

300
)𝛼𝑛𝑝 +

𝜇0𝑛.𝑝
𝑚𝑎𝑥(

𝑇

300
)𝛽𝑛.𝑝−𝜇0𝑛 𝑝

𝑚𝑖𝑛(
𝑇

300
)𝛼𝑛.𝑝

1+(
𝑇

300
)
𝛾𝑛.𝑝

(
𝑁

𝑁𝑛.𝑝
𝑐𝑟𝑖𝑡)

𝛿𝑛.𝑝
                                    (3) 

where N is the local concentration of the ionized impurities and the parameters 𝜇0
𝑚𝑖𝑛, 𝜇0

𝑚𝑎𝑥, 

𝑁𝑐𝑟𝑖𝑡, 𝛼, 𝛽, 𝛾, and 𝛿 are taken from Refs. 29 and 32 and summarized in Table II. 

Assuming the Fermi-Dirac statistics, the incomplete ionization of impurities can be 

expressed by means of 31,33) 

𝑁𝐴,𝐷
−+ = 𝑁𝐴,𝐷

(

 
 
 
−1+√1+4𝑔𝑉,𝐶

𝑁𝐴,𝐷

𝑁
𝑉,𝐶
(𝑇) 𝑒

∆𝐸𝐴,𝐷
𝑘𝑇

2𝑔𝑉,𝐶
𝑁𝐴,𝐷

𝑁
𝑉,𝐶
(𝑇) 𝑒

∆𝐸𝐴,𝐷
𝑘𝑇

)

 
 
 

                                                   (4) 

where ND and NA are the n-type and p-type doping concentrations, ∆ED and ∆EA are the donor 

and acceptor energy levels, and gC = 2 and gV = 4 are the appropriate degeneracy factors of the 

conduction and valence band, respectively. NC and NV are the electron and hole density of states 

varying with temperature as given by 31) 

𝑁𝐶,𝑉(𝑇) = 𝑁𝐶,𝑉 300 (
𝑇

300
)
3
2⁄

 .                                                   (5) 
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Here, NC 300 = 1.66×1019 cm-3 and NV 300 = 3.29×1019 cm-3 are the electron and hole density of 

states at room temperature. 

The Auger and SRH recombination rates are modelled using the standard expressions 34)  

𝑅𝐴𝑢𝑔𝑒𝑟 = (𝐶𝑛𝑛 + 𝐶𝑝𝑝)(𝑛𝑝 − 𝑛𝑖
2)                                                       (6) 

 

𝑅𝑆𝑅𝐻 =
𝑛𝑝−𝑛𝑖

2

𝜏𝑛(𝑝+𝑛𝑖𝑒𝑥𝑝(−
𝐸𝑡𝑟𝑎𝑝

𝑘𝑇
))+𝜏𝑝(𝑛+𝑛𝑖𝑒𝑥𝑝(

𝐸𝑡𝑟𝑎𝑝

𝑘𝑇
))

                                           (7) 

where Cn = 5×10-31 cm6s-1 and Cp = 2×10-31 cm6s-1 are the Auger coefficients,35) Etrap is the 

difference between the trap energy level and the intrinsic Fermi level, and τn and τp are the 

carrier lifetimes modeled through the semi-empirical formula proposed in Ref. 36 considering 

a temperature dependence described by a power law 29) 

𝜏𝑛,𝑝 =
𝜏0𝑛,𝑝(

𝑇

300
)
𝜃𝑛,𝑝

1+(
𝑁

𝑁𝑛,𝑝
𝑆𝑅𝐻)

  .                                                    (8) 

Here, N is the local doping concentration, τ0n = 500 ns and τ0p = 100 ns are process-dependent 

parameters, and Nn,p
SRH = 5 × 1016 cm-3 is a reference constant.37) 

Finally, the barrier height ∅𝐵 is modelled with the standard expression 15) 

∅𝐵 = (θ𝑀 − χ𝑠)                           (9) 

where the metal work function θ𝑀was fixed to 4.33 eV,38) and the electron affinity χ𝑠was used 

as fitting parameter as in Ref. 39. 

