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Abstract - Nano wire architecture strengthens the gate electrostatic control over the intrinsic channel region and dopingless 
TFET using polarity based concept is known to have reduced fabrication complexity and eliminate random dopant 
fluctuation (RDF). To avail the aforesaid advantages, we have introduced for the first time a 3D cylindrical electrically 
doped gate all around TFET (ED-GAA-TFET). In our work, the proposed device ED-GAA-TFET, not only achieves a good 
ON-state current of 1.6×10-5 A/µm, but also suppresses the ambipolar conduction (5.52×10-16 A/µm) completely. This is 
done here, by incorporating spacer 1.5 nm and 5 nm at the source edge and drain edge respectively with respect to channel 
gate as, source spacer (SS) determines tunneling probability and drain spacer (DS) arrests negative conductance. 
Simultaneously, Subthreshold swing (28mV/dec) and OFF-state current (5.52×10-16 A/µm) show it's suitability for low 
power application by providing low leakage current and low static power dissipation. Further, optimization is done to reduce 
fabrication complexity in terms of device diameter of intrinsic substrate, spacer lengths between source and gate (LSS) & 
drain and gate (LDS) and finally, the channel length of ED-GAA-TFET. 
 
Keywords - ED-GAA-TFET, random dopant fluctuation, electrically doped. 
 
I. INTRODUCTION 
 
Traditionally, MOSFET has been scaled down since 
last three decades by interpreting Moore's law. 
However, the emergence of short channel effects 
(SCEs) in sub Nano regime has almost brought an 
end to scaling of MOS devices. Short channel effects 
degrade performance of OFF-state current of MOS 
devices leading to consumption of more power to turn 
on the device [1]. This is a huge disadvantage for 
industrial purpose as the present technology demand 
is for fast responding devices. Another limiting factor 
of conventional MOSFET is its 60 
mV/decadesubthreshold swing (SSwing) limit [2]. 
This 60 mV/decade limitation is due to its mechanism 
based on thermionic emission which gives constant 
value kT/q and as a consequence of this, OFF-state 
current degrades. Thus, semiconductor industry needs 
to rely on alternatives other than the present CMOS 
technology. Therefore, voltage scaling rather than 
dimension scaling is focused for future perspective. 
In relation to this, we require devices having 
Subthreshold swing < 60mV/decade [2] and TFET 
comes under that family. 
 
 The working principle of TFET is band to band 
tunneling where injection of charge carriers from 
valence band of source region to conduction band of 
channel is established when the barrier width is equal 
to or less than 10nm.The salient features of TFET are 
its low SSwing, low OFF-state current and minimum 
static power dissipation. Along with these, it is also 
less affected by SCEs. TFET's basic structure is also 
quite similar to MOSFET (with the exception of 
TFET's asymmetric Source and Drain region) which  

 
makes the fabrication process more familiar and 
convenient. However, there exists some drawbacks of 
TFET like its low ON-state current and its 
conductance when negative bias is applied i.e. 
ambipolar behaviour. Besides this, during the 
formation of asymmetric Source and Drain regions, 
doping is done which leads to random dopant 
fluctuation (RDF) [3]. RDF alters the threshold 
voltage of device and makes it less reliable. 
Therefore, many researchers have moved towards 
charge plasma [4] and electrically doped [5] concepts 
(which are dopingless devices) and have managed to 
secure it from random dopant fluctuation. To 
overcome the low ON-current issue of TFET, various 
material and device dependent concepts like Hetero-
material gate structure [6], high k dielectric oxide at 
source side [7], high density pocket layer at 
source/channel interface [8], source doping 
optimization [9] and band gap engineering [7],[8] 
have already been introduced in literature. Likewise, 
to suppress ambipolarity some well established 
concepts are Gaussian doping [10], gate under lap 
[11] and high density pocket layer of n type [12] 
Further, to improve gate controllability, vertical 
stacked TFET [13], double gate TFET [14] and gate 
all around TFET [15] have been done in recent years. 
In this paper, for the first time the concept of 
electrical doping on a cylindrical 3-D structure is 
proposed and analyzed. The proposed device- 
electrically doped gate all around TFET (ED-GAA-
TFET) is hereby simulated and optimized for the best 
results. Basic device structure dimensions and models 
used to obtain desired parameters are defined in 
section II. DC parameters are analyzed vastly in 
section III. Section IV is totally dedicated to 
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analyzing the effect of different dimensions on 
proposed device. Therefore, optimization of source 
spacer length LSS, drain spacer length LDS, applicable 
diameter and at last, the channel length are done in 
this section. Finally, section V summarizes the 
conclusion of this work. 
 
