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Abstract  

This research aims to study the impact of metal work function ϕm on the I–V characteristics of a n-

GaAs Schottky nanowire structure, using 3D Silvaco-Atlas software. The electrical characteristics 

have been performed in a wide temperature range of 300-550K. This allows us to study and discuss 

the influence of temperature and the metal work function ϕm on the performance of our proposed 

device. The results show a great dependence between ϕm and the electrical parameters. A decrease 

in current is observed with increasing ϕm, as well as an increase in barrier height with increasing ϕm 

and a decrease with increasing temperature.  

Keywords: n-GaAs; nanowire; Silvaco-Atlas; Schottky diode; the I–V characteristics. 
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1. Introduction 

Silicon is the primary material used in the manufacture of semiconductors today, and CMOS 

technology will likely continue to dominate the electronics market for many decades to come (Lin 

et al., 2014). But as the size of transistors shrinks, metal contacts and interconnects have become 

one of the most important problems.  

III-V semiconductor nanowires constitute a new class of nanoscale materials. They are 

considered the next frontier for ultrasmall, highly efficient semiconductors and therefore are widely 

studied in the context of electronic devices, optoelectronics (Saxena et al., 2013; Yang al., 2010), 

and nano-photonic circuits (Yan et al., 2009; Pauzauskie et al., 2006), such as LEDs, nano-lasers, 

optical switches (Law et al., 2004; Mayer et al., 2013), and waveguides. An active cylindrical III-

V nanowire with a diameter of a few hundred nanometers and a length of micrometers can 

effectively limit and guide optical waves inside the nanometer-scale gain medium, and it can also 

enable the optical integration of III-V semiconductor assets on existing silicon technologies. 

Future progress of these devices will depend on fabricating nanowires with precise control of 

their morphology, crystal structure, composition, doping, and quantum efficiency. 

Our work proposes an original strategy to study the Schottky contact metal effect on the 

electrical behavior of the n-GaAs Schottky nanowire in low and high temperatures, using Silvaco-

Atlas software. 

The current-voltage (I-V) characteristics of microelectronic devices provide fundamental 

parameters such as factor n, barrier height Φb, and series resistance RS. There are several methods 

to determine these parameters, such as Cheung and Cheung, Norde, and classical methods, but 

unfortunately there are some disagreements with him. As a result, we chose the Helal method (Helal 

et al., 2020 a), which is valid in low and high voltage as well as a wide temperature range. 

The structure is studied for different metal work functions ranging from 4.33 to 5.93 eV, for 

different temperatures (300°-550°K). The electrical parameters Φb, n and RS are extracted for each 

temperature, and we study their evolution according to the temperature.  

 

2. Simulation part  

The geometry of the n-GaAs Schottky nanowire structure is chosen according to the realistic 

fabrication process described by Wang et al. (20130 and Wu et al. (2016). The n-GaAs is of 200 

nm diameter and 1.5 μm length, with a concentration doping of Nd = 5×1017 cm-3. The Schottky and 

ohmic contacts are defined on the top and back sides, respectively, with 0.3 μm of thickness. The 

3D technological characteristics of the n-GaAs Schottky nanowire simulated are illustrated in 

Figure.1: 

 

 
 

Figure 1.  3D structure of n-GaAs Schottky nanowire 
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The effect of the interface states is neglected by taking low densities for donor and acceptor 

states of   1×1010 cm-2 eV-1. The work function of the Schottky contact is varied from 4.5 to 5.3 eV. 

The Silvaco-Atlas software takes into account all of the electrical properties of n-GaAs and its 

contacts, such as forbidden band properties Eg, electron affinity χ, dielectric constant ɛ, density of 

conductance states 𝑁𝑐, density of valance states 𝑁𝑣, electron mobility 𝜇𝑛, hole mobility 𝜇𝑝, work 

function of the metals Фm, etc., and uses the Poisson equation and the Continuity equation for 

electrons and holes as basic equations for the transport mechanisms. 

The Poisson equation is expressed as: 

 

𝑑𝑖𝑣(𝜀 𝛻 𝛹) = 𝜌                                                                                                                           (1) 

  

Where,  𝛹 is the electrostatic potential,  is the permittivity and is the space charge density. 

