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Abstract: The linearity and RF Performance of a Junctionless Double Gate 

MOSFET (JL DGMOS) is investigated using the numerical TCAD device simulator. 

JL DGMOS have shown great promise for high performance digital application due 

to its superior short channel effect performance and ease of fabrication. In analog 

and RF circuit application, linearity testing and RF performance is an important 

issue which arises due to non linear behavior of the devices. In this paper, different 

figure of merits for linearity and RF/Analog performance parameters like 

Transconductance (gm), Intrinsic Gain (gmRout), Transconductance Generation 

Factor (gm/ID), Cut off frequency (fT ), Maximum frequency of oscillation (fmax), Gain 

Bandwidth Product (GBW), Variable Intercept Point of Second order (VIP2), 1-dB 

compression are analyzed. The effect of gate length down scaling on these 

performance parameters has also been carried out. The results reveal that down 

scaled JL DGMOS shows great promise to become a competitive contender for 

Analog/Mixed signal System On Chip (SOC) application by demonstrating a 

significant improvement in its RF performance with gate length downscaling. 
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1 INTRODUCTION  
THE advanced communication system requires low 

distortion and linear systems as fundamental block 

for their design. Continuous downscaling of MOS 

devices makes them attractive for analog/RF 

applications. However the biggest challenges that 

CMOS technology is facing is the short channel 

effects (SCEs), which arises due to aggressive 

scaling of device dimensions. As a result, the 

exploration of new device architecture and design 

are under intense study to alleviate detrimental 

SCEs. Due to its superior gate-controllability, 

Double-gate (DG) MOSFET has been regarded as 

one of the most successful candidate to extend the 

historical cadence of downscaling [1]. However, the 

difficulties associated with the formation of the 

abrupt source and drain junction imposes several 

challenges on the doping technique and the thermal 

budget [2]. In order to mitigate these problems, 

transistor without junction has been proposed as 

possible alternatives to the conventional junction-

embedded transistors [3]. The junctionless (JL) 

transistors offer reduced fabrication complexity 

owing to its low thermal budget, riddance from the 

requirement of a shallow abrupt junction and 

improved short-channel effect (SCEs) performance. 

JLFETs uses a constant doping concentrations 

throughout the drain, source and channel region [4]. 

In order to combine the superior gate-controllability 

of double-gate structure with the advantages of JL 

FETs, double-gate junctionless transistors (DG-JL) 

structures has been proposed [5, 6]. Recently, it was 

reported that DG JL FETs offer steep sub threshold 

swing and superior SCEs performance [7, 8].The 

initial result and analysis of JL DG FET is highly 

promising [9], and set the need for an in-depth 

exploration of the usefulness of such devices for 

analog/mixed-signal system-on-chip applications. 

Until now, the design of JL DG FET has been 

reported for ultralow-power digital applications. 

However, only a few reports is available in the 

literature [10, 11], investigating the usefulness of 

such devices for analog/mixed-signal applications. 

However, Cho et al. [10] have not provided the 

effect of downscaling on RF/analog performance 

and is remain unexplored till date. Therefore, the 

effect of gate-length downscaling on the 

performance figure-of-merits of DG JL FET is not 

only important for proper understanding of the 

characteristics of the device but also a prerequisite 

to design the ICs for RF/analog application. 

Therefore, in this paper, for the first time a 

systematic investigation has been done on various 

parameters of a JLDG MOSFET which is useful for 

analog/RF application. Here we have presented a 

simulation study to analyze the Analog/ RF and 

linearity performance parameters for its viability in 

SOC applications. In this paper we aim at providing 

greater physical insights related to effect of gate 

length downscaling on analog/RF and Linearity 

performance of the JLDG MOSFET, where various 

figure of merits like fT, fmax, GBW, gm/gd, VIP2 are 

investigated. This paper is organized as follows. 

Section 2 illustrates the device structure and the 

simulation setup considered in this study. Section 

3.1 and 3.2 provides the DC analysis & variation of 

analog performance parameter as a function gate-

length downscaling. In section 3.3, we discuss the 

impact of gate length downscaling on RF 

performance. In section 3.4, we analyze different 

FOMs related to linearity. Finally in section 4, the 

conclusion has been provided. 
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 Fig. 1. 2-D cross sectional structure of Junctionless Double Gate 

(DG) MOSFET. 

