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ABSTRACT 
 

In this paper, a junctionless nanowire MOSFET with the 

dynamic threshold voltage operation methodology (DT-JNT) 

is proposed and its characteristics are studied comparing 

with those of a conventional junctionless nanowire 

transistor (JNT) and a double-gate junctionless transistor 

(DG-JT) by TCAD simulations. The numerical results 

demonstrate that the DT-JNT shows a series of desirable 

features, e.g., integrating the advantages of the junctionless 

transistor, such as easy-to-manufacture, cost effective, etc 

and possessing dynamic threshold voltage, thus it enhances 

applicability to various circuit applications. In addition, 

when it is used by connect the control gate and the adjust 

gate together, its ON/OFF current ratio is enhanced. Overall, 

it holds the potential to be further used in the next 

generation nanoscale circuit design. 

 

Keywords: junctionless, nanowire, adjust gate, dynamic 

threshold voltage 

 

1 INTRODUCTION 
 

In recent decades, semiconductor industry has made lot 

of efforts to meet moore’s law. Researchers have developed 

and investigated various technologies aiming at fabricating 

devices in extremely reduced dimensions, an appropriate 

structure may be the best solution for device performance 

degradation resulted from the downscale [1-4]. Among all 

transistor architectures, cylindrical nanowire FET shows the 

highest robustness against short-channel effects because it 

provides best electrostatic control of the charges in the 

channel region[5, 6], while it holds good applicability to the 

circuit design. But for extremely reduced channel length 

devices, the formation of ultra-sharp channel/drain and 

channel/source junctions will be the ultimate limit. To solve 

this problem, a transistor doped uniformly in channel, 

source and drain regions, which is usually called 

junctionless transistor, was proposed and developed [7-11]. 

In this paper, the dynamic threshold voltage 

methodology, which is similar to the body bias in bulk-FET, 

is applied to junctionless nanowire to obtain further 

enhanced device performance. Traditional nanowires don’t 

have an electrically separable gate for such operation, so an 

inner gate is used in the core of a nanowire as an adjust gate 

which can be exposed to various voltages. Thus the 

transistor exhibits a dynamic threshold voltage as the adjust 

voltage changes. This makes the transistor better 

applications in circuit design. If the inner adjust gate is 

combined with the outer control gate, which is called 

common model operation and works like a double-gate 

MOSFET[1], the transistor exhibits overall performance 

enhancement. 

In adjust operation mode, we took the benefit of an 

independent gate to realize dynamic threshold voltage for a 

well applicability to the circuit and optimize the feature of 

subthreshold swing, ON-state current and OFF-state current. 

In the common mode operation, a strong electrostatic 

control function of the gate on the electronic field and 

charges in the channel brought about a best suppression of 

the SCE and enhanced the scalability of semiconductor 

device. Meanwhile, an improvement in characteristics of 

current as well as the subthreshold features was made. 

 

2 DEVICE STRUCTURE  AND 

PARAMETERS 
 

The schematic cross-sectional view along and vertical 

the channel are shown in Figure 1. The devices studied in 

this work are vertical cylindrical junctionless nanowire field 

effect transistors featuring a consistent implanted impurity 

concentration and two metal gates. In the cross section view 

layers from the inside out are adjust gate, adjust gate 

dielectric, silicon channel, control gate dielectric and 

control gate. 

The source, drain and channel regions can be fabricated 

by the same fabrication process because of the completely 

consistent doping type and doping concentration which 

make the nanowire junctionless. The gate metal work- 

 

 

Figure 1:  Cross-sectional view of DT-JNT along the channel 

and vertical to the channel with parameters listed in table І. 

Metal Adjust gate 

Silicon Channel 

Metal Control gate 

Gate dielectric (SiO2) 

Gate dielectric (SiO2) 
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Doping type PhosphorusActive 

Doping concentration 10
19

  (cm
-3

) 

Channel length 40  (nm) 

Channel thickness 5  (nm) 

Gate dielectric thickness 1.5  (nm) 

Outer edge radius of channel 9.5  (nm) 

Inner edge radius of channel 4.5  (nm) 

Control gate material WF 5.1  (eV) 

Adjust gate material WF  4.61 (eV) 

Table 1: The parameters of DT-JNT 

function is slightly larger than the affinity of channel 

material to turn the device off at zero gate bias. Details of 

parameters of the simulation are given in Table I. The 

work-functions are fitted aiming to get strong control 

ability as well as sensitive adjustment to threshold voltage. 

