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Abstract 
 

This paper investigates the performance of tri material gate tunnel field effect transistor (TMGTFET) device designed in gate all around 

(GAA) configuration. The device performance is analyzed by varying various device related parameters like: drain doping, oxide thickness 

and radius of silicon core. Simulations are performed using technology computer-aided design (TCAD) tool at 60 nm gate length. Simula-

tion results show that the performance of TMGTFET device can be optimized by proper selection of device parameters so as to achieve 

improvements in the ON current, OFF current, sub-threshold swing and ambipolar current. The silicon based TMGTFET device demon-

strates good performance which makes it a suitable candidate for low power applications with ON current of 0.386 µA/µm, average sub-

threshold swing of 32.06 mV/decade, maximum current gain cut off frequency of 41.4 GHz and extremely low OFF current value of the 

order of 10-20A/µm. We have performed the device optimization to boost the ON current and improve the sub-threshold slope in order to 

make sure that this device configuration becomes suitable for both low power and high performance applications. The proposed hetero 

dielectric tri material gate tunnel FET device (HD-TFET) designed in gate all around configuration achieves 19.7 times improvement in 

ON current as compared to TMGTFET device and excellent average sub-threshold swing of 21.2 mV/decade. The maximum unity current 

gain frequency is also improved by 3 times indicating its potential for deployment in high frequency applications. 

 
Keywords: TFET; Technology Computer-Aided Design Simulation (TCAD); Band to Band Tunneling (BTBT); Subthreshold Slope; High-K Dielectric; Am 

bipolar Current. 

 

1. Introduction 

   Scaling of the device dimensions in MOSFETs has led to various 

challenges like enhancement in the short channel effects (SCEs), 

increase in the leakage current and reliability issues which needs to 

be addressed in order to ensure better performance of the VLSI cir-

cuits under low voltage operation. MOSFETs sub-threshold slope 

is limited by Boltzmann distribution of carriers to 60 mV/decade of 

the channel current at room temperature [1]. The sub-threshold 

slope of silicon tunnel field-effect transistors (TFETs) at room tem-

perature can be reduced to less than 60mV/decade which makes it 

a promising device for applications requiring LSTP operation [2]. 

Apart from the possibility of low sub-threshold swing these TFET 

devices have the potential for achieving extremely low OFF current 

[3, 4]. Lower ON current in TFETs is a major concern primarily 

because of the use of indirect and large band gap semiconductor 

material for TFET fabrication [1-5]. A novel double gate tunnel 

FET (DGTFET) with high-K dielectric was proposed in [3] which 

showed high ON current of 0.23 mA at a gate voltage of 1.8V with 

extremely low OFF current value of less than 1fA. Jhaveri et al. [6] 

used dopant engineering technique by creating a source pocket to 

enhance the ON current of the TFET device. ON current enhance-

ment can also be achieved by using low energy band gap material 

(such as Ge, SiGe, InAs, InGaAs) for the TFET fabrication [7]. Ver-

tical TFET design proposed in [8] can lead to ON current enhance-

ment because of increase in the tunneling area as compared to lat-

eral TFET device. Ambipolar conduction is another important issue 

in TFET and this comes into picture when TFET device conducts 

current for both the higher value of positive and negative gate 

source voltage. Underlapping and overlapping of the gate on drain 

can suppress the ambipolar conduction to a great extent [9-10]. Gate 

all around tunnel FET has better gate to channel control and hence 

it possesses better short channel performance than those with single 

or double gate structures [11-12]. Improvement in the sub-threshold 

slope and Ion/Ioff ratio of GAATFET device can be achieved by 

underlapping the drain junction [13]. Zhang et al. [14] performed 

the comparative analysis of single material gate and dual material 

gate tunnel FET designed in gate all around configuration and re-

ported that DMG-TFET device has lower leakage and comparative 

ON current as compared to SMGTFET device. The experimental 

demonstration of strained Si nanowire GAA n-TFET has been re-

ported in [15]. Wang et al. [16] proposed a novel barrier controlled 

TFET device in gate all around configuration which has triple ma-

terial gate and results reported show that this configuration can lead 

to enhancement of ON current due to band bending at the source 

side with the added benefit of reduction in the OFF current due to 

the effective band pass filtering with the in channel barrier.  