The continuity equations are given by: 

 
𝜕𝑛

𝜕𝑡
=

1

𝑞
 𝑑𝑖𝑣 𝑗𝑛 +  𝑔𝑛 −  𝑟𝑛                                                                                                      (2) 

 
𝜕𝑝

𝜕𝑡
=

1

𝑞
 𝑑𝑖𝑣 𝑗𝑝 +  𝑔𝑝 −  𝑟𝑝                                                                                                       (3) 

  

q is the electron charge, n and p are the electrons and holes concentrations, 𝑗𝑛 and 𝑗𝑝 are the 

electron and hole current densities, rn and rp are the recombination rates for electrons and holes, gn 

and gp are the generation rates for electrons and holes. 

The models used in this simulation are the Shockley-Read-Hall “SRH” recombination 

(Selberherr et al., 2012). Auger recombination rate “Auger” (Caughey et al., 1967) and 

concentration dependent mobility “CONMOB” (Selberherr et al., 1984). The numerical resolution 

methods are the Gummel and Newton methods. Finally, the temperature is varied from 300° to 550° 

K with a step of ∆T = 50 K. 

 

3. Results and discussions 

Figures (2-6) show that the structure presents the behavior of Schottky contact for all values 

of the Φm. It is observed that the current increases linearly with bias voltage and it decreases 

progressively with an increase of Φm. 
 

  

Figure 2.  (a) Linear forward bias I-V, (b) Semi-logarithmic I-V characteristics of n-GaAs 

Schottky nanowire for different temperatures (Φm =4.9 eV) 
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Figure 3.  (a) Linear forward bias I-V, (b) Semi-logarithmic I-V characteristics of n-GaAs 

Schottky nanowire for different temperatures (Φm=5.1 eV) 

 

For the reverse bias voltage, the reverse current Ir decreases with the increase of Φm and 

increasing temperature. For the forward and low bias voltage, the current increases linearly with 

bias voltage and shifts gradually toward the higher bias side with an increase of Φm. At high bias 

voltage, the linearity is deviated with an increase in bias voltage due to the effect of the series 

resistance (Helal et al., 2020 b; Helal et al., 2019). 

The current across the Schottky contacts is the thermionic emission mechanism, which is 

expressed by (Rhoderick et al., 1988; Sze et al., 2006): 

 

𝐼 = 𝐼𝑠 (𝑒𝑥𝑝 (
𝑞(𝑉−𝐼𝑅𝑠)

𝑛𝑘𝑇
) − 1)                                          (4) 

where 𝐼𝑠 is the saturation current expressed as: 

𝐼𝑆 = 𝐴𝐴∗𝑇2𝑒𝑥𝑝 (−
𝑞𝛷𝑏

𝑘𝑇
)                 (5) 

where 𝑅𝑠 is the series resistance, n is the ideality factor, k is the Boltzmann constant, T is the 

temperature, A is the effective diode area equal 2.8×10-5 cm-2, Φb is the barrier height and 𝐴∗ is the 

effective Richardson constant.  

 

  

Figure 4.   (a) Linear forward bias I-V, (b) Semi-logarithmic I-V characteristics of n-GaAs 

Schottky nanowire for different temperatures (Φm=5.2 eV) 
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Figure 5.  (a) Linear forward bias I-V, (b) Semi-logarithmic I-V characteristics of n-GaAs  

Schottky nanowire for different temperatures (Φm=5.25 eV) 

The electrical parameters such as ideality factor n, barrier height Φb, series resistance 𝑅𝑠 and 

saturation current 𝐼𝑠 are extracted from the forward I-V characteristics using Helal method by the 

following expressions (Helal et al., 2020 a): 

 

𝐼 = 𝐴𝐴∗𝑇2 𝑒𝑥𝑝 (
−𝑞𝜙𝑏

𝑘𝑇
) 𝑒𝑥𝑝 (

𝑞(𝑉−𝑅𝑠𝐼)

𝑘𝑇
)  𝑒𝑥𝑝 (−

1

𝑛
)        (6) 

 

𝑉 =
𝑘𝑇

𝑞
𝑙𝑛(𝐼) −

𝑘𝑇

𝑞
𝑙𝑛(𝐴. 𝐴∗𝑇2) + 𝜙𝑏 +

𝑘𝑇

𝑞𝑛
+ 𝑅𝑠𝑒𝑥𝑝 (𝑙𝑛 𝐼) (7) 

 

ℎ1(𝑙𝑛(𝐼)) =
𝜕𝑉

𝜕(𝑙𝑛𝐼)
=

𝑘𝑇

𝑞
+ 𝑅𝑠𝑒𝑥𝑝 (𝑙𝑛 (𝐼))                                                                                    (8) 

Rs and n are calculated from the slope and intercept with the y-axis of the h1 versus I plot, 

respectively. 