It must be noted that the assumed simulation setup has also been used in other recent 

manuscripts of ours,40-44) and it is supported by experimental results on both Schottky and p-i-n 

diodes.9,45-47) 

 

4. Results and discussion 

4.1 I-V-T characteristics 

The measured and simulated forward I-V-T curves of the considered Al/Ti/4H-SiC SBDs for 

ten different temperatures from 85 K to 445 K are shown in Fig. 2. For the measurements, an 

Agilent HP4155B semiconductor parameter analyser was used. The diodes were current biased 

in the range 10 µA ≤ I ≤ 10 mA with a current resolution of 10 nA. 
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It is worth noting that the numerical simulation results are in good agreement with the 

experimental data. During the simulations, a shunt resistance in the order of 1.3×105 Ω was 

added to account for the diode low-voltage resistance effects due to the side-wall leakage and 

other leakage paths in the device structure.  

By assuming the TE theory in the current range where the series resistance effect is 

negligible for each temperature, the current-voltage conduction model can be considered in the 

form of  48) 

𝐼 = 𝐼0 𝑒𝑥𝑝
(
𝑞𝑉

𝑛𝑘𝑇
) [1 − 𝑒𝑥𝑝(−

𝑞V

𝑘𝑇
)]          (10) 

where 𝑛 is the ideality factor, 𝑉 is the diode bias voltage, q is the electronic charge, 𝑘 is the 

Boltzmann constant, and 𝐼0  is the saturation current given by: 

𝐼0 = 𝐴𝐴
∗𝑇2𝑒(−

𝑞∅𝐵
𝑘𝑇
)
     (11) 

where ∅𝐵 is the barrier height, A is the area of the diode, and 𝐴∗ is the Richardson constant that 

takes into account the quantum mechanical reflections and tunneling phenomena. Its value is 

theoretically in the order of 146 Acm−2K−2 for n-type 4H-SiC.49)  

From the experimental I-V-T curves in Fig. 2 we extracted the fundamental diode 

parameters 𝐼0, ∅𝐵, and 𝑛 similarly to Ref. 50. In particular, at each temperature, the saturation 

current 𝐼0 was determined from the intercept of the plot 𝑙𝑛(𝐼) vs. 𝑉 for 𝑉 = 0. Afterwards, the 

barrier height ∅𝐵 was calculated from Eq. (11) resulting ∅𝐵 = (𝑘𝑇 𝑞⁄ )𝑙𝑛(𝐴𝐴∗𝑇2 𝐼0⁄ ). Finally, 

the ideality factor 𝑛 was extracted determining the slope of the linear region of the curves 

𝑙𝑛(𝐼) vs. 𝑉 for 50 ≤ I ≤ 500 µA. 

The 𝑛 and ∅B behaviours as a function of temperature are shown in Fig. 3. As can be seen, 

the ideality factor decreases while the barrier height increases with increasing temperature. 

By considering Eq. (11) in the form of 𝑙𝑛(𝐼0 𝑇
2⁄ ) = 𝑙𝑛(𝐴𝐴∗) − (𝑞 𝑘𝑇⁄ )∅𝐵, the Arrhenius 

plot of term ln(I0/T
2) against 1000/T is shown in Fig. 4. 

The Arrhenius plot shows a significant deviation of the term ln(I0/T
2) from linearity at low 

temperatures and the data fit asymptotically to a straight line only at higher temperatures 

(T > 270 K). From the slope of this straight line, an activation energy of 0.82 eV was obtained. 

At the same time, from the line intercept with the ordinate axis, the Richardson constant A* 

results 4.64×10-4 A·cm-2K-2, namely a much lower value than the theoretical one expected for 

n-type 4H-SiC. 
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The presented results seem to predict current transport mechanisms not following the pure 

TE theory and the existence of barrier inhomogeneities need to be evaluated. 

 

4.2 The image force effect 

In order to understand the factors influencing the BH lowering and the ideality factor increase 

with decreasing temperature, the image-force effect was considered at first. In particular, the 

BH lowering due to the image-force mechanism was modelled in the form of 51) 

∆∅ = {(
𝑞3𝑁

8𝜋2𝜀𝑠
3) [∅𝐵 − 𝑉 − 𝜁 −

𝑘𝑇

𝑞
]}
1/4

    (12) 

where V is the applied bias voltage, ℰs = 9.6ℰ0 is the material permittivity, N is the ionized 

impurity concentration, and ζ= kT ln(NC/ND). 

