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Abstract - As we are approaching the limits of  scaling, Scaling down the thickness of gate oxide is not found to be a good
idea, as it causes a reduction in ON-OFF current ratio though S/S remains mostly unaffected. so we propose the impact of
variation in design parameters, such as spacer length and spacer material type, gate dielectric and its thickness, and
integrate distance on the device performance of a DG spacer-based silicon nanowire ambipolar FET (SINWFET),has been
carried out for the first time. The design of spacer-based potentially improved reconfigurable FET devices for future low-
power CMOS applications. It reports various optimization aspects of an ambipolar silicon nanowire field-effect transistor
with high-x source-drain (S/D) spacer using coupled 3-D Technology.

Keywords - SINWFET, Spacer, ambipolarity, variability, high- k.

l. INTRODUCTION

As we are approaching the limits of scaling for new devices is becoming indispensible for continuing the performance gains.
Silicon nanowire-based field-effect transistors are considered as an ideal replacement to planar as well as fin-

Shaped field-effect transistors for future low-dimensional electronics [2]-[4].

Many of their keynote advantages as compared with bulk device topologies are reduced short-channel effects (SCEs) and
higher ON-OFF current ratio under similar biasing arrangements [5-6]. They have also proven their usefulness inbiosensing,
logic computation, and other high-frequency-based applications. The high input impedance and low output impedance and low
noise level make FET for superior of the bipolar transistor.

In transistor family we are having the many advantages but along with that we are having some drawbacks. So that we
move to the another type of transistor called Field effect transistor (FET) In normal FETs we have many advantages like high
input impedance of several mega ohms. The noise produced by a FET is less than that produced by a BJT but they have the
smaller gain bandwidth product compare with the other transistors. Carbon nanotube field-effect transistors showing different
transistor characteristics due to a change resulting from Schottky barrier modulation at the contacts to bulk have been
demonstrated in [8], and the equivalent circuit model for Schottky barrier at metal/semiconductor junction for a carbon nanotube
is discussed in [9]. For the last few years, programmable nanowire field-effect transistors relying on the proper tuning of Schottky
barriers have been a topic of intense research [10]-[12] because of their added advantage over conventional CMOS devices,
which have static electrical characteristics. Being fully compatible with the conventional CMOS process flow [13]. A triple metal
double gate (TM-DG) MOSFET with high-k dielectrics has been proposed to overcome the short channel effects. The metal
gates have been used to remove the poly silicon depletion of conventional double gate (DG) MOSFET due to aggressive scaling
to sub 100 nm regimes. It has been observed that use of metal gate with different work functions along with high-k dielectric
improves the carrier transport in the channel [14]. A modified structure of TFET incorporating ferroelectric oxide as the
complementary gate dielectric operating in negative capacitance zone, called the Negative Capacitance Tunnel FET (NCTFET).
The proposed device effectively combines two different mechanisms of lowering the sub threshold swing (SS) for a transistor
garnering a further lowered one compared to conventional TFET [6]. In [20], we have demonstrated a novel approach to improve
the performance of a dual-gate (DG) ambipolar FET with the help of source—drain (S/D) spacer engineering. It has been observed
that the device under study shows superior electrical characteristics like improved current drive and lower Sub threshold swing
(S/S). In this paper, we observe the impact of variation of critical design parameters, such as spacer length (Lsp) and thickness
(tsp), dielectric constant of spacer material (ksp), gate oxide thickness (tox) and intergate separation (deicz) on device
performance. Our simulation results show that though high-x spacer improves device performance like lon , S/S.

In section 1 we discuss the overall design metrics like literature, In Section I1, deals with Si nanowire device structure as well
as highlight the 3-D simulation methodology used. Sectionlll summarizes all the obtained results. Finally Section 1V deals with
conclusion and future scope of the paper.

