
Comparative Study on the Performance of Silicon and III-V Nanowire Gate-All-

Around Field-Effect Transistors for Different Gate Oxides   
 

R. V. T. da Nobrega, Y. M. Fonseca, R. A. Costa and U. R. Duarte  
Federal Institute of Minas Gerais (IFMG) – Academic Area of Electrical Engineering – Formiga, Brazil 

e-mail: rafael.nobrega@ifmg.edu.br 

 

1. Abstract 

This paper presents a comparative study between 

silicon and III-V nanowire gate-all-around field-effect 

transistors (NW-GAA-FET), performed on COMSOL 

Multiphysics. For this purpose, we calibrated, first, the 

simulated results with the experimental data of a silicon 

nanowire manufactured by Yang et al. [1]. Posteriorly, 

we extend the simulation analysis to III-V 

semiconductor materials, such as GaSb, GaN, GaAs and 

InP, as well as considering distinct gate oxides: SiO2, 

Si3N4 and HfO2. Finally, we performed the comparative 

analysis on the electrical performance of the FETs based 

on the extraction of the drain-induced barrier lowering 

(DIBL), subthreshold slope (SS) and the Ion/Ioff ratio 

from the simulated I-V curves. 

 

2. Introduction 

Devices based on semiconductor nanowire have 

been attracted a great deal of interest for electronic and 

photonic applications, especially the silicon and III-V 

NW-GAA-FET [1]-[5].  

Advances in manufacturing techniques in the last 

few years have allowed improved size control, with a 

higher flexibility in sample processing, more freedom 

for bandgap engineering, and many other features [6].  

For instance, in 2008 Yang et al. [1] reported a Si-

NW-GAA-FET on bulk silicon wafer exhibiting 

excellent transistor features at room temperature. Song 

et al. [7] reported, in 2014, the manufacturing of an III-

V junctionless GaAs-NW-GAA-FET, aiming low power 

applications. 

Both quoted devices [1,7] employ SiO2 as oxide 

material, adjoined at the gate contact. However, more 

recently, gate oxides with high-k values have been 

reported on technical literature [8], in order to enhance 

the FET electrical features.  

In this context, we propose, in this work, a 

comparative study on the electrical performance of 

silicon and III-V (InP, GaSb, GaN and GaAs) NW-

GAA-FET constituting distinct gate oxides (SiO2, Si3N4 

and HfO2). Numerical simulations are performed on 

COMSOL Multiphysics, supported by experimental 

data [1]. As a result, we verified that the III-V 

transistors exhibit a better performance than the silicon 

ones, as well as the replacement of SiO2 for higher-k 

oxides leads to a graceful improvement on the electric 

merit figures: a maximum reduction of 66% for DIBL 

(GaSb-NW), subthreshold-slope values approaching to 

the theoretical limit (GaAs-NW) and a maximum 

increasement of two orders of magnitudes for Ion/Ioff 

(InP-NW). 

 

3. Device Structure and Validation 

A schematic illustration of the both geometric and 

electrical structure of the device used to validate the 

simulated results with the experimental data reported by 

Yang et al. [1] is depicted on Figure 1. The Si-GAA-

NW-FET is constituted by a silicon nanowire with a 

gate contact built all around the channel (GAA), while 

the drain and source contacts are located in the device 

extremities. 

 
Fig.1. (a) Schematic representation of simulated Si-GAA-NW-

FET. (b) Si-GAA-NW-FET cross section. 
 

We used the COMSOL Multiphysics version 5.3a 

for the simulations of NW-GAA-FETs. In all numerical 

evaluations, we set the values of the following 

parameters in concordance to those reported on [1]: 

temperature (293.15 K); acceptors dopant concentration 

(1014 cm-3); donors dopant concentration (1018 cm-3); 

gate oxide thickness (tox = 5 nm); gate contact length    

(L = 100 nm) and nanowire radius (Rw = 12.5 nm). 

 
Fig.2. I-V curves comparison between the results produced by 

the simulations and the experimental data reported on [1]. 



In order to verify the consistency between the 

simulated curves and experimental data [1], we 

performed the calibration of the drain current as a 

function of the gate voltage for values of drain voltage 

(VD) of 50 mV and 1.2 V. The contrasted curves are 

show on Figure 2.  