The calculated ∆∅ varies from 8.816 meV to 16.983 meV in the 85-443 K temperature 

range for the barrier height ∅B ranging from 0.421 eV to 1.305 eV as in Fig. 3. These results 

point out that the influence of the barrier lowering due to the image-force on ∅B is nearly 

constant and the image-force effect alone cannot determine the observed device characteristics. 

At the same time, the diode ideality factor can be calculated by using the following 

expression 51) 

1

𝑛
= 1 −

1

4
(
𝑞3𝑁

8𝜋2𝜀𝑠
3)

1

4
[∅𝐵 − 𝑉 − 𝜁 −

𝑘𝑇

𝑞
]
−
3

4
          (13) 

It varies from 1.006 to 1.014 showing a negligible effect of the image-force lowering on the 

device forward current behaviour. In addition, the n value is very close to 1 predicting an almost 

unrealistic homogenous barrier at the diode interface. 

 

4.3 Inhomogeneous barrier analysis 

In this section, the ∅B and n anomalous behaviours reported above are explained by assuming 

spatially inhomogeneous barrier heights and potential fluctuations at the Schottky interface that 

consist of low and high barrier areas as suggested by Werner and Guttler in Ref. 23. More in 

detail, the spatial barrier inhomogeneities in SBDs are described by assuming a Gaussian 

distribution ρ(∅𝐵) of the SBH with a standard deviation σ around a mean value ∅𝐵̅̅̅̅ : 

𝜌(∅𝐵) =
1

σ√2𝜋
𝑒
−
(∅𝐵−∅𝐵

̅̅ ̅̅ )
2

2σ2   .                                 (14) 
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The pre-exponential term is a normalization constant. The total forward current across the 

Schottky barrier diode is given by: 

𝐼 = ∫ 𝑖(𝑉, ∅𝐵)𝜌(∅𝐵)𝑑∅𝐵                       (15) 

where 𝑖(V, ∅B) is the current based on the TE model in Eq. (10). It is assumed that ∅̅B and σ are 

linearly bias-dependent on Gaussian parameters as follows: 

∅B̅̅̅̅ = ∅̅𝐵0 + ρ2V                                        (16) 

  

σ2 = σ0
2  + ρ3V                    (17) 

where ∅̅𝐵0 and 𝜎0 are the zero-bias reference parameters, and ρ2 and ρ3 are temperature-

independent voltage coefficients which model the voltage deformation of the barrier 

distribution. 

By introducing 𝑖(V, ∅B) and ρ(∅𝐵) from Eqs. (10) and (14) into Eq. (15), and performing 

the integration we can write: 

𝐼 = 𝐴𝐴∗𝑇2 [−
𝑞

𝑘𝑇
(∅̅𝐵0 −

𝑞𝜎0
2

2𝑘𝑇
)] 𝑒𝑥𝑝 (

𝑞𝑉

𝑛𝑎𝑝𝑘𝑇
) [1 − 𝑒𝑥𝑝 (−

𝑞𝑉

𝑘𝑇
)]          (18) 

𝐼0 = 𝐴𝐴
∗𝑇2𝑒𝑥𝑝 (−

𝑞∅𝐵𝑎𝑝

𝑘𝑇
)           (19) 

where ∅𝐵ap and  𝑛ap are the apparent SBH and ideality factor in the form of 

∅𝐵𝑎𝑝=∅̅𝐵0 −
𝑞𝜎0

2

2𝑘𝑇
     (20) 

1

𝑛𝑎𝑝
− 1 = −𝜌2 +

𝑞𝜌3

2𝑘𝑇
  .                               (21) 

The plot of the apparent barrier height and ideality factor as a function of 𝑞/2𝑘𝑇 aids to 

characterize the behaviour of the inhomogeneous potential barrier as shown in Fig. 5 and Fig. 6, 

respectively. 