1. DEVICE STRUCTURE
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Fig: 1. 3-D isometric view

This is the basic silicon nanowire based field effect transistor in 3-D form. The proposed structure have the silicon
nanowire of length 680nm, around with that nanowire we are using the Rutile phase TiO2 Gate dielectric of thickness 10 nm,
which is used as a replacement of SiO2 for better off state performance. Due to the use of gate dielectric as TiO; it increases the
electron density as 1.5*102° cm with HfO, and 2.2*10%° cm® with SiO,. NiSi, is employed at source and drain periphery forming
schottky contacts. Metal and semiconductor combine and form the junction, that junction can either rectifying or non-rectifying.
The rectifying M-S junction forms a schottky barrier. Making device known as schottky diode and non- rectifying is called as
ohmic contact. Schottky diode has higher current density than an ordinary P-N junction. The most important difference between
the p-n diode and the Schottky diode is the reverse recovery time (tr), when the diode switches from the conducting to the non-
conducting state. In a p—n diode, the reverse recovery time can be in the order of hundreds of nanoseconds to less than 100 ns for
fast diodes. Schottky diodes do not have a recovery time. Not all metal-semiconductor junctions form a rectifying Schottky
barrier, a metal-semiconductor junction that conducts current in both directions without rectification. The forward and reverse
biased schottky diode is shown in below figure.
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Fig. 3. Reverse bias
A small gap of 5 nm is kept between outer gate edge and NiSi2/Si Schottky contact to incorporate HfFO2 Spacer (Lsp = 2
nm and tsp = 10 nm) on both S/D ends. To model the impact of air Spacer in the TCAD simulations and correctly describe the
interaction between gate and Schottky contact, a low-«x spacer is placed in between the high-x spacer and S/D electrodes. This
spacer arrangement in our structure is shown in fig.4
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Fig .4. Magnified view illustrating the position of spacer.
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The device operates on alternative tuning of control gate (G1) and polarity gate (G2) voltages. Whereas G1 controls the channel
formation by a particular carrier type, G2 blocks the injection of alternate carriers into the active region of nanowire. To make the
device behave as a NFET, both the drain and polarity gate (G2) are kept at fixed positive biases, and control gate voltage (VG1) is
swept to higher positive values which results in downward band bending the portion at which all band edges merges together
marks the formation of NiSi»/Si schottky junctions. In this design we use the NFET model .if we want PFET we reverse the above
arrangement and observe the variations. At room temperature drift-diffusion numerical simulation framework is considered within
the silicon core, and both barrier lowering and barrier tunneling models are activated at the S/D junctions to consider the 2-D
quantum confinement effects and charge transport of carriers. Electron and hole tunneling masses are chosen as 0.19 and 0.16 mo.

The use of the low-k spacer and high-k gate dielectric leads to a high on-current, ION, and reduced sub threshold slope.
The proposed structure increases ION by a factor of 3.8 and reduces the sub threshold slope by a factor of 2 compared to other
structures.

I, SIMULATION RESULTS
A. Effects of Variation in the Spacer Length (Lsp):

In our design we use the spacer length as 2 nm and then we observe the structure but those figures are not obtained in regular
usage software so we only use the comparison table with various spacer This accounts to the parasitic injection of electrons at
drain contact at higher Lsp. Table | shows the 2-D electron velocity comparison in the silicon nanowire core at VG1 =3V, VG2
= 1.5V, and VDS = 0.8 V, as a function of spacer length, thickness, and spacer material type. With increase in Lsp from 1 to 2
nm. The device displays 50.01% higher carrier velocity which relates to improved electrostatic coupling near the Schottky
junction
At higher spacer lengths.

Table 1
Variation of electron velocity with spacer

Performance parameter Variation with spacer

LSp: 1nm Lsp: an

3.9*10° 7.803*10°

Tsp=7nm Tsp=10nm

Max electron velocity 6.7*10° 7.803*10°
(cm/sec)

Spacer k=3.9 | Spacer k=25

3.7*10° 7.903*10°

It is observed that the use of a high-k dielectric as a spacer brings an improvement in the OFF-state current by more than
one order of magnitude thereby making the device more scalable. However, the ON-state current is only marginally affected by
increasing dielectric constant of spacer. The effects of spacer width (Ws,) on device performance are also studied. ON-state
current marginally decreases with spacer width. Similar observations can also be seen when Spacer Width is changed from 7 to 10
nm, though the improvement obtained in peak velocity is only 13.04%. This shows that coupling does not increase significantly
with increase in spacer Width mainly because of the physical distance and lesser impact of tsp on outer fringe lines. Finally,
~T72% increase in Vmax with the inclusion of high-x (HfO2) spacer relates to a significant rise in the concentration of the fringing
electric field near the NiSi2/Si Schottky contact.

