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Abstract--This paper presents the design and simulation of junctionless double gate graphene FET. This design uses the
new materials which have high K. Without suffering serious short channel effects, the designed JL DG graphene device
shows excellent characteristics. The designed device shows reduced leakage current, Small SS, high lon/loge. The results
obtained show the improvement in the transistor performance for certain parameters.
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I. INTRODUCTION

Recently, junctionless field-effect transistors have become a promising candidate to overcome the limitations of device scaling.
These transistors have superior control of short channel effects. A large number of studies focus on sub 10nm devices. Among
these devices, the JLFET has more advantages over the conventional inversion mode FETS. These advantages include ease of
fabrication, relieving the limitation of thermal budget owing to no source/drain junctions and high immunity to surface scattering.

SCE improvement has become extremely difficult with the CMOS technology scaling for the conventional technology. For
this, multi-gate and junctionless FETs are very well known. By using multi-gate structure, there will be ease to control the
channel.

Figure 1 Junctionless FET: emerging post CMOS devices

In this paper, the double gate is considered because of its advantages such as: the increase of current provided by this device,
for the same channel length, high Ion/lose. This double gate FET is wise choice in place of BULK MOSFETS. In this device, both
the gate are placed in symmetry covering the channel which are present at the opposite of each other. Moreover, both the gates are
connected to the same potential and they have same dimensions.
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Figure 2 Simple Double Gate FET
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Graphene is a form of carbon consisting of planar sheets which are on atom thick, with the atoms arranged in honeycomb-
shaped lattice. Graphene is the strongest and thinnest material and it is a super conductor of heat and electricity. Graphene can be
used in transistors, semiconductors. The graphene devices are much faster than existing Si devices.
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Figure 3 Graphene FET

In this paper, by combining all the above, we proposed junctionless double gate graphene FET. We use high-k materials in this
device.

The rest of the paper is organized as follows: Device structure and its simulation is discussed in section Il, simulation results
are discussed in section |1, followed by conclusion in section IV and future scope in section V.

1. DEVICE DESIGN AND SIMULATION

This paper presents the junctinless double gate graphene FET. Here, high-k materials are used to reduce the leakage current and to
increase the performance of the device. Some of the high-k materials used as gates are HfO, ZrO, and TiO,. By using these
materials, the performance of the device has been improved.

Figure 4 Junctionless Double Gate Graphene FET

Here, graphene material which is the emerging material is considered as the channel. This material is the thinnest and the
strongest of all the materials. This is placed above the substrate. With the use of this material in the device, the speed of the device
is increased and the device can be used for high frequency applications.

Table 1 High-K Dielectric materials and specifications

SiO, HfO, Zr0, TiO,
Relative dielectric 3.90 25 24 80
Specific Heat(j/kg k)

7.09E+02 2.61E+02 4.50E+02 6.90E+02
Thermal 1.38 22 2 7.4
conductivity(W/mk)
Electrical conductivity(S/m) | 1.00E-15 1.00E-12 3.16E-11 1.00E-13
Density(kg/m°) 2.2.E 9.68E 5.68E 4.95E+03
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In the device, the substrate is taken as SiO, and then a graphene channel is taken above the substrate. Different materials such as
Si, Al, SiGe, Cu can be considered for source and drain. These materials can also be taken for source, drain and gate metals.
High- k materials HfO, and ZrO, are considered for gates and all these materials can be changed and results can be obtained. With
the use of these, the leakage current in the device is reduced.

The Sub-threshold swing (SS) of a device is defined as the change in gate voltage which must be applied in order to create a one
decade increase in the output current.

lon/lore is the figure of merit, for having high performance(high loy) and low leakage power(less loge). This device exhibits better

lon/lorr.
111 RESULTS AND DISCUSSION

The characteristics of the junctionless double gate graphene FET were simulated using the open source 2DCC TCAD simulator
by varying the device parameters. The device parameters used are: channel length L= 25nm, Si thickness t;=20nm, equivalent
gate oxide thickness t,,=5nm, Lsq-10nm doping concentration of the source and drain contact regions Np= 10%m?. The I4vs V4
and lq vs Vg characetistics of the device is studied and also the impact of high- K materials on the device is also studied.
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Figure 5 15V, and 13-V, 0f JL DG Graphene FET (With gate HfO,/ ZrO,, t,,=5nm, L;-10nm and Np= 10°°cm®)
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Figure 6 15V, and 14-V4of JL DG Graphene FET (With gate TiO,, t=5nm, Lsy =10nm and Np= 10%%cm?)

This device has the smaller S.S close to 100 mV/dec and limited SCEs (DIBL ~ 81mV/V).

It has been observed that this device has the better control, higher drive current, reduced short channel effects, reduced leakage
current and high lon lore(>10°).
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Table 2 Comparison of Ion/loer and leakage current
Materials lon/loee Leakage current
High-K materials(HfO, ZrO, TiO, | Ratio of >~10° for a channel length | Very high reduction of leakage
of 20nm current
SiO, Ratio of ~10° for channel length of | low reduction of leakage current
20nm

1V. CONCLUSION

Junctionless Double Gate Graphene FET is designed and simulated in this paper. In this device, the high- K materials are used
such as HfO,, ZrO,, TiO, By these materials, the performance of the device is improved. An emerging electronic material,
graphene is considered as the channel in the design. The device performance is analyzed by using the high- K dielectric materials
and found better controllability, reduced leakage current, high drive current and high lon/lore(~>10°) with the channel length of
20nm.

V. FUTURE SCOPE

In this paper, we used an emerging electronic material, graphene. This material provides promising properties for future CMOS
technologies. With its unique properties, it can be the successor of Si. For production of high speed electronic devices in future,
graphene can be highly used. As Si devices are running out of ways to increase performance and low power consumption,
graphene can completely replace it in the future.
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