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ABSTRACT 

This paper investigates the electrical characteristics of the 

nanoscale n-channel double gate fin field-effect transistor 

(FinFET) structures and their sensitivity to gate dielectric 

materials with different channel materials using SiGe and 3C-

SiC in the channel region.  In this work, the numerical tool 

Atlas Silvaco was used to simulate the device in three 

dimensions and evaluate the electrical characteristics of the 

device at 300K. The influence of the gate dielectrics on 

threshold voltage roll-off, subthreshold slope, 

transconductance, drain induced barrier lowering, leakage 

current, on-current, and on/off current ratio has been 

investigated. The simulation results show that high drain 

current and transconductance were obtained with SiGe 

channel material. The results also show that a higher value of 

gate dielectric constant can increase the drain current and 

improve the leakage current. Drain induced barrier lowering is 

reduced with the increase in gate dielectric constant. It can be 

noticed with different and useful results which led researchers 

to further manufacturing process in order to get the complete 

device. 
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1. INTRODUCTION 
The new technology is oriented towards the miniaturization of 

electronic components and transistors in integrated circuits. 

The goal is to integrate more components per unit area and 

thus improve circuit performance while lowering their 

manufacturing cost as predicted by the ―Moore’s Law‖ [1]. 

The multi-gate transistors like FinFETs (Fin-Shaped Field 

Effect Transistor) are considered to be the best candidates to 

extend the use of CMOS technology beyond the barrier of 14 

nm. Double-gate FinFET is considered one of the most 

promising device structures for future CMOS technology, 

which provides a better electrical control over the channel and 

thus allows increasing the device performances [2- 5]. 

For the FinFET, the body thickness TFin should be 

approximately half of the gate length LG to provide 

better control of short channel effects (SCEs). The drain 

induced barrier lowering, subthreshold slope, and leakage 

current increase sensibly when LG/TFin ratio is smaller than 

1.5 [2, 4]. 

SiGe is an attractive material for advanced CMOS technology 

due to its enhanced carrier mobility in which the threshold 

voltage of the SiGe-channel device appears to be smaller with 

higher drain conductance and higher transconductance 

compared with Si-channel device [6]. 

Silicon carbide (SiC) also is a very promising semiconductor 

due to its physical and electrical properties, it has excellent 

material properties which make it superior to Si in a wide 

range of applications. SiC is an ideal choice for manufacturing 

devices designed to work at high temperature, high power, 

and high voltage. These properties have garnered increased 

interest in the use of SiC in many high-performances in 

micro/nano-technology devices and they are better for 3C-SiC 

(heteroepitaxial) than for the hexagonal SiC (4H- and 6H-

) [7]. 

The new research introduces the use of high-κ gate materials 

to manufacture an electrical device in order to improve the 

current drive and to minimize the gate leakage current which 

decreases the power consumption. The reason behind using 

high-κ dielectrics is to improve the electrical characteristics of 

the device [8]. 

This paper presents a numerical investigation of nanoscale 

double gate n-FinFET with the channel made either of SiGe or 

3C-SiC. In the simulation, the Shockley–Read–Hall (SRH) 

and Auger (AUGER) models were considered [9]. The 

influence of the gate dielectric materials on threshold voltage 

(Vth), subthreshold slope (SS), transconductance (gm), drain 

induced barrier lowering (DIBL), leakage current (Ioff), on-

current (Ion), and On/Off current ratio has been investigated. 

This study has been performed for four different gate 

dielectrics which are SiO2, Si3N4, Al2O3, and ZrO2. It can be 

observed that the best results are obtained when ZrO2 is used 

as a gate oxide material by keeping in mind either speed and 

power consumption as major targets.  

2. DEVICE STRUCTURE 
The schematic structure used for these simulations is 

represented in Fig. 1. The different parameters of the structure 

are assumed as follows in table 1. 

Table 1: Parameters of symmetrical DG n-FinFET. 