   The rest of the paper is organized as follows: Section II describes 

the design of TMGTFET device in gate-all-around configuration 

and also highlights the Kane’s band to band tunneling model used 

in TCAD tool for performing device simulations. Section III high-

lights various important performance metrics of the TFET device. 
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Parameter variation study of the TMGTFET device is discussed in 

section IV. Optimized HD-TFET device design and its analysis is 

performed in Section V. Comparative study of the HD-TMGTFET 

device and TMGTFET device is done in section VI to analyze the 

RF and analog performance and finally in section VII conclusions 

are drawn.  

2. GAA TFET device architecture and 

KANE’S BTBT model 

   Gate-all-around Tunnel FET (GAA-TFET) exhibits excellent ON 

current to OFF current ratio and this is achieved due to the excellent 

electrostatic control of gate over the channel. GAA-TMTFET de-

vice schematic is shown in Fig. 1. 

 

 
Fig. 1: TMGTFET device in gate all around configuration. 

 

The device dimensions, doping concentration of different regions 

and work function of different segments of the gate are highlighted 

in Table I. Gate is composed of three different segments labeled as 

M1, M2 and M3 with lengths of L1, L2 and L3 respectively. The 

work function of segment M1 (ɸ1) and M3 (ɸ3) is kept lower than 

the work function of segment M2 (ɸ2). A lower value of ɸ1 increases 

the band bending and electric field at the source-channel junction 

[16], while a higher value of ɸ2 creates an in channel barrier. Lower 

ɸ3 value acts as a band pass filter making this configuration a barrier 

controlled TFET (BC-TFET) where barrier is formed by gate metal 

work function engineering. The doping of the source and drain re-

gion is kept asymmetric in order to suppress the ambipolar charac-

teristics because lower drain doping increases the width of the de-

pletion layer on the drain side which suppresses the ambipolar con-

duction in TFET device[9]. The transfer characteristics and band 

diagram of GAA-TMGTFET device are shown in Fig. 2(a) and Fig. 

2(b) respectively. It is clear from the band diagram profile that there 

is a formation of an in channel barrier due to the work function dif-

ference of the gate material segments. In the off state (defined as 

Vgs = 0V and Vds = Vdd , Vdd=1V in this case) the barrier height is 

more which blocks the movement of charge carriers across the 

source-channel junction and hence the off state current of the TFET 

device is extremely low. When the gate to source voltage is made 

positive then energy band gap modulation takes place. A higher 

positive gate to source voltage narrows the tunneling barrier width 

at the source-channel interface thereby enhancing the tunneling 

probability and this leads to increase in the drain current of the de-

vice.  

GAA-TMGTFET device is designed using Cogenda Visual TCAD 

tool and Kane’s Local band-to-band tunneling model [17] is used 

in the simulations. When electric field is uniform across the entire 

tunneling region Kane’s model can be used to determine the BTBT 

generation rate per unit volume and it is given by:- 

 

            
3
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. . exp . .
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g
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                   (1) 

 

 where E is the electric field, A.BTBT and B.BTBT are Kane’s pa-

rameters, EG is the energy band gap. The advantage of using local 

tunneling model is that it is fairly accurate and for 3D devices sim-

ulation convergence is also better. SRH model for carrier recombi-

nation and Fermi-Dirac statistics are also invoked during simula-

tion. Parameters A.BTBT and B.BTBT are tuned to match the ex-

perimental data reported in [15]. The drain current Id is obtained by 

integrating the BTBT generation rate given in equation (1) over the 

entire volume of the device: - 

 

