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 A compact model for dual-material gate graded-channel and dual-oxide 

thickness with two dielectric constant different cylindrical gate (DMG-GC-

DOTTDCD) MOSFET was investigated in terms of transconductance, drain 

conductance and capacitance. Short channel effects are modeled with simple 

expressions, and incorporated into the core of the model (at the drain 

current). The design effectiveness of DMG-GC-DOTTDCD was monitored 

in comparing with the DMG-GC-DOT transistor, the effect of variations of 

technology parameters, was presented in terms of gate polarization and drain 

polarization. The results indicate that the DMG-GC-DOTTDCD devices 

have characteristics higher than the DMG-GC-DOT MOSFET. To validate 

the proposed model, we used the results obtained from the simulation of  

the device with the SILVACO-ATLAS-TCAD software. 
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1. INTRODUCTION 

Since the invention of the first transistor in 1947, then that of the integrated circuit in 1958, by Jack 

Kilby, the progress of microelectronics has been considerable, both at the improvement of the performance 

and the increase of the complexity of the circuits lower production costs. MOS (Metal Oxide Semiconductor) 

transistors on silicon used in CMOS architecture (Complementary MOS) are the main artisans of this 

continual progression and overwhelmingly dominate the semiconductor market.  

However, after almost twenty years of unrestrained racing of the dimensions of the electronic 

components, the problems are no longer limited only to the difficulties of implementation. We now see 

phenomena of a theoretical nature calling into question the advantages offered by CMOS technology. These 

include the lowering of the drain potential barrier (DIBL), short channel effects (SCE), phenomena of  

a quantum nature, gate tunnel current, and so on [1]. These phenomena have unfortunately become inevitable 

when the dimensions of the devices are drastically reduced and make miniaturization difficult or even 

impossible. To overcome these difficulties, one of the solutions is to modify the architecture of current 

components, in particular the increase in the number of grids in order to have better control of the current 

flow, appears to be a solution of choice for the future of the microelectronics [2]. It seems clear that 

transistors integrating a second grid such as the double-gate transistor and the FinFET are becoming essential 

solutions for the design of micro and nanoelectronic circuits [3]. 
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At this scale, one of the current locks for industrialists and especially integrated circuits (IC) 

designers is to improve existing compact models and establish new compact, reliable and simple models for 

modern components such as multi-gate MOS transistors, also known as Multi-Gates (MG) FETs. Thanks to 

their structures, these devices offer not only a higher current but also a better control of the channel when 

their dimensions are greatly reduced compared to the bulk MOSFET [4]. The Cylindrical Surrounding Gate 

MOSFET (SRG MOSFET) is an excellent candidate to continue the miniaturization of the MOS devices as 

well as to increase the density of integration in the CMOS circuits. Indeed, this architecture exhibits high 

performance for small dimensions and small radi of silicon (less than or equal to 5 nm), such as excellent 

electrostatic control, a slope below the ideal threshold, a low DIBL, etc [5-8]. 

The incorporation of dual material gate in DMG-GC-DOT MOSFET overcomes the device 

degradation due to a high electric field at the drain end. High metal work function on the source side (4.8 eV) 

and low work function on the drain side (4.4 eV) enhance the performance of the device and improves the 

carrier transport efficiency. Although DMG-GC-DOT MOSFET with dual gate material shows superior 

immunity against the SCEs, but still SCEs are not negligible for such device. Due to decreasing gate oxide 

thickness, the gate leakage problem increases. To reduce gate leakage current, high-k gate dielectric is mostly 

used as an alternative to replace SiO2 as the gate dielectric. In the double gate oxide architecture, material 

with high dielectric constant is presented in the oxide thin layer on the source side to increase the effective 

thickness and decrease the physical thickness of the oxide layer thereby reducing gate leakage current.  

In Graded channel, high doping profile at the source side and low doping profile at the drain side, enhance 

the concentration of electron on the source side and increases the mobility of carrier on the drain side. From 

the Poisson equation and the gradual channel approximation (GCA), the surface potential, threshold voltage 

and subthreshold voltage are calculated in a simple manner. 

In this work, the analysis of drain current is extended to obtain the expressions for transconductance 

mg  and drain conductance dsg  [9]. The effectiveness of DMG-GC-DOTTDCD MOSFET has been 

compared with the characteristics of DMG-GC-DOT MOSFET. The accuracy of the model has been verified 

by comparing the analytical results with simulated data obtained using ATLAS simulator. 

 

 

2. MODEL DERIVATION 

In this work, we have developed the model considering all important device engineering, as Dual-

metal Gate (DMG) [10, 11] Graded channel (GC) and Dual Oxide Thickness [12] with two different 

dielectric constant (DOTTDCD) surrounding-gate (DMG-GC-DOTTDCD), using parabolic approximation 

method which is valid for the other structures shown in the Figure 1-(b) [13], which gate has two metal  

( 1M and 2M ) with length 1L and 1L L are the two metal gates having different work function. The work 

function of 1M is higher than 2M  1 2  . The doping concentration HN in the halo region ( 1L ) is higher 

than LN in the rest of the channel  2 1L L L  and the thickness oxide 2oxt (SiO2) in the rest of the channel in 

the region 2 1L L L  is large than 1oxt (high-k) in the region 1L .  