Symbol Designation Value 

LD, LS 
Drain length and Source length 

(Silicon material) 
11 [nm] 

LG Gate length 8 [nm] 

Lch 
Channel length (SiGe / 3C-SiC 

material) 
10 [nm] 

TOX (ZrO2) 
Lateral oxide thickness (gate dielectric 

material) 
1.5 [nm] 

TFIN Fin thickness 4 [nm] 
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HFIN Fin Height 10 [nm] 

NA Channel concentration 1016 [cm-3] 

ND Drain and Source concentration 1021 [cm-3] 

 

The DG-FinFET technology is based on vertical silicon fin 

characterized by the fin length (LG), fin height (HFIN), and the 

fin-thickness (TFIN) as shown in Fig. 1 [10]. The channel 

region is formed by a little doped with doping concentration 

1016 cm-3 (P-type). The doping concentrations of source/drain 

regions are assumed to be uniform and equal to 1021 cm-3 (n-

type). The value of the gate work function is 4.6 eV. Fig. 1 

describes the structure of a DG n-FinFET. 

 

Fig. 1: Illustrates the device structure of a DG n-FinFET 

in 3-D. 

3. DEVICE SIMULATION USING 

ATLAS  
The software package Silvaco-Atlas was used to design, 

examine, and simulate the structure and characteristics of the 

DG-FinFET device in three dimensions. The standard 

recombination models like Shockley–Read–Hall and Auger 

models were considered in the ATLAS simulation [9]. In Figs 

2 and 3, IDS-VGS transfer characteristics are shown on a linear 

scale and log scale for a double gate n-FinFET device 

structure. In Fig. 2, it is observed that the threshold voltage of 

a DG n-FinFET is 0.4 V with 3C-SiC channel material and 

0.38 V with SiGe channel material at VDS = 0.1 V. The 

threshold voltages obtained are excellent values compared to 

the one obtained by Guangxi et al. [11]. The simulation shows 

that the drain current of SiGe channel is larger than the 

current of 3C-SiC channel by about 0.54 mA respect to a n-

FinFET device at VGS = 1 V. The threshold voltage expression 

in case of a multigate field-effect transistor (MuGFET) device 

structure can be expressed as [1]: 

in
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Where Qss represents charge in the gate dielectric, Cox is the 

gate capacitance, QD is the depletion charge in the channel, 

Φms represents metal-semiconductor work function difference 

between the gate electrode and the semiconductor and Φf is 

the Fermi potential which for P-type silicon given by: 

i
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Where k is the Boltzmann constant, T is the temperature, q is 

the electron charge, NA is the acceptor concentration in the p-

substrate, and ni is the intrinsic carrier concentration. 

 

Fig. 2: IDS-VGS characteristics on a linear scale for a DG n-

FinFET at VDS = 0.1 V. 

 

Fig. 3: IDS-VGS characteristics on a log scale for a DG n-

FinFET at VDS = 0.1 V. 

When a dielectric material is inserted between the metal gate 

and semiconductor material, the capacitance increases by the 

relative dielectric constant κ. In this case, the capacitance is 

described by [8]: 

Cox= 

ox

0

 t

A
                                (3) 

Where κ is the dielectric constant of the material (κ= ε/ε0), 

ε0 is the permittivity of free space, tox is the thickness of 

dielectric layer. 

The transconductance gm quantifies the drain current variation 

with a gate-source voltage variation while keeping the drain-

source voltage constant [4, 12] 

gm = 

GS

D

dV

I d   
                                 (4) 

Therefore, the value of gm is extracted by taking the derivative 

of the IDS-VGS curve, the obtained value is 4.82 mA/V of a 

http://www.sciencedirect.com/science/article/pii/S0026269216000343
http://en.wikipedia.org/wiki/Vacuum_permittivity
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DG n-FinFET with 3C-SiC channel material and 6.12 mA/V 

of a DG n-FinFET with SiGe channel material at VDS = 0.1 V 

and VGS = 0.6 V. 

