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Abstract: This paper presents the simulation results of a double gate 

hetersostructure MOSFET by 2D device simulator, with effective channel length 

down to 12 nm. A detailed investigation of the impact of gate dielectric material on 

different Analog and RF performance of an InGaAs/InP heterostructure DG 

MOSFET is carried out. A thorough analysis of the key figure-of-merits such as 

transconductance (gm), cutoff frequency (fT), maximum frequency of oscillation 

(fmax), VIP2 and VIP3 are performed for various dielectric materials with dielectric 

constant varying from 3.9 to 22. Numerical device simulation data, obtained using 

2D device simulator: ATLAS, were compared for different gate dielectrics. 
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1 INTRODUCTION 
As bulk MOSFETs are scaled down to the order of 

nanometres, the short channel effects (SCEs) 

seriously affect the characteristics of MOSFETs [1]. 

At the nano-dimensional scale, the influence of 

SCEs on the characteristics of conventional 

MOSFETs cannot be ignored. Various traditional 

methods like scaling the dielectric and reduced 

junction depths have been employed to control the 

SCEs, but each one of them has the limitation. The 

biggest steps forward have come from the 

introduction of new materials and new transistor 

architectures into silicon CMOS [2]. Many novel 

structures have been proposed for the nanoscale 

regime [3-10]. One of the most promising solutions 

is double-gate (DG) concept [4-5] in which, the 

channel is so thin that it is fully inverted when gate 

voltage is applied and this reduces SCEs. 

Advantages, mainly due to so-called volume 

inversion in the channel, have been expected from 

the double-gate (DG) devices. The second gate, 

gives an extra control of the charge. Therefore, 

Double Gate devices are rich in phenomena 

relating to the semiconductor thickness and 

affecting the charge distribution and carriers 

mobility. Also, most III-V materials can provide 

extremely high electron mobility because of its low 

electron effective mass. These high mobility III-V 
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semiconductors have significant transport 

advantage, and are being extensively researched as 

channel materials for upcoming highly scaled 

devices [8-9]. From published results, it is known 

that the III–V based device showed excellent 

control of SCEs, reduced delay and higher on 

current than that of silicon-based device of same 

dimension [9, 11]. 

The aim of this paper is to present the design and 

performance considerations of the proposed double 

gate heterostructure MOSFET using two-

dimensional simulation. The impact of gate 

dielectrics variation on transconductance (gm), cut-

off frequency (fT) and maximum frequency of 

oscillation (fmax) are rigorously examined in this 

work. 

2 DEVICE DESCRIPTION AND 
SIMULATION APPROACH 

The structure of the InGaAs/InP heterostructure 

DG MOSFET device used in this work is shown in 

Fig. 1. The device (Fig. 1) has gate length Lg=12 

nm. The source/drain lengths are 2 nm; the top and 

bottom gate has equivalent oxide thickness of 

tox=1.2 nm with different dielectric. The device 

has source/drain regions doped at 1020 /cm3 and 

uses abrupt doping at source/drain ends. The 

channel contains III–V heterostructure, consisting 

of narrow band In0.53Ga0.47As layer sandwiched 

between two wide band InP layers [11]. In this 

device both the gates are connected to the same 

potential and they have the same dimensions so it is 

known as symmetric DG-MOSFET. 

Two-dimensional drift-diffusion (DD) numerical 

simulations are done with the ATLAS TCAD 

device simulator [12]. According to International 

Technology Roadmap for Semiconductors (ITRS), 

the drain bias has been fixed at VDD = 1.0 V [13]. 

In this formalism, the basic semiconductor 

equations include Poisson equation and carrier 

continuity equations, where the current results from 

either drift or diffusion process. Newton numerical 

method is used. The Shockley–Read–Hall (SRH)  

generation and recombination model is 

incorporated in this simulation to simulate the 

leakage current. Other device parameters used in 

this simulation is tabulated in Table 1. 

Other device parameters used in this simulation 

is tabulated in Table 1. 

 

 

Fig. 1. Structure of the InGaAs/InP heterostructure DG MOSFET. 

Table. 1. Device parameters used in simulation. 

Parameters Value 

Source and Drain doping 1020 /cm3 

Channel length 12 nm 

InGaAs Channel width 2 nm 

InP Barrier thickness 2 nm 

Gate Work Function 4.25 eV 

Drain Supply Voltage 1V 

We have calibrated our device simulation model 

parameters by matching our simulation results with 

the published experimental results. A detail of the 

calibration is explained in our previously published 

work [14]. Once the matching is achieved, the 

same calibrated model parameters are employed for 

other simulations to simulate the effect of different 

gate dielectrics. 