From Fig. 5, ∅̅𝐵0 is the intercept and σ0 is the slope of the straight line of the best linear fit 

calculated considering three different temperature ranges, namely 85 ≤ ΔT1 ≤ 135 K, 

180  ≤  ΔT2 ≤ 270 K, and 315 ≤ ΔT3 ≤ 445 K. In particular, the ∅̅𝐵0 and σ0values are 1.05 eV 

and 0.096 in the range ΔT1, 1.543 eV and 0.15 in the range ΔT2, and 1.643 eV and 0.169 in the 

range ΔT3, respectively. 
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Similarly, from the plot of the term (𝑛ap
−1 − 1) vs. 𝑞/2𝑘𝑇 in Fig. 6, we calculated the 

coefficients ρ2 as the intercept and ρ3 as the slope of the straight line which fits the diode data 

for each temperature range. It results, ρ2 = 0.403 V and ρ3 = -0.005 V in the range ΔT1, 

ρ2  =  0.141 V and ρ3 = -0.012 V in the range ΔT2, and 𝜌2 = 0.276 V and ρ3 = -0.004 V in the 

range ΔT3, respectively. 

This analysis, predicting three different Gaussian distributions of the barrier height at the 

Ti/4H–SiC interface, suggests that the current transport is controlled in turn by different 

mechanisms at different temperature ranges. More in detail, the temperature dependence of the  

density of states in the n-type 4H-SiC conduction band (see Eq. (5)) contributes to the reduction 

of the energy difference between the conduction band minimum EC and the Fermi level EF 

expressed by  

 

(𝐸𝐶 − 𝐸𝐹) = 𝑘𝑇𝑙𝑛 (𝑁𝐶 𝑁𝐷⁄ ) .                                (22) 

Although, the ideal barrier height ∅𝐵  in Eq. (9) is not affected by this difference, an effective 

reduction of the term (𝐸𝐶 − 𝐸𝐹) tends to increase the tunneling effects through the barrier 

determining de facto different behaviours of the apparent barrier height  ∅𝐵ap with temperature.  

Finally, by combining Eqs. (19) and (20), we obtain: 

𝑙𝑛 (
𝐼0

𝑇2
) − (

𝑞2𝜎0
2

2𝑘2𝑇2
) = 𝑙𝑛(𝐴𝐴∗) − (

𝑞∅𝐵0̅̅ ̅̅ ̅̅

𝑘𝑇
) .         (23) 

The slope and the intercept of the linear fitting of the plot 𝑙𝑛(𝐼0 𝑇
2⁄ ) − (𝑞2𝜎0

2 2𝑘2𝑇2⁄ ) vs. 

𝑞/𝑘𝑇  (see Fig. 7) allow to determine ∅̅𝐵0 and A* as follows: 1.05 eV and 149.26 A·cm-2K-2 in 

the range ΔT1, 1.543 eV and 138.19 A·cm-2K-2 in the range ΔT2, and 1.649 eV and 

173.21 A·cm-2K-2 V in the range ΔT3, respectively. 

It is worthwhile noting that  ∅̅𝐵0 is in good agreement with the results in Fig. 5. At the same 

time, the modified Richardson constants are close around the expected theoretical value. 

 

4.4 Thermionic field emission transport 

If the current transport is controlled by the thermionic field emission theory, the relationship 

between the diode current and voltage can be expressed by using 51)  

𝐼 = 𝐼0 𝑒𝑥𝑝
(
𝑞𝑉

𝐸0
)
              (24) 
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where the term E0 is related to the tunnel phenomena that increase for increasing temperatures 

and it is defined by means of the characteristic tunneling energy E00 as follows: 

𝐸0 = 𝐸00coth (
𝐸00

𝑘𝑇
)   (25) 

𝐸00 =
𝑞ℎ

4π
(
𝑁𝐷

𝑚∗𝜀𝑠
)
1/2

  .   (26) 

Here, h is the Planck constant and m*= 0.2 m0 is the effective electron mass.52) 

Depending on the diode temperature, if E0 tends to kT, i.e. kT  >> E00, the current transport 

corresponds to the ideal thermionic emission. On the other hand, for temperatures such those 

kT~E00 the thermionic field emission should be considered and the ideality factor of the I-V 

curves is calculated from Eqs. (24) and (25) as n = E0/kT. 

