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Abstract 

 
This paper presents novel hetero-gate TFET architecture to improve the DC and RF characteristics 
of the device. To analyze the improved functionality, here we compared the proposed TFET with 
the conventional TFET. The RF parameters such as gate-to-gate capacitance (Cgg), gate-to-drain 
capacitance (Cgd), gate-to-source capacitance (Cgs), transconductance (gm), cut-off frequency (fT), 
and gain bandwidth product (GBP) are analyzed for both of the TFETs. The effects of scaling of 
oxide thicknesses on the transfer characteristics are also studied for the proposed TFET. 

 
Keywords: Band gap narrowing model, Hetero-gate dielectric, Transconductance, RF 
parameters 

 
1 Introduction 

 
To fulfill present semiconductor demands, the dimensions of devices are continuously scaled 

down, which causes various short channel effects (SCEs) [1-10], high off-current (IOFF), and less 
on drain current (ION) [11]. At room temperature, the SS value of MOSFET is limited to 60 
mV/decade [11-12]. Due to the drift-diffusion phenomenon of MOSFET, no techniques can lower 
the limit of SS (60 mV/decade) [13]. Therefore, an alternative device has been looked out for, 
which not only shows high ION, less IOFF, but also offers a steep subthreshold slope. One of the 
most acceptable alternative devices is a TFET device, which shows very less leakage current [14- 
16] and SS below 60 mV/dec. In TFET, the tunneling mechanism provides better immunity over 
SCEs [17]. To increase the device's functionality, a variety of other TFET topologies have been 
proposed such as DG TFET [18], triple material DG TFET [19], DG with source pocket TFET 
[20], and heterojunction TFETs [21-23], etc. 
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In the concern of creating a steep band profile at the source/channel interface and improving RF 
performances, a DG TFET is proposed with a modification in the gate oxide region and the gate 
region. This paper has many sections: In section II, we describe the architecture of the proposed 
TFET with details of the dimensions of the parameters used during the extraction of results. In 
Section III, the results of the extracted DC and RF parameters. Finally, in the last Section IV, we 
conclude the presented work. 

 
2 Device Simulation Deck 

 
The 2-D schematic of the conventional and proposed TFET is shown in Figure 1. In the proposed 
TFET, Silicon (Si) material is used as a semiconductor material. Above the Si semiconductor, SiO2 

(k=3.9) is used as a dielectric material except that HfO2 (k=22) is used above the source-channel 
junction. The combination of SiO2 and HfO2 gate dielectric is hetero-gate dielectric. The gate 
materials such as Aluminum (ɸm= 4.1 eV) and Copper (ɸm= 4.7 eV) are used above the oxide 
layer. The Aluminum gate material is used near the source and the drain whereas Copper is used 
in between Aluminum. The source and drain each has a doping concentration of 6 × 1020cm-3 and 
5 × 1020cm-3 and the channel has 3  × 1016cm-3. The dimensions of the dimensional parameters 
(Figure 1) are listed in Table I. 

The simulation of the proposed TFET and the results are extracted using Synopsys TCAD 
[24]. Since the tunneling mechanism exists in the TFET device, the non-local band-to-band 
tunneling (BTBT) model is used. Moreover, band gap narrowing, SRH recombination, Fermi- 
Dirac statistics, and doping-dependent mobility models are used [24]. 

 
 

(a) (b) 
Figure 1. 2-D structure of (a) Conventional and (b) Proposed TFET 

 
3 Simulation Results and Discussion 

 
This section includes firstly, the DC transfer properties of the proposed TFET versus the traditional 
TFET. Further, the simulated RF parameters are extracted and analyzed for conventional and 
proposed devices. 
Table I: Dimensions of Figure 1 



Webology (ISSN: 1735-188X) 
Volume 17, Number 4, 2020 

253 http://www.webology.org 

 

 

DOI: 10.5281/zenodo.7660430 

 

Parameters Value(nm) 
Conventional TFET Proposed TFET 

a 100 100 
b 100 100 
c 0 4 
d 0 15 
e 0 20 
f 0 15 
g 1 1 
h 10 10 
L 50 50 

 

3.1 Comparative analysis of ID-VGS curve of proposed and the conventional TFET 
 

The ID-VGS curve of the conventional and the proposed TFET is shown in Figure 2. As observed 
from Figure 2, the proposed TFET shows improved characteristics compared to the conventional 
TFET. The improved characteristics of the proposed TFET can be explained by its architecture. 
The presence of high-k dielectric in the tunneling region increases the gate capacitive effect which 
in turn increases the electric field at the source-channel interface and thus helps in achieving a 
higher tunneling rate of electrons. The higher tunneling rate of electrons causes a higher ON-state 
current. Adding to it, the presence of low ɸm gate material towards the source side, the flat band 
voltage between the gate material towards the source side and the semiconductor decreases 
compared to the flat band voltages of gate material copper and the semiconductor. The lower value 
of flat band voltage pushes the band downward in the source region and reduces the barrier width 
and hence increases the tunneling rate. In the proposed TFET, the greater electron tunneling rate 
at the source channel junction increases the electron current density. 