3 RESULT AND DISCUSSION 
The drain current Id of the device under study as a 

function of gate voltage Vgs varied from -1V to 2V 

is measured with fixed drain voltage (Vds) of 1V. 

The transfer characteristics of the DG MOSFET 

obtained is shown in Fig. 2. From the graph it is 

observed that as the dielectric constant of gate 

dielectrics increase, the ON current of the device 

increase and OFF current decreases. So, it is clear 

that high-k dielectric material is advantageous to 

achieve higher on off current ratio. 

The simulated transconductance (gm) versus gate 

to source voltage is shown in Fig. 3 for different 

gate dielectrics. As the dielectric constant of gate 

dielectrics increase, the transconductance (gm) of 

the device increases. So, it is clear from the 

analysis that high-k dielectric material is better to 

have higher transconductance of the device. 

 
Fig. 2. Drain current (Id) as a function of gate to source voltage 

(Vgs) for different dielectric material. 
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Fig. 3. Variation of transconduance gm as a function of gate to 

source voltage (Vgs) for different dielectric material. 

The analysis of the RF performance of the device is 

done by computing Cut-off frequency and 

maximum frequency of oscillation. The Cut-off 

frequency, fT corresponds to the frequency for 

which the magnitude of short circuit gain drops to 

unity, whereas maximum frequency of oscillation, 

fmax is defined as the frequency at which the 

magnitude of the maximum available power gain 

drops to unity. Expressions for fT and fmax may be 

obtained from literature as follows [15]: 
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Where Rg, Rs, and Ri are the gate, source, and 

channel resistances, respectively. gds is the output 

conductance. 

Fig. 4 shows the total intrinsic capacitances 

(Cgg=Cgs+Cgd) as a function of gate bias Vgs. It is 

observed from the figure that the intrinsic 

capacitance increase swiftly in the super threshold 

region. This is because of the increase in the 

fringing field lines emanating from the gate edges. 

 

Cut-off frequency, fT is one of the most important 

parameters for evaluating the high frequency 

performance of the device. Fig. 5 shows the 

variations of cut off frequency (fT) with respect to 

Vgs for different gate dielectrics. fT decreases due to 

gm because of mobility degradation at higher gate  

 
Fig. 4. Variation of gate capacitance as a function of gate to 

source voltage (Vgs) for different dielectric material. 

bias. From the graph, it is observed that if dielectric 

constant of gate dielectrics increase, peak of the 

cut-off frequency is obtained for the device for 

higher gate bias. Fig. 6 shows the extracted fmax as 

a function of gate voltage for different gate 

dielectrics. 

 
Fig. 5. Comparison of the cutoff frequency fT as a function of the 

gate voltage Vgs for different dielectric material. 

 
Fig. 6. Comparison of the maximum oscillation frequency, fmax 

as a function of the gate voltage Vgs for different dielectric 

material. 
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For a direct evaluation of RF linearity performance 

of the device, VIP2 and VIP3 is estimated. VIP2, is 

the extrapolated gate voltage amplitudes at which 

the second harmonic becomes equal to the 

fundamental tone in the device’s drain current 

Third Order Voltage Intercept Point VIP3 is 

defined as the extrapolated gate voltage amplitudes 

at which the third order harmonic become equal to 

the fundamental tone in the device’s drain current. 

VIP2 and VIP3 is mathematically given in 

equations (3 & 4) below [14]. 
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Fig. 7. VIP2 as a function of the gate to source voltage Vgs for 

different dielectric material. 

 
Fig. 8. VIP3 as a function of the gate to source voltage Vgs for 

different dielectric material. 

Figs. 7 and 8 shows the variation of VIP2 and VIP3 

as a function of gate to source voltage for different 

gate dielectric materials. The position of the peak 

point shifts to higher Vgs as dielectric constant 

increases. From Fig. 8, it appears that to achieve 

high linearity (i.e., large VIP3) the gate bias has to 

increase for a device with high-k gate dielectric. 

4 CONCLUSION 
This paper assesses the performance of an 

InGaAs/InP heterostructure DG MOSFET for 

analog/RF applications. From the extracted 

performance parameters, the impact of the gate 

dielectric material property on the ultimate 

performance of the device is examined theoretically. 

From the analysis, it is found that the RF and 

Analog performance of the device improves by 

using material with higher dielectric constant as 

gate dielectric. This work provides the design 

guidelines for future research and investigation of 

the heterostrucutre III-V DG MOSFETs. 
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