 

Fig. 4: Transconductance versus VGS for a DG n-FinFET 

at VDS = 0.1 V. 

Fig. 4 shows the transconductance characteristics of a DG n-

FinFET with two different channel materials at VDS = 0.1 V. 

As can be seen in the Fig. 4, also the maximum 

transconductance of SiGe channel is higher than that of 3C-

SiC channel by approximately 1.3 mA/V. These results reflect 

the faster carrier transport due to SiGe channel material with 

shorter gate length device (8 nm gate length). On the other 

hand, the transconductance decreases rapidly with increasing 

positive VGS for both SiGe and 3C-SiC channel materials. The 

transconductance of the both considered DG n-FinFET 

devices with LG = 8 nm, TFIN = 4 nm, and HFIN = 10 nm show 

an improvement compared to Trigate Wavy FinFET device 

with LG = 20 nm, TFIN = 7 nm, and HFIN = 25 nm [13] 

The subthreshold slope is the major parameter for calculating 

the leakage current. Furthermore, SS is calculated as in [4, 

12]: 

SS (mV/dec) = 
)Id(

d V

DS

 GS 

10log
                    (5) 

A typical value for the SS parameter of a MuGFET is 60 mV 

/decade, (i.e., a 60 mV change in gate voltage brings about a 

tenfold change in drain current) [9, 12]. The subthreshold 

slope of the considered device is 69.50 mV/decade with SiGe 

channel material and 69.05 mV/decade with 3C-SiC channel 

material at VDS = 0.1 V, as it is shown in Fig. 3. The 

Subthreshold slope of the considered DG n-FinFET device 

with LG = 8 nm, TFIN = 4 nm, and HFIN = 10 nm show 

improvement compared to TG FinFET device with LG = 20 

nm, TFIN = 8 nm, and HFIN = 25 nm (i.e., 71.82 mV/dec) and 

LG = 16 nm, TFIN = 8 nm, and HFIN = 32 nm (i.e., 70 mV/dec) 

[2, 14], respectively. All the minimum values of these device 

parameters are required for small size of the transistor. 

Furthermore, transistor dimensions scale to minimize parasitic 

capacitances, to reduce power consumption, and to improve 

current drive, and circuit speed. 

 

Fig. 5: IDS-VGS characteristics on a log scale for a DG n-

FinFET at VGS = VDS = VDD and VDS = 1 V. 

The threshold voltage is a very important parameter for 

obtaining a higher on-current, which improves the circuit 

speed. In Fig. 5, it is observed that the on-current output is 

10.35 mA with 3C-SiC channel material and 13.64 mA with 

SiGe channel material at VGS = VDS = VDD and VDS = 1 V. 

Furthermore, IDS is calculated as reported in [4, 12]: 

IDS (nA) = 100 
L

 W  
ηKT

)Vq(V
ThGS

e



               (6) 

In Fig. 6 the measured output characteristics of DG n-FinFET 

is shown. The highest drain current is obtained by using SiGe 

material as the channel material. 

 

Fig. 6: IDS-VDS characteristics for a DG n-FinFET at 

different channel material. 

The leakage current is directly related to the SS. Fig. 5 shows 

that the drain leakage current is 0.89 nA with 3C-SiC channel 

material and 2.08 nA with SiGe channel material at VGS = 0 V 

and VDD = VDS = 1 V. Ioff calculated by the formula in [4, 12]: 

Ioff (nA) = 100 
L

 W SS

V
Th



10                    (7) 

The leakage current of the both considered DG n-FinFET 

devices show an improvement compared with the results of 

the recent paper [15], reporting on a Trigate Wavy FinFET 

device [15].  

http://www.iue.tuwien.ac.at/phd/brech/ch_6_1_1_1.htm#Figure 6.8 Measured and simulated transconductance of HEMT A and HEMT B at VDS = 2.0 V
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It is important to keep Ioff very small, in order to minimize the 

static power dissipation even when the device is in the 

standby mode. The ratio Ion/Ioff exceeds 106 for the analyzed 

devices at room temperature, which indicates the excellent on-

state and off-state characteristics compared with the results of 

the recent paper reporting on a 20 nm conventional FinFET 

(i.e., 7.42 103) [13]. 