2 DEVICE STRUCTURE AND 
SIMULATION 

The Fig. 1 shows the 2-D cross sectional structure 

of a junctionless DG MOSFET considered in our 

analysis. The device comprises an uniform doping 

concentration 1019 cm-3 throughout the structure 

with thickness of silicon thin-film tsi=10 nm. In this 

study we have used HFO2 instead of conventional 

SiO2 to reduce the gate leakage tunneling [12] with 

an effective oxide thickness EOT equals to 0.8 nm. 

An N+ polysilicon gate with work function φm=5.5 

ev is used, while AuGe/Ni/Au is used for the 
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formation of ohmic contacts in different terminals. 

Two dimensional device simulations are performed 

for the Junctionless DG MOSFET using 

SILVACO-ATLAS [13]. Fermi Dirac carrier 

statistics along with conventional Drift Diffusion 

(DD) model has been adapted to model carrier 

transport in this simulation. Lombardi constant 

voltage and temperature model (CVT) is employed 

to estimate mobility reduction model accounting for 

temperature, recombination model combined with 

Auger Recombination model has been employed in 

order to model recombination characteristics. 

Newton and Gummel’s numerical iteration method 

are used to solve coupled differential equation such 

as continuity equation of electron and hole and 

current equation of electron and hole in ATLAS. In 

this study we have neglected Quantum Mechanical 

Effect (QME) due to the fact that QMEs and 

Ballistic transport are significant for devices with 

feature size less than 10 nm [14]. 

In order to calibrate the simulator, the transfer 

characteristics of DG JL MOSFET were fit to the 

results published by Duarte et al. [15] as shown in 

Fig. 2. The simulation parameters of Lombardi 

mobility model were adjusted and employed as 

fitting parameters. From Fig. 2 it is evident that both 

the results are closely matched. 

 
Fig. 2. The transfer characteristics of Double Gate junctionless 

transistor is calibrated with recently published result by Duarte 

et al. [15] in order to demonstrate and verify the correctness of 

the simulation considering the similar device structural device 

parameters. 

 

3 RESULT AND DISCUSSIONS 
3.1 DC Performance Analysis 

Once the above calibration is achieved, the same 

calibrated models are used for RF/analog analysis of 

JL DG MOSFET structures in this work.  

Fig. 3 shows the simulated characteristics of a 

junctionless DG MOSFET where for different gate 

length the variation of Drain current has been 

proposed. Fig. 3 revels that downscaled junctionless 

DG MOSFET provides improved ON state current 

ION but at the cost of higher sub threshold leakage 

current IOFF. 

 

Fig. 3. Variation of Drain Current ID with increase in Gate-to-

source voltage VGS for different Channel Lengths L = 40 nm, 50 

nm and 60 nm with tOX = 0.8 nm, VDS = 1 V, tSi = 10 nm. 

3.2 Analog Performance Analysis 

In this section the analog performance of the device 

has been analyzed where with gate length 

downscaling, different figure of merits are discussed. 

Fig. 4 plot the variation of transconductance as a 

function of VGS corresponding to VDS = 1 V. It is 

evident in Fig. 4 that the transconductance 

decreases with reduction in Channel length. 

 

Fig. 4. Variation of Transconductance (gm) with increase in Gate-

to-source voltage VGS for different Channel Lengths L = 40 nm, 

50 nm and 60 nm with tOX = 0.8 nm, VDS = 1 V, tSi = 10 nm. 

 

Fig. 5 shows the Transconductance Generation 

Factor (TGF) considered as the figure of merit to 

measure the efficiency to translate current in to 

transconductance. A lower TGF indicates reduced 

input device ability and higher power dissipation 

[16]. It is evident from Fig. 5 that lower TGF is 

obtained with a device of shorter gate length. 
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Fig. 5. Variation of Transconductance Generation Factor (gm/ ID) 

with increase in Gate-to-source voltage VGS for different Channel 

Lengths L = 40 nm, 50 nm and 60 nm with tOX = 0.8 nm, VDS = 1 

V and tS I = 10 nm. 

Fig. 6 demonstrates the variation of output 

resistance (ROUT) as a function of Gate-to-source 

voltage (VGS) for different channel length. A high 

output resistance is necessary in order to satisfy 

standard output requirement. However it is evident 

from Fig. 6 that output resistance degrades with gate 

length down scaling due to larger penetration of 

gain electric field, not allowing the current to 

saturate. 

 

Fig. 6. Variation of Output resistance (Rout) with increase in Gate-

to-source voltage VGS for different Channel Lengths L = 40 nm, 

50 nm and 60 nm with tOX = 0.8 nm, VDS = 1 V, tS i= 10 nm.  