By considering the current mechanisms through the junction dominated by the TFE effect, 

the ideality factor behaviour as a function of the temperature for different values of E00 is shown 

in Fig. 8. Here, the n values extracted from the experimental I-V curves in Fig. 2 are also 

reported for comparison. 

It is observed that the experimental dependence of n from temperature is in good agreement 

with the theoretical curve for E00 = 31.5 meV up to T is in the limit of about 230 K. This value 

of E00 corresponds in Eq. (26) to a theoretical donor concentration in the order of 6×1018 cm-3. 

In accordance with the analysis developed in Ref. 53, we can assume that the energy E00 

determines the real BH profile. From Eq. (26), its value is mainly related to the effective carrier 

concentration and dielectric constant as well as to the density of states through the electron 

mass. In other words, depending on the diode operation conditions (i.e., bias voltage and 

temperature) a local enhancement of the electric field can determine a local reduction of the 

barrier height and therefore an enhanced tunneling probability.   

 

5. Conclusion 

In this work, we have simulated the I-V-T characteristics of Al/Ti/4H-SiC Schottky barrier 

diodes to study the effect of temperature on the main device electrical parameters. By fitting 

the experimental results in the 85-443 K temperature range, we found an increase of the barrier 

height and a decrease of the ideality factor with increasing temperature. The origin of these 

behaviours has been explained on the basis of the thermionic emission mechanism with a triple 

Gaussian distribution of the barrier heights around the Ti/4H–SiC interface in three different 
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temperature ranges. The corresponding Richardson constants were in good agreement with the 

expected theoretical value of 146 A·cm−2K−2 for n-type 4H-SiC. 

Different current transport mechanisms have been investigated. In particular, the effect of 

the image force on the I-V-T curves cannot alone determine the observed device characteristics, 

predicting an almost unrealistic homogenous barrier at the diode MS interface. On the contrary, 

the current through the junction appeared influenced by the thermionic field emission theory 

that allows to properly fit the ideality factor behaviour up to temperatures in the limit of 230 K.  
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Figure Captions 

 

Fig. 1. Al/Ti/4H-SiC Schottky barrier diode schematic cross section. 

 

Fig. 2. Experimental (dotted lines) and simulated (solid lines) current–voltage characteristics 

of the Al/Ti/4H-SiC Schottky diode at different temperatures. 

 

Fig. 3. Ideality factor and barrier height behaviours as a function of temperature for the device 

in Fig. 2. 

 

Fig. 4. Arrhenius plot of 𝑙𝑛(𝐼0 𝑇
2⁄ ) vs. 1000/𝑇. 

 

Fig. 5. ∅𝐵ap vs. 𝑞/2𝑘𝑇  according to a Gaussian distribution of the SBH. 

 

Fig. 6. (𝑛ap
−1 − 1) vs. 𝑞/2𝑘𝑇  according to a Gaussian distribution of the SBH. 

 

Fig. 7. 𝑙𝑛(𝐼0 𝑇
2⁄ ) − (𝑞2𝜎0

2 2𝑘2𝑇2⁄ ) vs. 𝑞/𝑘𝑇 according to a Gaussian distribution of the SBH. 

 

Fig. 8. (Solid lines) Ideality factor as a function of the temperature for different values of E00. 

(Dots) n values extracted from the experimental I-V curves in Fig. 2. 
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Table I. Apparent band-gap narrowing parameters. 

 n p 

A 1.17×10-2 1.54×10-3 

B 1.50×10-2 1.30×10-2 

C 1.90×10-2 1.57×10-2 
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Table II. 4H-SiC carrier mobility parameters. 

   n    p 

𝜇0
𝑚𝑖𝑛(cm²/V·s)  40  15.9 

𝜇0
𝑚𝑎𝑥(cm²/V·s)  950  125 

𝑁𝑐𝑟𝑖𝑡 (cm−3)  2×1017  1.76×1019 

𝛼 -0.50 -0.50 

𝛽 -2.40 -2.15 

𝛾 -0.76 -0.34 

𝛿  0.76  0.34 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 

 

 