The value of the drain induced barrier lowering (DIBL) is 

calculated by using the relation reported in [4, 12]: 

DIBL (mV/V) = 

DS

TH 

ΔV

ΔV  
                      (8) 

The DIBL is defined as the difference in threshold voltage 

when the drain voltage is increased from 0.05 V to 0.1 V. In 

this case, DIBL is 71.1 mV/V with 3C-SiC channel material 

and 81.46 mV/V with SiGe channel material for the DG n-

FinFET at 8 nm gate length. 

4. EFFECT OF GATE DIELECTRIC 

MATERIALS 
The gate dielectric materials have played significant role in 

the design of novel and high performances at nanoscale of 

electrical devices. It is well-known that high-κ materials are 

more suitable than the well-known SiO2 due to the smaller 

thickness required which decreases the threshold voltage and 

improves the leakage characteristics of the device. Fig. 7 

illustrates the subthreshold slope variation for four different 

gate dielectrics which are silicon oxide (SiO2, κ = 3.9), silicon 

nitride (Si3N4, κ = 7.55), aluminum oxide (Al2O3, κ = 9), and 

zirconium dioxide (ZrO2, κ = 25) [8]. Both subthreshold slope 

and DIBL decrease as gate dielectric constant decreases for 

two channel materials (SiGe, 3C-SiC) as shown in the Figs 7 

and 8, respectively. 

 

Fig. 7: Subthreshold slope variation for different gate 

dielectrics at VDS = 0.1 V. 

 

 

Fig. 8: DIBL variation for different gate dielectrics at VDS 

= 0.1 V. 

Fig. 9 shows the variation of transconductance with different 

gate dielectrics at the gate-source voltage VGS for which gm 

max is simulated. It can be seen that transconductance increases 

with the increase of dielectric constant. It can be concluded, as 

already started, that the channel mobility is higher with a SiGe 

material, which reduces the parasitic and access resistance. 

Figs 10-12 illustrate the On-current, Off-current, and IOn/IOff 

ratio characteristics with different gate dielectric constants for 

a DG n-FinFET, respectively. All these characteristics 

improve with an increase of dielectric constant κ; it can be 

observed that the best results are obtained when ZrO2 is used 

as a gate dielectric.  IOn is also significant for device 

performance, IOn of SiGe channel material is higher as much 

as this of 3C-SiC channel material. Therefore, it can be 

concluded that the SiGe channel material can be used to 

achieve higher on-current than that of 3C-SiC channel 

material. 

 

Fig. 9: Transconductance variation for different gate 

dielectrics at VDS = 0.1 V. 
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Fig. 10: On-current variation for different gate dielectrics 

at VGS = VDS = VDD and VDS = 1 V. 

 

Fig. 11: Leakage current variation for different gate 

dielectrics at VGS = 0 V and VDD = VDS = 1 V. 

 

Fig. 12: On/Off current ratio for different gate dielectrics. 

5. CONCLUSIONS 
In this work, the numerical simulation tool Atlas Silvaco has 

been used to design, examine, and simulate the two different 

channel materials of DG n-FinFETs with different gate 

dielectric materials. As indicated by the three-dimensional 

simulation results, the carrier mobility of SiGe channel device 

is higher which the threshold voltage appears to be smaller 

with higher drain conductance and higher transconductance 

compared with 3C-SiC channel device. An increased value of 

κ improves electrical device characteristics.  

This nanometer gate device has thus shown to provide 

improved control of the channel, allowing more efficient 

reduction of the leakage current at 8 nm gate length. 
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