Fig. 7 shows the intrinsic gain defined as the 

product of transconductance and output resistance 

(gm*ROUT) as a function of ID. A lower values of 

device gain is obtained from a downscaled device, 

therefore in general we may conclude that analog 

performance of a downscaled Junctionless DG 

Mosfet suffers with gate length down scaling. 

3.3 RF Performance investigation 

In this section we investigate the RF performance 

using standard figure of merits such as: (a) Cut-off 

frequency (b) Maximum frequency of oscillation (c) 

 

Fig. 7. Variation of Intrinsic Gain (gm*Rout) with increase in 

Drain Current (ID) for different Channel Lengths L = 40 nm, 50 

nm and 60 nm with tOX = 0.8 nm, VDS = 1 V, tSi = 10 nm. 

Gain Bandwidth Product, where the cut-off 

frequency (fT ) represents the minimum frequency 

for which the current gain is unity, fmax represents 

the frequency where gain equals to 10.The standard 

analytical expression for evaluating fT, fmax, GBW 

are given by [16]. 
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Where CGD, CGS, CGG represents the Gate to Drain, 

Gate to Source capacitance and total gate 

capacitance including the fringing and overlap 

parasitic capacitances. From Equations 1-3 it is 

cleared that RF performance are strongly influenced 

by the miller capacitance ratio CGD/CGS and allow 

with parasitic resistances. 

Fig. 8 shows the plot of CGD and CGS as a function 

of VGS for different gate length. It is evident from 

Fig. 8 that CGS/CGD decreases as channel length 

decreases. It was reported that CGS/CGD ratio 

increases for multiple gate devices as compared to 

single gate devices [17]. An improvement in this 

ratio indicates reduction in SCEs, which causes a 

reduction in Miller capacitance especially as L 

deceases. Therefore, the increase in the parasitic 

capacitances is compensated by the decrease in 

Miller capacitances resulting in a higher frequency 

of operation. 
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Fig. 8: Variation of Gate-to-Drain Capacitance CGD as a function 

of VGS for different Channel Lengths L=40nm, 50nm and 60nm 

and [Inset]: plot of variation of Gate-to-Source capacitance CGS 

as a function of VGS. 

Fig. 9 shows the variation of cut-off frequency fT as 

a function of VGS. fT is demonstrating a 1/L2 

dependency as gm proportional to1/L and CGD/CGS 

proportional to L at the sub threshold region fT 

attains a lower value and increases with ID until it 

reaches a maximum value at a specific gate bias. At  

 

Fig. 9.Variation of Cut-off Frequency (fT) as a function VGS. 

 

Fig. 10. Variation of Maximum Frequency (fmax) of oscillation as 

a function of VGS for different Channel Lengths L = 40 nm, 50 

nm and 60 nm with VDS = 1 V, tS i= 10 nm, tox = 10 nm. 

the peak point of fT, the transconductance reaches its 

maximum and gate to source/drain capacitance 

becomes lowest. As L increases fT decreases 

indicating a trade of between power efficiency and 

bandwidth, moreover by improving the interface 

charge trap density higher value of fT can be 

obtained. For different Channel Lengths L = 40 nm, 

50 nm and 60 nm with VDS = 1 V, tSi = 10 nm, tox = 

10 nm. 

The variation fmax as a function of VGS also 

demonstrates 1/L2 dependence shown in Fig. 10. 

However, it is worth mentioning that fmax depends 

strongly on geometrical parameters such as parasitic 

resistances (Rg, Ri, Rs/d). In our analysis 29nm thick 

Molybdenum gate metal is used resulting in a gate 

resistance Rg is given by [18]. 

L

W

3

R
R

sq,g

g     

Where, sq,gR is the sheet resistance of the gate 

material equal to 2.6Ω/sq for width of 10µm and Ri  

= 0.2/gm Ω and Rs/d = 160 Ω considering the typical 

values obtained from standard literature [19]. 

In Fig. 11 Gain Band Width Product (GBW) which 

is an important RF performance figure of merit is 

plotted against Gate-to-source voltage VGS. It is 

evident from Fig. 11 that GBW increases as channel 

length decreases due to reduction in Cgd dominating 

over the reduction in gm. 

 

Fig. 11: Variation of Gain Bandwidth Product (GBW) as a 

function of VGS for different Channel Lengths L = 40 nm, 50 nm 

and 60 nm with VDS = 1 V, tS i= 10 nm, tox = 0.8 nm. 