Transconductance (gm) is an essential design parameter for low-power digital circuit 
applications. mathematically, gm can be expressed as [25]: 

g   = ∂ID   
m ∂VGS 

The efficiency of the device can be directly measured from the gm . The higher value of gm , the 
ID ID 

better the ability of TFET to act as a potential energy-saving device. The plots of Figure 3 follow 
the plots of Figure 2. The higher value of gm of the proposed TFET shows a more efficient device 
than conventional TFET. 
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Figure 2. The plot of ID-VGS for conventional and proposed TFET with VDS=0.5 V 
 

Figure 3. gm versus VGS curve for both TFETs with VDS=0.5 V 
 

3.2 Comparison of RF parameters for both devices 
 

The RF performances of the device are analyzed by extracting some of the significant RF 
parameters such as Cgd, Cgs, Cgg, fT, and GBP. 

The capacitances Cgd and Cgg, decide the device’s performance [26]. Figures 4 and 5 show 
the Cgd and Cgg against gate voltage (VGS) for the proposed and conventional TFET. It is evident 
from the plots that the values of gate capacitances (Cgd and Cgg) are less for the proposed device 
as compared to the conventional device. This is because of the modification in the device, i.e. the 
presence of low ɸm gate material and the low-k material at the drain side. Due to the low-k material, 
the coupling reduces between the gate and drain point, whereas the depletion width at the drain- 
channel junction increases because of the low work function metal gate. An opposite behavior is 
noticed in Figure 6 that Cgs is more for the modeled TFET as compared to the traditional device. 
The more value of Cgs defines the more influence of gate control over the channel and thus, more 
coupling of the gate and the source. 
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Figure 4. The plot of Cgd-VGS for both TFETs with VDS=0.5 V 
 
 

Figure 5. The plot of gate-to-gate capacitance for both TFETs with VDS=0.5 V 
 

Figure 6. Cgs versus VgS for both TFET with VDS=0.5 V 
 

Figure 7 shows the fT -VGS curve for both devices. For RF response, fT is an important parameter. 
It is the working frequency of the device in which the short circuit current gain decreases up to 
unity. Mathematically, the equation of fT is written as [26] 
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fT =
 gm 

 

2π(Cgd+Cgs) 

 
 

 

 
Figure 7. Cut-off frequency (fT) versus VGS for both TFET 

 
It is observed from Figure 7 that initially fT increases up to some extent of VGS and then decreases 
for both of the devices. From the starting point, fT increases due to increases in transconductance 
(Figure 3) and the falling nature of the curves is due to the reduction of transconductance and the 
combined effect of increased Cgd, irrespective of both of the devices. The higher value of fT is 
found for the proposed device because the gate material has low ɸm and the low-k dielectric lowers 
the value of Cgd. Whereas, the low ɸm gate material and the high-k dielectric at the tunnel junction 
enhance the value gm. Thus, the higher fT is obtained for the proposed TFET due to the combined 
effect of Cgd and gm. 

Lastly, one of the most significant RF parameters of the device, gain bandwidth product 
(GBP) is shown in Figure 8. The GBP equation can be written as [26] 

 
GBP = gm      

20πCgd 

 
From Figure 8, it can be seen that GBP is higher for the proposed device. The improved behavior 
of GBP can be explained by the above-mentioned expression of GBP. The smaller value of Cgd 

and the higher value of gm enhance the behavior of GBP in case of proposed device. 
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Figure 8. Variation in GBP with VGS for both TFET with VDS=0.5 V 
 

3.3 Analysis of effects of scaling of oxide thicknesses 
 

As the proposed TFET shows improved performance compared to conventional TFET, further 
analysis is carried on by varying the oxide thicknesses (tox) of the oxide material. The transfer 
characteristics for different tox are plotted in figure 9. From the plot, it can be computed that with 
the increasing tox, ID decreases. As the tox increases (decreases), the gate capacitive effect decreases 
(increases). The degrading (enhancing) behavior of gate capacitance decreases (increases) the 
drain current. 

 
 

Figure 9. ID-VGS for different tox of the proposed TFET with VDS=0.5 V 
 

4 Conclusions 
 

From the above analysis, the proposed TFET enhances the electrical characteristics in terms of 
ION, IOFF, ION/IOFF, and SS. The presence of low ɸm gate material and the high-k dielectric in the 
source-channel tunnel junction enhances the drain current, as the higher electric field creates 
abruptness in the source-channel junction. whereas, the presence of low ɸm gate material in the 
drain side degrades the value of gate-drain capacitances, and hence, improved RF performances 
are found. Therefore, the improved RF behavior makes the proposed device useful for low-power 
RF circuit applications. 

 
5 Abbreviations 

 
TFET: tunnel field effect transistor; RF: radio frequency; GBP: gain bandwidth product; SCEs: 
short channel effects; SS: subthreshold swing; DG: double gate; BTBT: band to band tunneling; 
SRH: Shockley Read Hall. 
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