An excellent agreement was obtained between the 

simulated curves and the experimental data. Thus, we 

have considerate that Si-NW-GAA-FET setup 

configured on the simulator was properly adjusted, 

allowing to extend our analysis regarding both distinct 

semiconductor channels and oxide gate materials. 

 

4. Results 

After validating the simulator, we have extracted the 

DIBL, SS and Ion/Ioff parameters from the I-V curves, as 

conducted on ref. [9]. Then, we expand our numerical 

analysis to distinct gate oxides (SiO2, Si3N4 and HfO2), 

as well as by the replacement of silicon nanowire to 

GaSb, GaN, GaAs and InP. The results of these studies 

are summarized on Table I.   

 
Table I. Parameters extracted from the simulated I-V curves 

of the several devices with different gate oxide values. 

NW 

channel 

Gate Oxide – SiO2 (k = 3.9) 

DIBL 
(mV/V) 

SS 
(mV/dec) 

Ion/Ioff 
Vd = 50 mV 

Ion/Ioff 
Vd = 1.2 V 

Si 15.8 64.2 1.1 x 107 2.0 x 108 

GaSb 22.9 62.9 9.5 x 107 1.7 x 109 

GaN 15.5 62.2 3.9 x 107 6.7 x 108 

GaAs 18.3 61.9 3.0 x 108 5.4 x 109 

InP 17.6 62.0 1.3 x 106 1.1 x 107 
 

NW 

channel 

Gate Oxide – Si3N4 (k = 7.5) 

DIBL 
(mV/V) 

SS 
(mV/dec) 

Ion/Ioff 
Vd = 50 mV 

Ion/Ioff 
Vd = 1.2 V 

Si 10.8 62.1 2.2 x 107 3.5 x 108 

GaSb 12.4 60.9 1.3 x 108 2.3 x 109 

GaN 7.2 60.7 6.1 x 107 6.8 x 108 

GaAs 10.9 60.3 3.8 x 108 6.6 x 109 

InP 10.3 60.4 2.8 x 106 4.6 x 108 
 

NW 

channel 

Gate Oxide – HfO2 (k = 22) 

DIBL 
(mV/V) 

SS 
(mV/dec) 

Ion/Ioff 
Vd = 50 mV 

Ion/Ioff 
Vd = 1.2 V 

Si 7.8 60.9 4.6 x 107 5.2 x 108 

GaSb 7.8 59.7 2.2 x 108 4.1 x 109 

GaN 7.1 60.1 9.5 x 107 1.6 x 109 

GaAs 7.2 59.4 8.4 x 108 1.5 x 1010 

InP 7.1 59.5 6.6 x 107 1.1 x 109 

 

Analyzing the values presented on Table I, the 

exchange of SiO2 gate oxide for Si3N4 or HfO2 resulted 

on the DIBL enhancement for all transistors. A 

significant reduction of this electrical parameter was 

registered for the III-V materials, specifically for the 

GaSb (66%).  

For higher values of gate oxide permittivity 

(dielectric constant), the SS decrease for all devices, 

especially for GaAs-NW-GAA-FET, which value of 

59.4 mV/dec closely approaches to the theoretical limit 

of 58.2 mV/dec (@ T = 293.15 K).  

Finally, the Ion/Ioff ratio values increase for all the 

devices, when using the oxide gate with high-k (HfO2). 

For instance, the InP-NW-GAA-FET exhibited an 

improvement in the Ion/Ioff ratio of about 5,000% and 

10,000%, respectively, for VD values of 50 mV and 1.2 

V. 

 Thus, we conclude that the exchanging the channel 

of the Si for another III-V materials or replacing the 

gate oxide SiO2 for HfO2 leads to a significant 

improvement in the operating parameters of the 

transistors. Although the silicon being one of the most 

abundant semiconductor material found on Earth, its 

replacement on the transistor manufacturing would 

comply with some specific electrical design features. 

 

5. Conclusions  

In this paper, we developed a simulated Si-NW-

GAA-FET and then compared satisfactorily the results 

with the device made by Yang et al. [1]. Thereafter, we 

extended the simulation replacing the Si channel for 

different III-V materials, such as GaSb, GaN, GaAs and 

InP, as well as different gate oxides, SiO2, Si3N4 and 

HfO2. With the results, it was possible to verify the 

improvement on the performance of the transistors, with 

the substitution of Si by other semiconductors III-V, and 

with the use of gate oxide with higher-k values [8]. 
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