The particular structure of DT-JNT makes two working 

modes of the device. When the adjust gate is independent 

with the control gate, it is called dynamic threshold voltage 

mode, while the common mode is obtained by tying them 

together. The adjust voltage and gate length can be varied 

in the simulation in the two working modes. In dynamic 

threshold voltage mode, the adjust gate is exposed to an 

alterable adjust voltage. Therefore, the DT-JNT can obtain 

characteristic alterations and the transistor exhibits dynamic 

threshold voltage as the adjust gate bias changes, which 

permits it can be well applied for various circuit design 

purposes. In common mode operation, the device is 

evaluated versus the channel length comparing with 

corresponding DG-JT and JNT, which shows better overall 

performance. 

Device simulations are performed by using Sentaurus 

simulation tool and a careful calibration has been 

performed according to the data of JNT reported in [12]. A 

3-D drift-diffusion model without impact ionization is used 

and coupled with Poisson’s equations in the simulation. 

There is no trapped charge in the oxide layers. A density 

gradient model was utilized to account for the quantum 

effects. A quantum correction model is included to account 

for the very thin channel (less than 10 nm). The Auger 

recombination model and the Shockley–Read–Hall model 

are also included for the recombination and generation 

regimes in the highly doped channel. 

 

3 RESULTS AND DISCUSSION 
 

Numerical simulations are designed to evaluate the 

characteristics of the DT-JNT as well as those of 

corresponding JNT and DG-JT in comparable dimensions. 

Different voltages are applied to the adjust gate to carry out 

the dynamic threshold voltage and the alterable 

subthreshold swing and transistors of various gate lengths 

ranging from 10 nm to 130 nm are studied to demonstrate 

the enhancement of the new structure on scalability. The 

major target parameters for comparison are as followings. 

The threshold voltage is extracted based on maximum-gm 

method at Vds=0.05 V. The subthreshold swing is obtained 

by derivations method on the Id-Vg curve and it gives the 

slope directly in mathematical graphic. And the rest 

parameters are extracted by using the default algorithm of 

the simulation tool. 

 

3.1 Dynamic threshold voltage mode 

oepration 

The adjust operation is given by changing the adjust 

gate bias in order to get dynamic threshold voltage and 

overall device characteristics enhancement. The impact 

from a wide range of adjust gate bias has been investigated. 

Figure 2 shows the transfer characteristics (Id-Vg curve) 

of the n-channel DT-JNT at a channel length of 40 nm with 

adjust gate bias changing from -0.4 V to 0.4 V with step of 

0.2 V. The curve identified by star indicated the transfer 

characteristic when adjust gate is grounded. A positive 

voltage can shift the curve upward, whereas a negative 

voltage gets the opposite performance. Actually, the effect 

of the adjust gate bias on Ioff is more significant which will 

contribute to a larger ON/OFF current ratio. 
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 Figure 2: Transfer characteristics of DT-JNT in adjust 

operation mode with different adjust voltage(AV).  The 

used control gate length is 40 nm. 

The impact of adjust gate bias on subthreshold swing 

(SS) and threshold voltage (Vth) is shown in Figure 3. The 

SS increases when the adjust gate bias changes from 

negative to positive while the Vth decreases. An n-channel 

device requires a positive gate voltage to turn on, so the 

device will be easier to be turned on by introducing an extra 

adjust gate in the core and giving it a positive bias. That is 

to say, the dynamic Vth could be obtained by applying 

varying adjust gate bias. There is a rough negative 

relationship between the Vth with adjust gate bias, i.e., 0.4 V 

increase in adjust gate bias causes 0.1 V decrease in Vth. 