                                   BB
dsI q G dV=                                (2)                                                                

 
Table 1: GAA-TMGTFET Device Parameters 

Parameter Value 

Source doping (Na in Cm-3) 1e20 
Drain doping (Nd in Cm-3) 1e17 

Channel doping (Nch in Cm-3) 1e16 

Oxide Thickness (tox in nm) 2 
Gate Length (Lg in nm) 60 

Length of source/drain (nm) 20 

Radius of Silicon body (nm) 10 
Gate Work Function (ɸ1, ɸ2, ɸ3) in eV 

ɸ1-Silver (Ag), ɸ2-Tungsten (W), ɸ3-Copper (Cu) 

 

4.4, 4.8, 4.6 

Gate Length in nm (L1, L2, L3) 10,30,20 

 

 
Fig. 2(a): Transfer characteristics plot of TMGTFET device. 

3. Performance metrics 

   The performance of the TFET device will be observed by 

measuring various important performance metrics that are 

important from both analog and digital applications point of view. 

They are described below:-  

 

ON current and OFF current 

 

   On-current of the TFET device considered in this work is the 

drain current dsI  at gsV  = 1V with dsV  =1V. OFF current is the 

drain current value at gsV = 0V with dsV = 1V. In order to use TFET 

device in low power high performance (LPHP) applications it 

should have high ON current to OFF current ratio. 

 

Sub-threshold Swing 

 

   It is the amount of gate voltage which must be applied with 

respect to source so as to increase the drain current by one decade 

[18-19]. Sub-threshold swing in TFET is expressed as: 

 

               / .
(log )

dVg
Subthreshold Swing mV dec

d Id
=                (3) 

                               

Tunneling current in TFET device is given by [1,19]-  



International Journal of Engineering & Technology 2265 

 

                            expds eff
b

I aV 


 −
=  

 

                                 (4)                                                                       

 

where coefficients a & b in equation (4) are determined by material 

properties and area of device. They are expressed as: - 
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Fig. 2(b): Energy band diagram of GAA-TMGTFET device. 

 

where q is the charge of electron, gE  is energy band gap, is 

Planck’s constant, *m is the carrier effective mass. Simplified ex-

pression derived from equation (3) for calculating the sub-threshold 

swing is given by: -           
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where effV  represents tunnel junction bias,   is the junction elec-

tric field. SS value of less than 60mV/dec at 300K has been 

achieved in Si based nano wire gate all around TFET. Equation (5) 

indicates that in order to maximize the subthreshold swing the 

TFET device should be engineered in such a way so that the gate 

bias voltage directly controls the tunnel junction bias Veff. The 

other way to improve the slope is to maximize the derivative of 

junction electric field with respect to gate source voltage. Average 

sub-threshold swing is proposed by Boucart et al. [2]: - 
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 where thV  is the threshold voltage and it is extracted using constant 

current method. It is the gate source voltage at which the drain value 

is 10-7 A/µm. thI  is the drain current at gsV = thV and offI  is the 

drain current value at gsV = offV  

 

Unity gain frequency 

 

   It is the frequency at which the short circuit current gain of the 

device falls to unity [2]. It is expressed as:- 
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where gsC  and gdC  are miller capacitance’s of TFET device. 

 

Transconductance generation efficiency 

 

   This is another important performance metric that represents 

available gain per unit of power dissipation [21]. It is also termed 

as device efficiency and it is one of the very important parameters 

for analog design application. Device efficiency of a TFET device 

can be expressed as: - 

 

                             m
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g
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I
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                            (8) 

 

Transit time 

 

   It is the time taken by the charge carriers (electrons) to cross the 

channel. Analytical expression for calculating the transit time as ex-

pressed in [20] is- 

 

                                   1

2 Tf
 =



                                       (9) 

4. Parameter variation study 

   In this section a detailed parameter variation study of the TMGT-

FET device will be performed. The impact of the variation in drain 

doping concentration, oxide thickness and radius of the silicon core 

on the device performance is analyzed in order to select the opti-

mum parameter values so as to achieve excellent performance in 

terms of ON current, OFF current and sub-threshold slope.  