II. DEVICE STRUCTURE AND SIMULATION 
FORMAT 
 
ED-GAA-TFET is a 3-D structure cylindrical device 
in which a p+ source and an n+ drain are formed by 
applying -0.8 V and +0.8 V over 1017cm-3 doped 
intrinsic substrate. SiO2dielectric is used for the oxide 
region which is 1 nm thick. Further, drain spacer 
(DS) and source spacer (SS) are kept between drain 
and gate & source and gate respectively. In proposed 
device ED-GAA-TFET, 5 nm drain spacer is used for 
the suppression of ambipolarity and 1.5 nm source 
spacer to enhance ON-state current of device. 
Length and radius of ED-GAA-TFET are critical 
factors to access a good gate control of the device. 
For this, we choose gate, drain and source lengths of 
50 nm each and diameter 15 nm. TABLE 1 shows the 
complete dimension for our proposed device. 
Simulated 3 Dimensional structure with its planar X-
Z cut plane is shown in Fig. 1(a) and Fig. 1(b) 
respectively. 

 
Table 1: DEVICE DIMENSIONS 

 
The simulator used here is a 3-D ATLAS SILVACO 
simulator [15,16]. Simulations are done using various 
models for 3-D structure such as: 
1. Kane - A specific type of band to band tunneling 
BTBT model used to tunnel the charge carriers while 
considering band gap. It should be noted that Kane  
 

 

 
Figure 1: (a) 3-D Structure (b) planar 2D structure of ED-

GAA-TFET 
 
BTBT is particularly used for 3 dimensional 
structures. 
2. Shockley Read Hall recombination model - 
lifetime of those minority carriers is considered 
which are obtained after recombination or 
degeneration. 
3. CONMOB - As name implies, this model is a 
concentration dependent low field mobility of charge 
carriers at specific room temperature. 
4. FLDMOB - It is a field dependent mobility which 
models velocity saturation. 
5. Auger - It is used for high current density. 
 
III. RESULTS AND DISCUSSION OF DC 
CHARACTERISTICS 
 
This section is dedicated to DC characteristics of 
device which mainlyinclude energy bands, electric 
field, carrier concentration and transfer characteristic. 
Further, optimization of device is shown by 
alternating device dimensions to get the most 
appropriate results.  

 

 
Figure 2: Comparison of (a) Energy band and (b) electric field 
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Tunneling of carriers, which is the base of TFET is 
depicted by energy bands. Therefore, it is apt to first 
study the behaviour of our device through energy 
bands. Whenwe observe the energy band diagrams 
for ON-statein comparison to OFF-state, the 
tunneling width in ON-state is effectively reduced 
due to applied gate voltage VGS=1. This bends energy 
bands at source/channel interface and allow charge 
carriers to tunnel through (width of junction barrier is 
less than 10 nm); whereas, in OFF-state due to the 
absence of VGS (considering 0 V), the conduction 
band of channel is far apart from valance band of 
source. The result is validated by Fig. 3(a). The effect 
of Fig. 3(a) is further evident in Fig.3 (b)where 
electric field in ON-state is high at source channel 
S/C junction than drain channel D/C junction. 
 

 
 

 
Figure 3: (a) Transfer characteristics and (b) IDS-VDSoutput 

curve of proposed device ED-GAA-TFET 
 
In other words, we can say that the large difference in 
electric fields in OFF-state and ON-state at source 
channel junction is due to the variation in carrier 
concentration. As a result of all these, drain current is 
enhanced and OFF-state current is significantly 
suppressed.In our proposed device, we have achieved 
a high drain current (1.6×10-5 A/µm) with suppressed 
OFF current (5.52×10-16A/µm) as shown in Fig. 4(a). 
High ON/OFF ratio 1011 is hence, obtained which is 
perfectly preferable for high switching speed. The 
ambipolarity issue of TFET is also completely 
suppressed with the help of optimized DS which can 
be clearly seen from the same figure i.e. Fig .4 
(a).Fig.4 (b) shows the output characteristics of our 
device. We can observe that the current saturates at a 
very early stage and shows unidirectional conduction. 