 

 

 
 

Figure 1. Cross-sectional views of device design engineering; (a) DMG–GC–DOT,  

(b) DMG-GC-DOTTDCD with different permittivity of oxide 
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2.1.  Current model 

The drain current is predominantly given by the drift mechanism and can be expressed as: 

 

( ( ) )
( ) ( )

1 (1 )( ( ) )

ni
ds si ni

sat

dV z dz
I z t Q z

E dV z dz


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
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Where V(z) is the channel potential along the z direction, sit  is the radius of the device, ( )dV z dz  is  

the electric field along the z direction, 2sat sat niE   is the critical field, sat  is the saturation velocity, 

ni  is the mobility in the higher and lower metal work function region according to i equal to 1 and 2, 

respectively, and is given as 
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Where i  is a fitting parameter and the 1 expresses an impurity density dependence of mobility and is 

empirically given by 
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Where 0n  is the electron mobility. The parameters S and refN  involve trade-offs between phonon and 

impurity scattering, respectively, and given as S=450, 22 3
3 10refN m


  .  niQ z  is the surface charge 

density at a point z in the strong inversion region and is given by 

 

( ) (V ( ))
ini ox gs thiQ z c V V z     (4) 

 

Where gsV  is the gate to source bias, thiV  is the threshold voltage [14] for the two regions according to  

i equal to 1 and 2, respectively, and 
ioxc  is the gate oxide capacitance for two regions of the DMG-GC-DOT 

MOSFET. 

Substituting (2) – (4) in (1) and upon subsequent integration, results in the following expression for 

the drain current in the linear region:  
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2.2.  Transconductance formulation 

The transconductance is a crucial parameter in circuit design analog, must be as high as possible. 

The transconductance increases very rapidly when the channel length becomes less than 100 nm,  

is calculated by deriving the drain current with respect to gsV   dsV constant  and therefore makes it 

possible to verify the differential of the model, and is expressed as: 
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Using the equations of drain current (5) and (6) the expression for mg  in the linear region,  

is derived as given below. 
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2.3.  Drain conductance formulation   

The conductance is a significant parameter of the apparatus for analogical simulation of the circuit 

and is defined like: 
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Using the equation of drain current (5), the expression for dsg is derived to be, 
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3. RESULTS AND DISCUSSION 

Using the developed analytical models, the transconductance and drain conductance of DMG-GC-

DOTTDCD MOSFET is examined in terms of variation of gate source and drain source. The gate to source 

capacitance, Cgs and gate to drain capacitance, Cgd are calculated with respect to gate to source voltage by 

Atlas-3D simulator. 

The simulated results of DMG-GC-DOT MOSFET are compared to other devices such as DMG-

MOSFET, and DMG-DOT MOSFET. So high-k gate dielectric is used, in the DMG-GC-DOTTDCD,  

in the thin oxide layer on side the source to replace SiO2 to increase the effective thickness thereby reducing 

gate leakage current, this structure is compared with the DMG-GC-DOT. To verify these analytical models, 

the 2-D device simulator TCAD is used to simulate the device characteristics. 

Figure 2 shows the comparison between transconductance as a function of gate-source voltage 

characteristics as computed using the model DMG-GC-DOT and DMG-GC-DOTTDCD with 1 and 2 .  

The results are compared with the simulated results. The two are observed to be in close agreement. 

The variation of drain conductance has been plotted against drain-source voltage for DMG-GC-

DOT and 1 and 2 in DMG-GC-DOTTDCD structures in Figure 3. It can be analyzed that the drain 

conductance in DMG-GC-DOTTDCD higher than DMG-GC-DOT structure. 

Figure 4 shows a reasonable variation of the transconductance mg as a function of the gate-source 

voltage gsV for a low and a high value of the drain voltage 0.05dsV V and1V.It compared with the numerical 

simulation, good agreement is found for low and for high drain voltage. 

Figure 5 also illustrates the drain conductance dsg  in function of the drain voltage dsV  for  

different values of 0.5gsV V , 1V and 1.5V. A good agreement between analytical and simulated results 

validates the model.  

Figure 6 shows the capacitance sgC and dgC as functions of the gate voltage, for different values of 

the drain-source voltage. The modeled capacitance characteristics show a smooth transition between  

the different operating regimes. 

 

 

 
 

Figure 2. Comparison between DMG-GC-DOT and 1  and 2   

in DMG-GC-DOTTDCD structure for transconductance 
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Figure 3. Comparison between DMG-GC-DOT and 1  and 2   

in DMG-GC-DOTTDCD structure for drain conductance 

 

 

 
 

Figure 4. Transconductance vs gate-source voltage for different value of dsV   

in DMG-GC-DOTTDCD MOSFET structure 
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Figure 5. Drain conductance vs drain-source voltage for different gsV in DMG-GC-DOTTDCD structure 

 

 

 
 

Figure 6. Drain to gate capacitance (c,d) and source to gate capacitance (a,b) with respect to the gate voltage, 

for 0.1dsV V  (a,c) and 1dsV V  (b,d) 
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4. CONCLUSION 

In this paper, the characteristics of DMG-GC-DOTTDCD are presented in terms of 

transconductance, drain conductance and capacitance. It has been demonstrated that DMG-GC-DOTTDCD 

MOSFET provides a better immunity to SCEs as compared to DMG-GC-DOT MOSFET. It is analysed from 

the figures that the decreases of Vds causes the increase of conductance, also the results show that the DMG-

GC-DOTTDCD MOSFET structure provides greater transconductance than the DMG-GC-DOT MOSFET 

structure when increasing Vgs. It can be concluded that a very slight difference is observed between  

the two structures DMG-GC-DOTTDCD MOSFET and DMG-GC-DOT MOSFET for small voltages of  

Vds. Furthermore in DMG-GC-DOTTDCD structure the use of dielectric constant of SiO2  1 in 1oxt  and 

dielectric constant of high K  2 in 2oxt
 
leads to improved device performance. The results obtained from  

the models agree well with obtained using device simulator. 
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