 

a) Variation in the drain doping concentration  

    

   Ambipolarity is a severe issue in TFETs and it becomes quite ob-

vious to analyze the TMGTFET device designed in gate all around 

configuration from this point of view. Different drain doping con-

centrations are considered and its impact on the ambipolar current 

is seen. Fig. 3 shows the transfer characteristics curve under the 

drain doping concentration variation. Ambipolar current considered 

here is the value of the drain current at Vgs = -0.5 V with Vds = 1V. 

It is clear from Fig. 3 that ambipolar current is reduced to less than 

10-17 A/µm when the drain doping is reduced to 1e17 cm-3. The 

prime reason for the reduction in the ambipolar current with the re-

duction in drain doping is due to increase in the width of the deple-

tion region on the drain end. It is as evident from Fig. 4 that the 

electric field at the drain end increases with increase in the drain 

doping concentration which increases the tunneling rate at higher 

negative value of gate to source voltage. TFET device designed us-

ing lower drain doping generally has lower ON current but this is-

sue of poor ON current can be addressed by using device engineer-

ing techniques that can boost the ON current of a TFET device.  

 

 
Fig. 3: Transfer characteristics plot under different drain doping con-

centration 
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Fig. 4: Electric field plot at various drain doping concentration. 

 

b) Variation in the oxide thickness  

    

   Oxide thickness affects the ON current of the device significantly 

as change in the oxide thickness leads to change in the vertical elec-

tric field across the source-channel junction. Different oxide thick-

ness values considered in the simulation are: 2nm, 4nm, 6nm, 8nm 

and the drain doping is kept at 1e17 cm-3 so as to keep the ambipolar 

current to significantly low value. Fig. 5 and Fig. 6 shows the trans-

fer characteristics and the energy band bending effect that is seen 

across the source-channel junction under the oxide thickness varia-

tion. It is clear from Fig. 6 that in case of oxide thickness of 2 nm 

the band bending is more as compared to any other value of oxide 

thickness considered in the simulation. This band bending leads to 

reduced barrier width across the source-channel junction which in-

creases the tunneling rate of the electrons thereby leading to en-

hancement in the drain current of the device. 

 

 
Fig. 5: Transfer characteristics plot under oxide thickness variation. 

 

 
Fig. 6: Energy band diagram under oxide thickness variation. 

 

 

 

c) Variation in the radius of silicon core 

 

   The radius of the silicon core is another important parameter that 

can significantly affect the performance of TFET device. Different 

radii values that are considered for simulation study are: 10nm, 8nm 

and 6nm. Fig. 7 and Fig. 8 show the transfer characteristics and lat-

eral electric field plot under the variation in the radius of the silicon 

core. Lower radii value increases the lateral electric field across the 

source-channel interface which increases the tunneling probability 

of the electrons. Peak electric field value of 1.84 MV/cm is obtained 

at 6 nm silicon core radius which is 34.3% higher as compared to 

the electric field value achieved at silicon radius value of 10 nm. It 

can be observed from Fig. 5 and Fig. 7 that it is the oxide thickness, 

which causes a significant change in the transfer characteristics of 

TFET device as compared to variation in the radius of the silicon 

core. The ON current enhancement is not much when radius value 

is called from 10 nm to 6 nm. The OFF current is less than 10-18 

A/µm and the device exhibits excellent sub-threshold slope of 32.06 

mV/decade. From the above parameter variation study it becomes 

quite clear that correct selection of device parameters is extremely 

important to optimize the performance of a TFET device. 

 

 
Fig .7: Transfer characteristics plot under Si-core radii variation. 

 

 
Fig. 8: Lateral electric field variation with radius scaling. 

