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Abstract—In this paper, a comparison between Double 

Material Double Gate Surround Gate (DMDG-SG), Double 

Material Triple Gate Surround Gate (DMTG-SG) and Triple 

Material Triple Gate Surround Gate (TMTG-SG) MOSFETs 

is presented with the help of 2D model simulations. 
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I. INTRODUCTION 

The 20
th

 century marked the beginning of an era of 

miniaturization of computer and hand held gadgets with 

every possible application. It became possible by a process 

known as ‘Scaling’. But as the MOS dimension attained its 

physical limit, the scaling beyond 22-nm node became an 

almost impossible task. This enforced VLSI engineers to 

look beyond the conventional MOSFET structure and design 

new ones. The degree of Gate controllability started getting 

better and better with newer devices being developed like 

FinFET, Omega/Pi Gate MOSFET and Gate-All-Around 

(GAA). As the MOS structure is continued to be scaled 

down, a lot of undesired effects like SCE and DIBL also 

come into play. 

One of the prominent means to get rid of SCE is by 

using cascaded gate structure consisting of two or more 

metals of different work functions. This structure is 

commonly known as Double-Material-Gate (DMG) or 

Triple-Material-Gate (TMG). The metal gates are so 

cascaded that the gate near the drain is a metal with lower 

work-function and the source side metal is of relatively 

higher work function. As a result of this, the electron 

velocity and the lateral electric field along the channel 

increases sharply at the interface of the two gate material 

which further results in the increased gate transport 

efficiency. 

 
Fig. 1(a): 2-D view of DMDG-SG  

II. DEVICE STRUCTURE 

A schematic two dimensional view of the models are shown 

in the Fig.1.  The channel length and width was kept 30nm 

and 30nm respectively. Oxide thickness is 2nm. Source and 

drain length is 25nm. The doping was kept NA = 1x10
16

 cm
-3

 

for body and ND = 1x10
19

 cm
-3

 for source and drain. The 

metals chosen are Au (4.8eV), Mo (4.6eV) and Ti (4.4eV). 

For DMDG-SG metals taken are M1 (Au) and M2 (Mo). For 

DMTG-SG metals are M1 and M3 (Ti) and M2 (Au). 

TMTG-SG gates are M1 (Au), M2 (Mo) and M3 (Ti). 

III. RESULTS AND DISCUSSIONS 

In order to validate the model, we performed 2D numerical 

simulation of the above device using a TCAD simulator. 

The results are compared with the model developed. Fig.2. 

shows the variation of the surface electrostatic potential and 

centre electrostatic potential. The gate voltages of M1, M2 

and M3 were fixed at 0V, 0.1V and 0V respectively. The 

drain voltage was kept at 1.1V. It was observed that at low 

channel doping, the centre potential was higher than the 

surface potential for all the MOSFETS. The effect of using 

different material gates can be seen from the curves. The 

potential near the source side is lower than the drain side 

which proves that the source is well screened in case of 

DMTG-SG and TMTG-SG. This provides a greater control 

on channel formation to Control Gate. The peak voltage 

between gate and drain is lower as compared to single 

material gate. Hence it can be predicted that this provides a 

better protection against DIBL effects. 

 

Fig. 1(b): 2-D view of DMTG-SG and TMTG-SG 
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Fig. 2(a):  Potential along channel length at centre and 

surface of DMDG-SG. 

 

Fig. 2(b): Potential along channel length at centre and 

surface of DMTG-SG. 

 
Fig. 2(c). : Potential along channel length at centre and 

surface of TMTG-SG. 

Fig.3. shows the centre potential for Vds 0.1V, 0.5V and 

1.1V. In DMDG-SG and TMTG-SG the curves are almost 

the same. The centre potential shows upward movement 

with increasing Vds. In DMTG-SG, the curves follow the 

same pattern except at 0.1V where it is almost linear. This 

happens when the control gate and drain voltages are kept 

same. This shows the screening effect at both sides of the 

control gate is same due to the same material used in screen 

gates. 

 

Fig. 3: (a) Centre potential along channel length at various 

drain voltages for DMDG-SG. 

 

Fig. 3: (b) Centre potential along channel length at various 

drain voltages for DMTG-SG. 

 

Fig. 3 : (c) Centre potential along channel length at various 

drain voltages for TMTG-SG. 

Fig.4. shows the electron concentration at Vds = 1.1V. The 

channel formation can be seen at the centre. In DMDG-SG, 

the gate effect is almost at the center. In DMTG-SG, the 

gate effect is more near the drain than near the source. In 

TMTG-SG, the gate effect can be seen near the source too. 

This result proves that by using a material of higher work 

function than the control gate near the source, the source is 

better screened from the effects control gate. Hence curbing 

the SCE and DIBL. 
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Fig. 4 : (a) Electron concentration at Vds = 1.1V for 

DMDG-SG. 

 

Fig. 4: (b) Electron concentration at Vds = 1.1V for DMTG-

SG. 

 

Fig. 4. (c) Electron concentration at Vds = 1.1V for TMTG-

SG. 

Fig.5. shows the centre potential at different gate lengths for 

gate voltage 0.1V and Vds = 1.1V. In DMDG-SG, the gates 

are in ratio 1:2, in DMTG-SG and TMTG-SG the gates 

length is in ratio 1:2:3. It is seen that as the length of the 

screen gates increases, the magnitude of the minimum 

potential point rises with a shift towards the source side. It 

can be predicted that the DIBL reduces as screen gate length 

increases which is due to the shift in the minimum potential 

point away from the drain. But at the same time, other short 

channel effects rises due to the lesser control gate length and 

its lesser control over the channel. 

 

Fig. 5  : (a) Centre potential along the channel length for 

DMDG-SG at gate length ratio L1:L2 = 1:2 

 

Fig. 5 :(b) Centre potential along the channel length for 

DMTG-SG at gate length ratio L1:L2:L3 = 1:2:3 

 

Fig. 5 (c) Centre potential along the channel length for 

TMTG-SG at gate length ratio L1:L2:L3 = 1:2:3 

IV. CONCLUSION 

An analysis of double material double gate surrounding gate 

(DMDG-SG), double material triple gate surround gate 

(DMTG-SG) and triple material triple gate surround gate 

(TMTG-SG) MOSFET was successfully performed. The 

comparison results were derived using 2D model 

simulations. It was found that TMTG-SG is more 

advantageous than the other two because of three different 

materials used in the gates. Due to this, the source and drain 

can be screened differently as per the requirements 

generating optimum results. The effects of varying the gate 

length ratio on DIBL were also predicted. 
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