
International Journal of Nanoelectronics and Materials 
Volume 16 (Special Issue) December 2023 [317-322] 

_____________________ 
* Corresponding authors: noraini_othman@unimap.edu.my 
 

 
 

Impact of Nanowire Radius and Channel Thickness with High-k Gate 
Dielectric in GAA-JLT 

 
Nilaventhiran Vespanathan1, Noraini Othman1,2,*, S. N. Sabki1,2 and Alhan Farhanah Abd Rahim3 

 
1Faculty of Electronic Engineering & Technology, Universiti Malaysia Perlis, Arau, 02600, Perlis, Malaysia 

2Centre of Excellence for Micro System Technology (MiCTEC), Universiti Malaysia Perlis,  
Arau, 02600, Perlis, Malaysia 

3Faculty of Electrical Engineering, Universiti Teknologi MARA, Pulau Pinang Campus 
 
 

ABSTRACT 
 
As the transistor’s size becomes smaller, degradation in the short-channel effects (SCEs) 
becomes more apparent. This leads to research work on multi-gate transistors such as the 
Fin-Field Effect Transistor (FinFET) and Gate-All-Around (GAA) transistor, where the 3D 
architecture have been shown to have superior performance as compared to conventional 
planar transistor. Transistor without junctions (JLT) which realizes a single type of doping 
has also been gaining popularity for biosensor applications due to its superior electrostatic 
performances in terms of Drain-Induced Barrier Lowering (DIBL), off-state leakage current 
(Ioff) and Subthreshold Slope (SS). In this work, the impact of changes in parameters such 
as the gate oxide material, nanowire radius and channel thickness toward the performance 
of a Gate-all-around JLT (GAA-JLT) have been studied using TCAD simulator. It was found 
that smaller nanowire radius and thicker channel produces lower DIBL, Ioff and SS, with the 
use of HfO2 as gate oxide materials shows better results than Si3N4. Meanwhile, the impact 
of parameters variations seemed to be negligible on the on-state current (Ion). The outcome 
of this work can be used as a basis to understand the impact of structural parameters 
variations towards the performance of a more complex GAA-JLT structure. 
 
Keywords: Gate-all-around (GAA), junctionless transistor, nanowire radius, channel 
thickness, gate oxide materials 

 
 
1. INTRODUCTION 
 
As the trend of device downscaling continues, conventional transistor with junctions is found to 
have its limitations and challenges. One of the challenges involves the formation of ultra sharp 
doping profiles at the source and drain junctions during the manufacturing process. In order to 
address this limitation, transistors which have uniform doping profiles between the channel and 
the source/drain region are introduced, known as the junctionless transistor (JLT). Meanwhile, 
3D transistor structures such as the Fin-field Effect Transistor (FinFET) and Gate-all-around 
(GAA) transistor serve as alternative to improve the short-channel effects (SCEs) often associated 
with shorter gate length devices and planar transistor [1]–[9]. Figure 1 shows an example of a 
planar, FinFET and GAA transistor. One of the biggest advantages of GAA is that the silicon 
thickness can be comparable (or even double of) the gate length (Lg), instead of 1/2-2/3 Lg in 
FinFET [10] . In this work, the impact of varying the gate oxide material, nanowire radius and 
channel thickness towards the electrostatic performance of a gate-all-around junctionless 
transistor (GAA-JLT) was investigated in terms of the Drain-Induced Barrier Lowering (DIBL), 
off-state leakage current (Ioff) and Subthreshold Slope (SS). 
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DIBL is measured as the difference in the threshold voltage, Vth between a low and high drain bias, 
Vd as shown in (1), where low Vd is typically between 50-100 mV whereas high Vd is typically 1 V. 
The barrier height’s reduction for channel carriers at the edge of the source occurs as a result of 
drain electric field upon application of high Vd. 
 
In this work, DIBL is extracted at drain current, Id of 10-7 A for two drain voltages i.e. Vd = 50 mV 
and Vd = 1.0V. Meanwhile, Ioff refers to Id @ Vg = 0 V while SS is measured as in (2). One of the 
applications of GAA-JLT are in nanoelectronics with ferroelectric nanosheet and in biosensors 
[11]. Other area of studies by other researchers include the efficiency in heat dissipation and 
better thermal stability in GAA-JLT beyond CMOS alternative [12]. 
 
DIBL = (Vthlin – Vthsat) / (Vdsat – Vdlin)         (1) 
 
SS = (dVg/dlog10Id)           (2) 
 

 
Figure 1. Three-dimensional view of (a) planar (b) FinFET and (b) GAA transistor. 