 

ON current and sub-threshold slope enhancement can be achieved 

by using TFET device with smaller oxide thickness and narrow 

silicon radius. Ambipolarity reduction can be achieved by lowering 

the drain doping concentration but this method surely poses a 

challenge for the device engineers to use some other way to enhance 

the ON current of the device so that they can be suited for deploying 

in low power and high performance applications. In the next section 

the problem of lower ON current in GAA-TMGTFET device will 

be addressed by using hetero dielectric configuration rather than 

using SiO2 alone as dielectric.  
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5. Optimized HD-TMGTFET device 

   In order to enhance the ON current and sub-threshold slope the 

design of the GAA-TMGTFET device is modified and a high-K di-

electric is introduced beneath the gate metal M1. This enhances the 

ON current of the TFET device. HD-TFET device is designed using 

the same device parameters as highlighted in Table I at 8 nm silicon 

radius. As seen in the previous section the change in the TFET de-

vice performance is not much improved by the change in the radius 

of the silicon core so we have taken 8 nm silicon radii for the sim-

ulation of HD-TMGTFET device. Fig. 9 shows the schematic dia-

gram of HD-TMGTFET device designed in gate all around  

 

 
Fig. 9: Schematic diagram of HD-TMGTFET device. 

 

 
Fig. 10: Transfer characteristics comparison plot. 

 

Configuration. The comparative transfer characteristics plot is 

shown in Fig. 10. It is quite clear from Fig. 10 that the proposed 

HD-TMGTFET device exhibits higher ON current and steep sub-

threshold swing as compared to the conventional TMGTFET de-

vice. The enhancement in the ON current of the HD-TFET device 

is because of the increase in the magnitude of the lateral electric 

field across the tunneling junction at the source channel interface 

which leads to reduction in the energy band gap at the source-chan-

nel interface in HD-TMGFET device. High-K dielectric material 

(Si3N4) with dielectric constant of 7.5 is used in the simulation. Fig. 

11 below shows the electric field intensity variation along the chan-

nel length clearly showing the increase in the peak electric field 

value in HD-TFET device. The band gap reduction with increase in 

the gate to source voltage observed in HD-TFET device is shown 

in Fig. 12. The ON current enhancement of 19.7 times is achieved 

in HD-TMGTFET device as compared to the conventional GAA-

TMGTFET device designed using 8 nm silicon core.  

 

 
Fig. 11: Lateral electric field comparison plot. 

 

 
Fig. 12: Band diagram of HD-TMGTFET device. 

 

The ON current enhancement of 19.7 times is achieved in HD-

TMGTFET device as compared to the conventional GAA-

TMGTFET device designed using 8 nm silicon core. The average 

subthreshold swing of the HD-TMGTFET device calculated using 

equation (4) is also improved to 21.6 mV/decade showing 33.8% 

improvement as compared to TMGTFET device without causing 

much degradtion in the OFF current. The proposed HD-TMGTFET 

device also possess higher transconductance as evident from Fig. 

13 and Fig. 14. The above facts indicate that the proposed HD-

TMGTFET device is a better candidate for replacing MOSFET in 

LPHP applications. In order to analyze the TFET device from 

analog and RF performance point of view it becomes necessary to 

extract the miller capacitances ie. gate-source capacitance (Cgs) and 

gate- drain capacitance (Cgd). Total gate capacitance (Cgg = 

Cgs+Cgd) [22] has to be low and transconductance (gm) of TFET 

device should be high in order to achieve better RF performance as 

evident from equation (5). 

 

 
Fig. 13: Transconductance Plot of HD-TMGTFET device. 
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Fig. 14: Transconductance plot of TMGTFET device. 