The drain leakage current (Ioff) changes a lot in adjust 

operation mode as shows in Figure 4. The Ion and Ioff show 

different tendency versus adjust voltage. The Ion increases 
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rapidly when starting and then the rate of growth slows 

down slightly. Contrary to the variation of Ion, Ioff has a 

flattening growth before it sharply shifts. The inset of 

Figure 4 tells how the ON/OFF current ratio changes. It 

shows that, by changing the adjust gate bias, the current 

variation tendency can be investigated to get a better switch 

feature and make the device applicable in various circuit 

design purposes. 
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 Figure 3: Variation of the threshold voltage(Vth) and the 

subthreshold swing(SS) of the DT-JNT versus the adjust gate 

bias voltage. The used control gate length is 40 nm. 
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 Figure 4: Variations of the  OFF-state current Ioff,  ON-state 

current  Ion and the  ON/OFF  current ratio of the DT-JNT at  

Vds=1 V versus the adjust voltage. 

It is worth mentioning that the variation of work-

function of the adjust gate material could have an impact on 

the sensitivity of the adjust operation. The adjust gate bias 

could be shifted to another range to improve the 

adaptability of the device. Thus the work-function 

engineering could be taken into account for further research. 

 

3.2 Common mode operation 

In this mode, DT-JNT will be working similarly to 

conventional double gate transistors which could be seen as 

two bulk FETs combined back to back. It greatly enhances 

the scalability of performance of the device. 

The transfer characteristics of the DT-JNT in this mode 

are compared with two counterparts in same dimension as 

Figure 5 shows. For precise comparison, the drain currents 

are normalized. In Figure 5 the DT-JNT and DG-JT line up 

almost completely and both have better transfer 

characteristics than the JNT. DT-JNT can be seen as a rolled 

double gate transistor, where one gate equals to the adjust 

gate surrounded by the channel and the other gate equals to 

the control gate surrounding the channel. 

It is observed from Figure 6 that the subthreshold swing 

and threshold voltage of the junctionless transistors versus 

the gate length in comparing with the three types of devices. 

Each device suffers from more or less degeneration when 

the device is scaling down, which becomes increasingly 

severe at deep nano size. The DT-JNT has best scalability 

among three architectures and it can maintain good 

characteristics for the ultra-scaling channel length, while 

the other two devices are unsatisfying. 
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Figure 5: Transfer characteristics of DT-JNT and 

corresponding JNT, DG-JT with same conductive area. 
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Figure 6: variation of subthreshold swing (SS) and threshold 

voltage (Vth) of the DT-JNT for different channel length 

corresponding to DG-JT and JNT 
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Figure 7: variation of ON-state current (Ion) and ON/OFF 

current ratio for different channel length of DT-JNT 

corresponding to DG-JT and JNT. 

Also as shows in Figure 6, the threshold voltage of JNT 

is lower than that of DT-JNT for about 0.1 V in most cases. 

This is attributed to the usage of the adjust gate. Different 

from the surface device which conducts current in the 

region of channel close to the interface and becomes off 

gradually while leaving the interface, the carriers of 

junctionless transistor distribute in the region away from 

the interface.. However, the proposed DT-JNT has an extra 

interface compared to the JNT, thus the current flows in the 

middle of the channel. The channel engineering could be 

modulated by the introduced adjust gate to achieve higher 

Ion and larger ON/OFF current ratio as Figure 7 shows. Much 

higher ON/OFF current ratio of DT-JNT is achieved compared 

to that of JNT, since the adjust gate bias is more effective to 

optimize the OFF-state current. 

 

4 CONCLUSION 
 

By introducing an adjust gate into to the jucntionless 

nanowire MOSFET, the DT-JNT is proposed to enhance the 

device performance and ahcieve dynamic threshold 

operation. Numerical study shows that the DT-JNT can 

achieve a higher ON/OFF current ratio compared with 

corresponding JNT and DG-JT and it has a wonderful 

suppression on the power consumption and threshold 

voltage roll-off. Above all, the most significant proceed of 

this structure is the dynamic threshold voltage. That comes 

from the adjust operation which is exclusive to this 

structure in nanowire transistor by applying different 

voltages to the adjust gate and this feature makes DT-JNT a 

better applicability for various circuit design purposes. 
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