 
 
2. METHODOLOGY 
 
A gate-all-around junctionless transistor (GAA-JLT) is modeled in ATLAS 3D in order to study the 
impact of variations in parameters such as the gate oxide materials, nanowire radius and channel 
thickness as listed in Table 1. First, two different high-k dielectric materials of HfO2 (k = 25) and 
Si3N4 (k = 7.9) with equivalent oxide thickness (EOT) of 1.2 nm were used in the simulations. The 
use of high-k dielectric materials to replace the conventional SiO2 enables the dielectric thickness 
to be increased at the same capacitance, thereby suppressing the leakage current. Table 2 
summarizes the thickness of the gate dielectric used in the simulations as obtained from (3), 
where thigh-k refers to the thickness of the high-k dielectric, kSiO2 is the dielectric constant of SiO2 
and khigh-k is the dielectric constant of the high-k dielectric materials. 
 
EOT = thigh-k (kSiO2/khigh-k)          (3) 
 
Next, the impact of variations in the nanowire radius was studied, followed by the variations in 
the channel thickness for both Si3N4 and HfO2. Some of the physical models being used in the 
simulations include the Shockley-Read-Hall (srh) recombination model using fixed lifetimes and 
field-dependent mobility model (fldmob). 
 

Table 1 Parameter variations in the simulations of GAA-JLT 
 

Parameters Types / Values 
Gate oxide materials Si3N4, HfO2 

Nanowire radius 10 nm, 12 nm, 14 nm 

Channel thickness 10 nm, 18 nm, 20 nm 
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Table 2 Dielectric materials and the corresponding gate oxide thickness used in the simulations 
  

High-k dielectric 
material Dielectric constant Gate oxide thickness 

(nm) EOT (nm) 

Si3N4 7.9 2.43 1.2 

HfO2 25 7.69 1.2 

 
 
3. RESULTS AND DISCUSSIONS 
 
3.1 Results for Variations in Nanowire Radius (10, 12 and 14 nm) 
 
First, the nanowire radius was varied for 10, 12 and 14 nm to see the effects on the electrical 
characteristics. Table 3 summarizes the overall results obtained for both HfO2 and Si3N4 while 
Figure 2 shows an example of the corresponding Id-Vg graph extracted for HfO2 only. 
 
It can be seen that smaller nanowire radius (of 10 nm) exhibits the best performance in terms of 
lowest leakage current (Ioff), DIBL and SS for both dielectrics of HfO2 and Si3N4. For instance, the 
results of Ioff obtained is in the range of ~ 10-13 A/µm for both Si3N4 and HfO2 with nanowire radius 
of 10 nm which is comparable to reported fabricated GAA nanowire transistor reported in [5]. 
The change in the nanowire radius from 10 to 12 and to 14 causes the Ioff to increase in one 
decade. As the radius is reduced, the gate has better control over the channel as compared to 
influence exerted by the source and drain [13]. 
 
It is apparent however that HfO2 shows superior electrostatic performance than Si3N4 in terms of 
Ioff, DIBL and SS for all the 10, 12 and 14 nm nanowire radius variations. For instance, the DIBL 
for HfO2 are 22% lower than Si3N4 at 10 nm radius and the same trend can be observed for 12 and 
14 nm radius consecutively. This is in agreement with [7] that states Ioff reduces and subsequently 
SS is also reduced to its theoretical limits as relative permittivity is raised. [7] also state that Vth 
increases when Ioff decreases as the dielectric constant of high-k oxide is raised, leading to 
reduction in DIBL. However, the effects seem to be negligible on the on-state current, Ion where 
variations in the nanowire radius and dielectric materials seem to give the results in ~10-5 A/µm 
for all. 
 

Table 3 Results of DIBL, Ioff and Ion for different nanowire radius of 10nm, 12nm and 14nm for HfO2 and 
Si3N4 

 
High-k 

dielectric 
Nanowire 

radius (nm) 
DIBL 

(mV/V) Ioff (A/µm) Ion (A/µm) Subthreshold Slope 
(mV/dec) 

HfO2 10 17.9 2.33x10-13 4.11x10-5 61.80 

HfO2 12 40.0 2.01x10-12 5.64x10-5 67.00 
HfO2 14 69.5 1.82x10-11 5.64x10-5 74.57 

Si3N4 10 23.2 3.11x10-13 3.83x10-5 63.20 

Si3N4 12 51.7 2.99x10-12 5.09x10-5 69.87 
Si3N4 14 83.2 2.55x10-11 5.09x10-5 77.83 
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Figure 2. Plot of log Id-Vg for GAA-JLT with HfO2 gate oxide for different nanowire radius of 10nm, 12 

nm and 14 nm. 
 