6. RF and analog performance analysis 

   In order to analyze the RF performance of the device a 1MHz 

source is applied at the gate terminal which is ramped from 0 to 1.0 

V and miller capacitance values (Cgs and Cgd) are extracted. These 

capacitance values are used along with transconductance (gm) to 

evaluate an important RF figure of merit known as the cut off fre-

quency (fT) of the TFET device as mentioned in equation (7). Cgd 

and Cgs are intrinsic gate-drain and gate-source capacitance values 

respectively and in a TFET device it is gate-drain capacitance which 

has more contribution in the total gate capacitance (Cgg) [2], [22], 

[23]. Fig. 15 shows the total gate capacitance comparison plot 

which indicates that in the proposed HD-TMGTFET device there is 

an increase in the total gate capacitance as compared to TMGTFET 

device. The extent of increase in the total gate capacitance in case 

of HD-TMGTFET device is not much significant upto the gate 

source voltage of 0.9 V and beyond that the increase in the total gate 

capacitance is quite significant which will ultimately decrease the 

cut off frequency at gate-source voltage beyond 0.9 V. Fig. 16 

shows the comparative plot of the unity gain frequency of HD-

TMGTFET device and conventional TMGTFET device designed in 

gate all around configuration. Unity gain frequency is 41.2 GHz at 

Vgs value of 1.0 V and in case of HD-TMTFET device the maxi-

mum unity gain frequency of 124 GHz is obtained at 0.9 V. The 

prime reason for the increase in the fT value upto Vgs value of 0.9 

V is due to increase in transconductance (gm) of HD-TMGTFET 

device and also the fact that total gate capacitance does not increase 

significantly up-to the gate source voltage range of 0-0.9 V. The 

unity gain frequency dip seen at Vgs=1V is due to the sharp rise in 

the total gate capacitance of the device. Another important figure of 

merit to analyze the RF performance is the transit time which is 

calculated using equation (9). 

 
Fig. 15: Total gate capacitance plot. 

 

 
Fig. 16: Unity gain frequency comparison plot. 

 

This parameter is used to determine the speed of the device. Since 

transit time is inversely proportional to unity gain frequency, so the 

proposed HD-TMGTFET device possess lower value of transit time 

indicating its potential for use in applications which need high 

speed of operation like memory design. In order to analyze the an-

alog performance of the device various important analog perfor-

mance parameters are extracted which includes: device efficiency 

and output resistance. Device efficiency is extracted using equation 

(8) and comparative analysis reveals that device efficiency is max-

imum at lower drain current and it decreases with the increase in 

the drain current. Maximum device efficiency that can be achieved 

in case of a MOSFET operating near sub-threshold region is around 

40 V-1.

 
                              

Table 1: Performance Comparison Matrix 

Device 

Topology 

Threshold 

Voltage [V] 
[Constant 

Current 

method] 

OFF cur-
rent 

[A/µm] 

ON cur-
rent 

[A/µm] 

Sub thresh-
old swing 

[mV/dec] 

Trans con-

ductance 

gm [Sie-
mens] 

Output re-

sistance [Ro = 
1/gds] 

@Vgs=1V 

[Ohm] 

Miller Ca-
pacitance 

Cgs [F/µm] 

Miller Ca-
pacitance 

Cgd [F/µm] 

Max. Cut off 
frequency fT 

[GHz] 

TMGT-
FET de-

vice 

0.9 8.88E-20 3.86E-07 32.06 3.014E-06 3.70E+08 3.29E-18 8.29E-18 
41.4 @ 

Vgs=1V 

HD-

TMGT-

FET de-

vice 

0.6 2.20E-19 7.50E-06 21.92 3.75E-05 2.39E+06 6.86E-18 1.09E-16 
124 

@Vgs=0.9V 
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Fig. 17: Device efficiency comparison plot. 

 

 
 

Fig. 18: Output characteristics plot of HD-TMGTFET device. 

 

 
 

Fig. 19: Output characteristics plot of TMGTFET Device. 