B. Effects of Variation in Dielectric Constant of Gate Oxide:

We observe the device performance comparison for various gate dielectrics in fig 5. The Equivalent oxide thickness in
each case is fixed to 0.67 nm, and different cases are considered for comparison as TiO, (k=60) and SiO, (k=3.9) With TiO2 gate
oxide, the peak electron density increases by 1.5 x 10%° ¢cm® and 2.2 x 10%° cm™ at a distance of 0.19 um from the source
electrode as compared with the SiO.. when there is an enhancement in the internal fringe field due to a higher x value of gate
dielectric (TiO2) than that of the spacer, the applied potential on the gate is mainly coupled through the gate oxide and results in
an increase in carrier densities at the designated places .
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Fig. 5. Impact of TiO2 as gate dielectric on
(a) Electron density, (b) electrostatic potential.

In above fig by varying the distance of the spacer we get different values of potential, density. those are also observed for

different spacers.

Variation of on current in proposed design:
By using the spacer of HfO, and TiO, we may get the some variations as that schottky contacts form a junction in the
device due to that we can get the current values of on current those are useful to get the on-off current ratio. This lon/loff ratio

increases by increasing the on current, and by decreasing the off current with the usage of schottky contact.
The fig .6 shows the variation of current with different voltages. For a small value of voltage variation also get large

variation in the current. Here we observe the on current and drain current of the structure shown below.
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Fig 6: (a) voltage vs. on current (b) voltage Vs drain current
Related parameters variations:

In our structure we are using the spacer and silicon nanowire due to these we get more effective observations then the
existed techniques. It is found to degrade by 11.7 and 78.9 ps with scaling of intergate distance in case of nFET for HfO2 and
SiO2 spacers, respectively. However, in the case of pFET, the effect of rise in coupling capacitance is actually offset by a
substantial increase in drive current for which the delay (zd ) is found to increase by 47.4 and 77.7 ps for HfO2 and SiO2 spacers,
respectively, at higher dG1G2 . we observe the variation of electric energy with the transmission coefficient .in our design we
observe that our spacer is more comfortable then other spacers , we also observe with different spacers the variation in the on-off
current ratio of our design below table 2 shows the different parameter varies with different spacers among those TiO> is more
advantageous spacer than other compounds due to its high dielectric value.

Table 2 Variation in device performance with different spacer materials
Spacer material | loff NFET | lon NFET | lon / loft
(x10Y7A) | (x10%) | (x10Y)
SiO; 1.18 0.829 0.702
SizNg 0.478 1.29 2.69
HfO, 2.16 2.13 0.986
TiO; 4.89 2.7 0.552

V. CONCLUSION AND FUTURESCOPE

This paper shows a novel concept to improve the performance of a dual gate ambipolar FET architecture using high-x S/D
spacers. Extensive benchmarking with the existing reconfigurable device topologies shows that the proposed device exhibits
improved electrical characteristics like higher ION/IOFF and lower S/S along with substantial reduction in sub threshold leakage
current, which makes it perfectly suitable for low power digital design. the proposed device shows very low OFF-current, which
makes advantageous for energy-efficient low-power applications. Apart from this, significant improvements in terms of ION and
S/S are also obtained as compared to previously reported ambipolar devices based on silicon. It is worth mentioning that all the
above mentioned performance gains are obtained at scaled supply voltage than those reported earlier. Our structure can further
implemented for design of spacer-based potentially improved reconfigurable FET devices for future low-power CMOS
applications.
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