3.2 Results for Variations in Channel Thickness (10, 18 and 20 nm) 
 
Next, the channel thickness was varied for 10, 18 and 20 nm to see the effects on the electrical 
characteristics. It can be seen from Table 4 that thinner channel (10 nm) leads to degradation in 
the electrical parameters of DIBL, Ioff and SS. In terms of different dielectric materials, HfO2 with 
higher dielectric constant again exhibits better performance as thicker gate oxide can be 
employed, thus mitigating issues such as direct tunnelling and leakage current [14]. From the 
results, it can be seen that the degradation in DIBL is more apparent for Si3N4 as compared to 
HfO2. For instance, as the thickness of the channel decreases from 20 to 10 nm, the degradation 
in DIBL for HfO2 double to ~ 50%. However, the impact is quite small and negligible for SS. 
 

Table 4 Results of DIBL, Ioff and SS for different channel thickness of 10 nm, 18 nm and 20 nm for HfO2 
and Si3N4 

 

High-k 
dielectric 

Channel 
Thickness 

(nm) 

DIBL 
(mV/V) Ioff (A/µm) Ion (A/µm) Subthreshold Slope 

(mV/dec) 

HfO2 10 35.79 9.49x10-12 5.25 x 10-5 62.49 

HfO2 18 21.05 5.22x10-13 5.25 x 10-5 61.58 

HfO2 20 17.89 3.57x10-13 5.25 x 10-5 61.45 

Si3N4 10 47.37 1.72x10-11 5.24 x 10-5 64.09 

Si3N4 18 28.42 8.69x10-13 5.23 x 10-5 63.00 

Si3N4 20 23.15 5.80x10-13 5.23 x 10-5 62.74 
 
3.3 Results of Electrostatic Performance with HfO2 and Si3N4 as Gate Dielectric 
 
Table 5 and 6 shows the summary of the electrostatic performance of the GAA-JLT with varied 
nanowire radius and channel thickness respectively, when compared using different gate 
dielectric materials. Earlier in Table 3, it can be seen that the degradation of the DIBL, Ioff and SS 
is more apparent in Si3N4 as compared to HfO2 for all nanowire radiuses. The same trend can be 
observed in Table 4 when various channel thicknesses were simulated. 
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From Table 5 it can be observed that changing the gate dielectric material from HfO2 to Si3N4 has 
quite a profound impact on the results of DIBL, while the effect on SS is quite small and negligible. 
By using Si3N4, the DIBL degrade for about 16% - 20% for all nanowire radius of 10, 12 and 14 
nm, whereas the degradation in SS is only of 2% - 4%. 
 

Table 5 Results of % degradation of DIBL and SS for different nanowire radiuses for Si3N4 when 
compared to HfO2 

 
Nanowire radius 

(nm) 
% degradation in 

DIBL 
% degradation in 

SS 
10 22.8 2.2 

12 22.6 4.1 

14 16.5 4.2 
 
From Table 6, the same trend can be observed when the channel thickness is varied. Again, using 
Si3N4 as the gate oxide materials leads to degradation in DIBL, while the effect on SS is quite 
negligible. By using Si3N4, the DIBL degrade for about 22% - 26% whereas the degradation in SS 
is only around ~ 2%. 
 
Table 6 Results of % degradation of DIBL and SS for different channel thickness for Si3N4 when compared 

to HfO2 
 

Channel thickness 
(nm) 

% degradation in 
DIBL 

% degradation in 
SS 

10 24.4 2.5 

18 25.9 2.3 

20 22.7 2.1 
 
 
4. CONCLUSION 
 
In this work, implications of different nanowire radius and channel thickness towards the 
performance of a GAA-JLT were investigated, by using two different high-k dielectric materials of 
HfO2 and Si3N4. It was found that smaller nanowire radius and thicker channel thickness produces 
lower DIBL, Ioff and SS with HfO2 of higher dielectric constant showing better electrostatic 
performance. 
  
 
ACKNOWLEDGEMENTS 
 
The author would like to acknowledge the support from the Fundamental Research Grant Scheme 
(FRGS) under a grant number of FRGS/1/2020/STG07/UNIMAP/02/7 from the Ministry of 
Higher Education Malaysia. 
 