 

   Fig. 17 shows the device efficiency comparison plot which shows 

that device efficiency in case of HD-TMGTFET is 57.0 V-1 at Ids 

value of the order of 10-10A and in case of TMGTFET device it is 

68.9 V-1. This signifies that both TMGTFET and HD-TMGTFET 

device has higher gain as compared to MOSFET near the sub-

threshold region. The output resistance of the TFET device is cal-

culated using Ids-Vds output characteristics curve. The drain trans-

conductance (gds) is extracted and the output resistance is calculated 

by taking the reciprocal of the drain transconductance (ie. Ro = 

1/gds). Fig. 18 and Fig. 19 shows the output characteristics of HD-

TMTFET device and conventional TMGTFET device respectively. 

It is quite clear from output characteristics curve that if the drain 

voltage is increased beyond the drain threshold voltage point then 

the drain current increases at a much lower pace particularly be-

cause of the increase in the channel resistance. The dependence of 

Ids on Vds eventually ends at higher Vds value and this indicates that 

tunneling barrier width cannot be reduced further by increasing the 

drain voltage and this leads to saturation in the drain current. It can 

be seen in the output characteristics plot that the proposed HD-

TMGTFET device shows delayed saturation effect which means 

that the pinch off point shifts on the higher drain potential at a 

higher value of gate to source voltage. The output resistance in both 

the configurations is very high which will ensure higher intrinsic 

(gmRo) gain that can be achieved in the TFET device. The output 

resistance has dropped to almost 100 times as compared to conven-

tional TMGTFET device due to increase in the drain current which 

occurs primarily due to drain induced barrier thinning (DIBT). En-

hanced gm value and high output resistance ensures high intrinsic 

gain of the device which is extremely important for any device to 

be deployed for analog applications like a common source amplifier 

circuit. Literature also suggests that TFET devices can be used in 

designing reliable and low power applications like SRAM, DRAM 

and inverter circuit [24-26]. Unlike MOSFETs, TFETs exhibit uni-

directional conduction because of their asymmetric source and 

drain architecture [24, 27]. This unidirectional behaviour causes a 

lot of challenges for the circuit designers to design area efficient 

high-performance circuits. Miller capacitance and interface trap 

charges can severely affect the performance of the TFET device 

[28-29]. Despite various challenges the research work carried out 

in the last two decades on TFET device shows that TFET device 

holds a promising future in designing VLSI circuits [30]. Use of 

low energy band gap materials in TFET device design can further 

optimize its performance in terms of achieving ON current of the 

same order as that of a MOSFET.  

7. Conclusion 

   In this paper the detailed study of the effect of parameter variation 

on the performance of tri material gate tunnel FET (HD-TMGT-

FET) device has been performed. It is observed that drain doping is 

an important parameter which affects the ambipolar conduction of 

the TFET device and lower drain doping will ensure lower level of 

ambipolar conduction. Radius of the silicon core does not affect the 

device performance significantly as compared to the oxide thick-

ness. Lower oxide thickness boosts the ON current of the device 

primarily because of band lowering observed at the source channel 

interface. The triple material gate all around TFET device topology 

uses three different work functions for the gate metal and this is an 

added advantage for the device engineers to tune the device perfor-

mance. The ON current boosting can be achieved by the introduc-

tion of high-K dielectric material beneath the gate metal at the 

source channel interface. This proposed design of HD-TMGTFET 

device achieved an ON current boosting of 19.7 times as compared 

to conventional TMGTFET configuration primarily because of re-

duction in the barrier width at the source-channel junction. The im-

pact on the analog and RF performance is also analyzed by extract-

ing various important performance parameters. The investigation 

results reveal that the proposed HD-TMGTFET device achieves 

better RF performance with an increase in the unity gain frequency 

to around 3 times as compared to the maximum unity gain fre-

quency value that can be achieved in TMGTFET device. The max-

imum fT value achieved in case of HD-TMGTFET device is 124 

GHz. This increase in the unity gain frequency along with reduction 

in the intrinsic delay makes the proposed HD-TMGTFET device a 

suitable candidate for use in low power high performance VLSI cir-

cuits.  
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