3.4 Linearity Analysis 

Linearity is an essential requirement in all RF 

system in order to ensure minimal inter-modulation 

and higher order harmonics at the output of RF 

front-end stages [20]. Traditional method of 

achieving linearity involve complex circuit design 

methods [21], and/or requires operation of the 
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device in the velocity saturation regime [22] which 

implies high supply voltages and large power 

consumption – a scenario that is not ideal for 

portable and low power applications. For a 

MOSFET, trans-conductance and output 

conductance are major causes of nonlinearity. This 

work mainly concentrates on the trans-conductance 

linearity due to its dominant role for today’s RF 

systems and circuits when considering the 

frequencies in question. Linearity is directly 

proportional to trans-conductance and is inversely 

proportional to the second derivative of the trans-

conductance [20] which indicates that devices with 

constant trans-conductance versus gate voltage 

curves, and small variations over a specific voltage 

range, are more linear. In the following analysis of 

linearity for JL DG MOSFET gm1, gm2 and gm3 is 

given by 

3

GS

DS
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V
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V
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VIP2 represents the extrapolated gate-voltage 

amplitudes at which the second order harmonic, 

becomes equal to the fundamental tone in the device 

drain current (ID). It is the suitable FOMs, which 

can properly determine the distortion characteristics 

from DC parameters; to achieve  

high linearity and low distortion operations, it 

should be as high as possible.VIP2 represents the 

extrapolated gate-voltage amplitudes at which the 

second order harmonic, becomes equal to the 

fundamental tone in the device drain current (ID) 

and is given by [23-24]. 
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It is seen from Fig. 12 that VIP2 increases 

significantly in 40nm channel length and it occurs at 

the lower gate bias, implies that lower gate voltage 

is needed to preserve the linearity, as compared to 

other higher order channel length. This is due to the 

reduced harmonic distortion, owing to the 

improvement in gate leakages, carrier transport 

efficiency and hence the device gain Moreover, in 

order to improve the RF performance of the device, 

the structural design parameter needs to be tailored; 

hence influence of various technology variations 

have also been studied. 

1-dB compression point is considered as a reliable 

measure of linearity evaluation at the onset of 

distortion and is given by [25, 26]  

 

Fig. 12. Variation of Second Order Variable Intercept Point (VIP2) 

as a function of VGS for different Channel Lengths L = 40 nm, 50 

nm and 60 nm for VDS = 1 V, tSi = 10 nm, tox = 10 nm 

 

Fig. 13. Variation of 1-dB compression point as a function of 

Channel Length with VDS = 1 V, tSi = 10 nm, tox = 0.8 nm. 
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gm
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The 1-dB compression point indicates the power 

level that causes the gain to drop by 1 dB from its  

small signal value. This parameter is important for 

an amplifier circuit as it gives an idea about the 

maximum input power that the circuit can handle by 

providing a fixed amount of gain. 

Fig. 13 clearly demonstrates that JL DG Mosfet 

having channel length 40 nm exhibits a higher 1-dB 

compression point in contrast to channel length 

50nm and 60 nm devices, owing to enhanced gate 

control and hence higher transconductance. For low 

distortion operation, 1-dB compression point needs 

to be maximized; thereby JL DG MOSFET device 

having shorter channel lenth are presenting it as an 

attractive and promising alternative for high 

linearity ultra-wide band (UWB) low noise 

amplifier (LNA) design and RF applications. The 
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linearity improves with further tuning of device 

parameters in terms of gate length scaling. 

4 CONCLUSION 
In this paper, we have comprehensively discussed 

about the Analog and RF performance of 

Junctionless DG MOSFET along with its linearity 

analysis. This paper analyzes the trend of the 

variation of the performance parameters like 

Transconductance, Intrinsic Gain, 

Transconductance Generation Factor, Cut off 

frequency (ft ), maximum force of oscillation (fmax ), 

Gain bandwidth product, VIP2, 1-dB compression 

point as a function of gate length downscaling. 

From the results, it is evident that device having 

shorter channel length exhibits superior RF 

performance augmented with better linearity, in 

contrast to analog performance which suffers with 

gate length downscaling. This indicates the 

necessity of a trade-off and optimization between 

the power efficiency (Analog performance) and 

bandwidth (RF performance). Moreover, it can be 

concluded that the JL DGMOSFET device can be 

considered for next generation Analog/RF SoC 

applications due to the notable improvement in RF 

performance and also due to its inherent ease of 

fabrication. 
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