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Abstract 

Band-to-band graphene resonant tunneling field effect 

transistor (GRTFET) is proposed and its tunneling 

mechanism is studied based on Extended Hückel 

tight-binding model. Electrostatic difference potential 

analysis showed the modulation of the potential barriers 

for the onset of the carrier tunneling. Resonant tunnel-

ing states are formed by channel intrinsic region 2p or-

bitals in the GRTFET operation regime, which lead to 

carrier transmission across the channel. This is con-

firmed by molecular projected self-consistent Hamilto-

nian states. Furthermore, we obtained subthreshold 

slope (SS) of 43.7 mV/dec, OFF current 8 pA/μm, ON 

current 11.6 mA/μm, ON/OFF ratio 1.4×10
9
.  

 

1. Introduction 

As CMOS is downscaled below 50 nm, its stand-by 

OFF state power is catching up to ON state dynamic opera-

tion power [1]. In order to overcome this issue, we have to 

realize low OFF state current device with small subthresh-

old value. In this direction, tunnel field effect transistor 

(TFET) is an important candidate. In TFET, carrier tunnel-

ing set the device on-state condition, which is controlled by 

the gate voltage (Fig.1). As SS of TFET is decided by the 

modulation efficiency of the Band-to-Band tunneling cur-

rents, realizing SS < 60 mV/dec is theoretically possible 

and off-state leak current is exponentially reduced depend-

ing on the bandgap of the intrinsic channel.  

Si-based TFET has been studied [2], however it suffers 

from low on-state current due to the large band gap of Si. In 

contrast, graphene-based TFET is expected to realize a high 

tunneling current in an on-state due to the small band gap in 

the graphene nanoribbon (GNR). Our proposed 

band-to-band tunneling GRTFET is shown in Fig. 2. Gates 

1 and 3 will be used to realize p and n regions in the zigzag 

GNR (ZGNR) regions. Carrier tunneling will be controlled 

by Gate 2 in the armchair GNR (AGNR) region.    

 

2. Computational method 

 In this study, we used self-consistent Extended Hückel 

tight-binding model implemented in Atomistix ToolKit 

(ATK) 14.1 to analyze the tunneling mechanism of GRT-

FET [3]. Non-equilibrium Green's function formalism is 

used to calculate the device transport characteristics. 

Source and drain bias voltages, VG1 and VG2 values shown 

in Fig. 2 are used for the all other simulations at 300 K. 

3-ZGNRs are used to realize p and n type doped regions 

and 4-AGNR is employed for the intrinsic channel region. 

Electrodes are constructed using ZGNRs.  

 

3. Results and discussion 

At first, modulation of the channel potential individually 

by three gates is confirmed by analyzing the electrostatic 

difference potentials (Fig. 3). By applying -1.0 V and 1.0 V 

to Gates 1 and 3, p and n doped regions are achieved, re-

spectively. By controlling the Gate2, potential barrier is 

overcome for the carrier tunneling between source and 

drain (Figs. 3b & c). In order to understand the carrier 

transmission across the intrinsic channel, device density of 

states (DOS) is calculated (Fig. 4). The major contribution 

comes from 2p orbitals of the channel. As the control gate 

voltage is increased then the emergence of the new peaks 

can be noticed, which are marked by arrow A. The origin of 

these peaks is studied using projected DOS analysis. 2p 

orbitals of the intrinsic channel leads to these resonant 

peaks (Fig. 5).  

To further understand the energy levels in the channel 

with the applied gate voltages, molecular projected 

self-consistent Hamiltonian states are calculated (Fig. 6). At 

the resonant peak energy, the presence of the energy states 

across the entire channel can be clearly noticed in Fig. 6(b). 

This is important for the carrier transmission across the 

source and the drain. Transmission spectra for various 

Gate 2 voltages are shown in Fig. 7. Emergence of the res-

onant states and its role to the increase the transmission 

value in the tunnel region can be noticed. The gate charac-

teristic of GRTFET is shown in Fig. 8 along with trans-

conductance. From this characteristics, steep switching 

properties with SS = 43.7 mV/dec is obtained. The SS for 

our GRTFETs is governed by the width and peak transmis-

sion value of the 1
st
 resonant tunneling state and its energy 

modulation efficiency via Gate 2. Moreover, we obtained 

low OFF current (VG2=0V, IOFF = 8.2 pA/μm) and high ON 

current (VG2=5.0V, ION =11.6 mA/μm).  

In conclusion, band-to-band graphene resonant tunneling 

FET operation was proposed and studied using the 

tight-binding model. Resonant tunneling states originated 

from the channel intrinsic region 2p orbitals plays the im-

portant role for the high-performance GRTFET operation.  
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a) VG2=0.0V 

Fig. 4 Device density of states (DOS) 

Fig. 5 DOS of intrinsic channel 

(VG2=3.0V) 

Fig. 7 Transmission spectra for different VG2 
Fig. 8 ID-VG2 and gm-VG2 characteristics 

Fig. 1 Electron tunneling in TFET 

(a) 

VG2=0.0 V 

VG2=3.0 V 

Fig. 6 Molecular projected 

self-consistent Hamiltonian states 

(Isovalue=0.02) 

(b) 

Fig. 2 Simulated GRTFET atomistic structure 

VG2=0.0V VG2=3.0V VG2=1.1V 

Fig. 3 Electrostatic Difference Potential across the GRTFET channel for VG1=－1.0V and VG3=1.0V 
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