 
 
 
 
 
 
 



Nilaventhiran Vespanathan, et al. / Impact of Nanowire Radius and Channel Thickness with High-k… 

322 
 

REFERENCES 
 
[1] P. Razavi, G. Fagas, I. Ferain, N. D. Akhavan, R. Yu, & J. P. Colinge, “Performance 

Investigation of Short-channel Junctionless Multigate Transistors,” in ULIS 2011 Ultimate 
Integration on Silicon, pp. 4–7. 

[2] C.-W. Lee et al., “Performance estimation of junctionless multigate transistors,” Solid. 
State. Electron., vol. 54, no. 2, pp. 97–103, Feb. 2010. 

[3] M. H. Hariff, N. Othman, S. N. Sabki, A. Farhanah, & A. Rahim, “Performance Analysis of JL-
FinFET with Varied Non-Uniform Doping Concentrations , Fin Height and Fin Width using 
Device Simulator,” vol. 16, no. January, pp. 187–194, 2023. 

[4] D. J. Moni & T. J. Vinitha Sundari, “Performance analysis of junctionless gate all around 
tunnel field effect transistor,” Proc. 3rd Int. Conf. Devices, Circuits Syst. ICDCS 2016, pp. 
262–266, 2016. 

[5] M. J. Ahn, T. Saraya, M. Kobayashi, & T. Hiramoto, “Superior subthreshold slope of gate- 
all-around (GAA) p-type poly-Si junctionless nanowire transistors with highly suppressed 
grain boundary defects,” 2020 IEEE Silicon Nanoelectron. Work. SNW 2020, pp. 55–56, 
2020. 

[6] M. Getnet Yirak & R. Chaujar, “TCAD Analysis and Modelling of Gate-Stack Gate All around 
Junctionless Silicon NWFET Based Bio-Sensor for Biomedical Application,” Proc. 2nd Int. 
Conf. VLSI Device, Circuit Syst. VLSI DCS 2020, pp. 18–19, 2020. 

[7] R. Saha, R. Uddin Ahmed, P. Das, S. Singha, & M. M. Rahman Adnan, “Effect of High-K 
Dielectrics in Different Doping Concentrations in a Junctionless GAA Nanowire Transistor 
Structure,” ICIET 2019 - 2nd Int. Conf. Innov. Eng. Technol., pp. 23–24, 2019. 

[8] A. Paul et al., “Fin width scaling for improved short channel control and performance in 
aggressively scaled channel length SOI finFETs,” 2013 IEEE SOI-3D-Subthreshold 
Microelectron. Technol. Unified Conf. S3S 2013, vol. 54, pp. 3–4, 2013. 

[9] Sai Kumar, M. Deekshana, V. Bharath Sreenivasulu, R. Prasad Somineni, & D. Kanthi Sudha, 
“Characterization for Sub-5nm Technology Nodes of Junctionless Gate-All-Around 
Nanowire FETs,” 2022 13th Int. Conf. Comput. Commun. Netw. Technol. ICCCNT 2022, pp. 
1–5, 2022. 

[10] Y. W. Ru Huang, Runsheng Wang, Changze Liu, Liangliang Zhang, Jing Zhuge, Yu Tao, Jibin 
Zou, Yuchao Liu, “HCI and NBTI induced degradation in gate-all-around silicon nanowire 
transistors,” Microelectron. Reliab., vol. 51, no. 9–11, pp. 1515–1520, 2011. 

[11] X. C. Zhong et al., “Study of Ferroelectric HfO2-ZrO2Superlattice Poly-Si Junctionless 
Nanosheet Gate-all-around Field-effect-transistor and CMOS Inverter,” 2023 Silicon 
Nanoelectron. Work. SNW 2023, pp. 33–34, 2023. 

[12] G.  Larrieu  et  al.,  “Thermal  consideration  in  nanoscale  gate-all-around  vertical 
transistors,” 2023 Silicon Nanoelectron. Work. SNW 2023, pp. 27–28, 2023. 

[13] A. Agarwal, R. Tiwari, S. Ranjan, P. C. Pradhan, & B. P. Swain, “2D Analytical Modeling of 
Surface Potential for GaAs based Nanowire Gate All Around MOSFET,” IOP Conf. Ser. 
Mater. Sci. Eng., vol. 377, no. 1, 2018. 

[14] J. Kumar, S. Birla, & G. Agarwal, “A review on effect of various high-k dielectric materials 
on the performance of FinFET device,” Mater. Today Proc., vol. 79, pp. 297–302, 2023. 

 