 

  
Figure 6. (a) Linear forward bias I-V, (b) Semi-logarithmic I-V characteristics of n-GaAs 

Schottky nanowire for different temperatures (Φm=5.3 eV) 
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We extract the values of barrier height from the relation h2(I), which is expressed as: 

ℎ2(𝐼) = 𝑉 −
𝑘𝑇

𝑞
𝑙𝑛 (

𝐼

𝐴𝐴∗𝑇2
) −

𝑘𝑇

𝑞𝑛
= 𝑅𝑠𝐼 + 𝜙𝑏                                                                            (9) 

Rs and φb are calculated from the slope and intercept with the y-axis of the h2 versus I plot, 

respectively. 

The variation of the ideality factor n versus T in high and low voltage for different work 

function (Φm), are presented in Figures 7. 

 

 

 

 

Figure 7.  Ideality factor (n) versus T(°K) for different works function in high voltage 
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Figure 7, shows the variation of the ideality factor n at a different temperature, for low voltage, 

the ideality factor n is around 1 for all values of work function ϕm, but for high voltage the n values 

increase with increasing temperature and ϕm. In most of studies n decreases with the increase of 

temperature, because n was extracted from the low voltage part lower than 0.9 V, for us we have 

other mechanisms like tunnel effect which dominates the high voltage and becomes more dominant 

with increasing temperature. 

The series resistance Rs is an important parameter in the study of Schottky barrier diodes because 

it limits the conduction process (Ahaitouf et al., 2012). This parameter has been determined versus 

Φm and shown in Figure 8.  

 

 

Figure 8.   Series resistances T(K) for different works function (a) Using H1(I) method (b) 

Using H2(I) method 

 

As can be seen, the values of the series resistance extracted using h1(I) and h2(I) methods are 

very close, which is in concordance with the work of Helal et al. (2020 a). We observe that for the 

contact with low work function (4.9 et 5.1 eV), series resistance is increasing for all temperature 

range but for Φm= (5.2 - 5.25- 5.3) eV RS is decreasing gradually from (500°K – 450°K – 400°K) 

respectively. As can be see the large series resistance values of one of our NW varies between (104 

et 105) Ω close to the values found by Núñez et al. (2020), but when the NWs will be assembled the 

total equivalent resistance will decrease considerably. 

Fig.9 shows the variation of the barrier height Φb versus Φm, we can see that the barrier height 

increases with increasing Φm and decreases with increasing temperature what is logical because the 

Fermi-level pinning at the metal/semiconductor interface. It is well known that the theoretical 

relationship of Φb and Φm is given by Helal et al. (2020):  

 

Φ𝑏 = Φ𝑚 − 𝜒𝑆𝐶                           (10) 
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Figure 9.   Φb versus T(K) of n-GaAs Schottky nanowire for different works function 

 

4. Conclusion  
 

To investigate the effect of metal work function ϕm   on n-GaAs Schottky nanowire structure, we 

have using 3D Silvaco-Atlas software in wide temperature range, by Silvaco-Atlas software.  we 

used Helal method to annalyse I(V) characteristics which proves its efficiency for low and high 

voltage. 

The results in high voltage show an increase   of   the ideality factor   with increasing temperature 

and increasing work function. The lower values of the ideality factor n, were found for 4.9 and 5.1 

eV. 

We observed that the barrier height increases with increasing Φm and decreases with increasing 

temperature. It’s also known that for ideal Schottky contacts the dominant current is the thermionic 

emission (TE) (Helal et al., 2020). But in practical, there are other mechanisms that influence 

transport phenomena like   the effect of tunnel currents and field emission. 
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