 
Table 2: SIMULATED DC PARAMETERS 

IV.  
IV. OPTIMIZATION 
 
To get a deeper understanding of the working of ED-
GAA-TFET, this section deals with optimization of 
ED-GAA-TFET w.r.tLSS, LDS, diameter and channel 
length.  
Firstly, optimization based upon spacer length 
between source and channel is illustrated here. The 
spacer length between source and gate electrodes 
regulates the gate electric field to tunneling junction 
at source side. The 1.5 nm source spacer length (LSS) 
implieshigher ON current (ION) than other two 
because of more induced electrostatic coupling 
between source and channel. However, continual 
incrementin LSSdegrades IONas shown in Fig. 4 (a) 
 

 
 

 
Figure 4:Change in (a) source spacer length and (b) drain 

spacer length of ED-GAATFET 
 
as a result of losing electrostatic control in source and 
channel region. When LSSincreases,charge carriers 
have to cross larger tunneling barrier width andso left 
behind in the process. Although,higher LSSis desirable 
for attaining enhanced OFF current (IOFF), it 
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alsoneeds high supply voltage to achieve even a slight 
increment in ON currentwhich is not desirable for 
energy efficient devices.OFF current of 1.5 nm is 
higher than other two but the difference is very 
minimal, therefore this can be overlooked. Now 
coming to optimization of spacer length between 
drain and channel LDS which is shown in Fig. 4 (b). 
The ON current for all drain spacer lengths remain 
unchanged because ON current depends only on 
tunneling width at source side rather than energy 
band at drain side. On the contrary, OFF-state current 
degrades with decrement in LDS and this is because of 
continual narrowing of depletion region which allows 
drifting of more charge carriers from conduction band 
of drain to conduction band of channel. In our case 
we have considered 5 nm LDS. 
 

 
 

 
Figure 5:Transfer characteristics of various diameter 

thicknesses (a) at low VGSand(b)athigh VGS 
 
The most important part of any device is its gate 
controllability. A poor gate controllable TFET device 
affects its desirable results i.e. degradation in ON 
current, OFF current and can start negative 
conduction as well. All these would affect stability 
and power consumption of device. So, here we 
optimized our proposed device ED-GAA-TFET on 
the basis of diameter. In a GAA device, diameter 
plays a vital role when it comes to gate controllability 
and it should be sufficiently thick for better control. 
As diameter of device increases to a larger extent, the 
gate control around the channel is weak at low gate 

voltage and has adverse effect on ON current. So, ON 
current is low in this case. Similarly, SCEs starts 
dominating and ON current of device starts degrading 
very badlywhen the device size is decreased to the 
critical value. We can see this effect in Fig. 5 (a) 
where the ON current is degraded with increase in 
device diameter and drastically degraded in case of 9 
nm diameter. In TFET with decrease in diameter the 
ON current enhances. However, in case of critically 
low diameter due to limited cross sectional area, ON 
current degrades. But when we observe in Fig. 5 (b), 
after a large supply voltage is applied, the gate 
controllability of device having higher diameter 
becomes more efficient and provides higher ON 
current than less diameter device. But today, 
industrial scenario is more focused upon low supply 
voltage devices. Therefore, in this regard less energy 
consumption is more important than slight increments 
in ON current. So, our proposed device ED-GAA-
TFET of 15 nm diameter is truly applicable for an 
energy efficient purpose where it acquires higher ON 
current with sufficient low supply voltage. 
 

 
 

 
Figure 6: Highlighted (a) ON-current area and (b) OFF- 

current area for low VGS 
 
Fig.6 (a) and Fig.6 (b) further shows the highlighted 
area of ON current and OFF current for better clarity. 
As mentioned above TFET is immune from SCEs, 
and this is evident from Fig.7. Here, the OFF current 
of device is very low as compared to MOSFET and 
even for short gate length of 10 nm, SCEs are not 
prominent. As for ON current, it increases with gate 
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length but after a certain length there is not much 
significant enhancement due to velocity saturation as 
represented in Fig.7. For proposed device ED-GAA-
TFET, 50 nm gate length is appropriate as it has 
significant ON current with minimal OFF current. In 
Fig.7, the left y-axis represents transfer characteristics 
in log scale and right y-axis is for linear scale 
representation of transfer characteristics. 
 

 
Figure 7: Transfer characteristics of device with various 

lengths 
 
CONCLUSION 
 
Proposed device’s basic characteristics shows 
enhanced results (high ON current, low OFF current 
and fully suppressedambipolarity) giving a positive 
outlook about the future sustainability of our device. 
As main focus was on gate controllability, optimized 
diameterof 15 nm is selected since it shows better 
stabilityanditismoreenergyefficient. By optimization 
of both LSS andLDSit is clear that adapted LSS andLDS 
of ED-GAA-TFET gives the better results 
inrespecttobothONcurrent and OFF current. In this 
regard, ON current 1.6×10-5 A/µmand low OFF 
current 5.522×10-16 A/µm is achieved. Also, due to 
the absence of negativeconductance, our proposed 
device ED-GAA-TFET can be utilized in digital 
application. 
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