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1.Abstract: This paper presents and employs TCAD modeling to demonstrate a source/drain
configuration for nanowire FETs, including an extended doping profile, spacer dielectric
constant, and spacer width. The results indicate that, although having a relatively large
nanowire diameter, asymmetric graded lightly doped drains (AGLDD) provide excellent
control over short channel effects (SCE) and have strong driving capabilities. By using high-k
spacer material and changing the width of the drain spacer, it is possible to achieve desirable
SCE immunity and increase the overdrive current, while ensuring that the parasitic
capacitance remains within an acceptable range. This proposal provides a practical

framework for developing low power nanowire FETs in the future.

2.Introduction:

Maintaining Moore's law has become more challenging as the critical component of CMOS
technology gets closer to sub-10nm because of more severe problems with power
consumption and the short channel effect (SCE) [I]. There has been a lot of interest in the
gate-all-around nanowire MOSFET due to its outstanding channel potential controllability
[2]. Lateral nanowire FETs (LNWFETSs) and nanowire FETs (NWFETSs) are the two kinds of
nanowire placement orientations that are being considered as the most promising final
structure [3-4].
Compared to lateral LNWFETs, NWFETs provide many advantages. First and foremost,
compared to lateral ones, NWFETs have reduced layout footprints [3], which results in
higher integration density and efficiency. Furthermore, it is easy to construct more relaxed
gate length, contact size, and spacer width due to its nanowire channel property. More

importantly, NWFETs provide more adjustable source/drain design to achieve ideal device
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performance [5].
This research studies nanowire FETs with different source/drain extension doping profiles
using TCAD simulation. The results show that asymmetric Graded LDD architectures have
the potential to provide higher SCE immunity and stronger overdrive current, even at
relatively large nanowire diameters. We also looked into how the drain spacer width and
dielectric constant affected device performance. Considering this, an optimized asymmetric
source/drain configuration design with outstanding SCE controlling is proposed,
accompanied by a notable overdrive capacity and controllable parasitic capacitance. This
offers a framework for developing NWFETs that will work well in low-power applications

down the road.

3.Simulation Methodology:

Fig. 1 depicts the top drain and bottom source arrangement of the three-dimensional
architecture of NWFETs, where the drain is frequently utilized as the signal output
terminal and the complexity of the connection can be reduced. Spacers are inserted between

the gate and contact, as seen in Fig. 1.

Fig 1:GAA Nanowire MOSFET

Table I provides a list of some pertinent major device parameters that were employed in the

simulation.

The physical gate length is set at 16 nm, whereas the nanowire diameter varies from 6 to 24
nm. The configuration capability allows the width, spacer material, and asymmetric
source/drain doping profiles to be easily created separately. For example, the spacer material
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at the drain side may be replaced with dielectrics other than silicon oxide and nitride, which
are the standard dielectrics, and the drain doping can be distinguished from the source side
using in-situ doping epitaxy or ion implantation. Figure 2 illustrates three different
source/drain doping design approaches: symmetrically doped drain (LDD), asymmetric
graded lightly doped drain (AGLDD), and symmetric substantially doped source/drain alone
(HDD). The AGLDD profile has a Gaussian distribution, and the source side is uniformly
highly doped.

Parameter name Value
Gate length (nm) 16
Nanowire diameter (nm) 6-24
Spacer width (nm) 24
Contact size (nm) 8
Extension length(nm) 16
Channel doping (cm™) 1X10'®
HDD 1X10%
19
Extension doping (em™) LDD S'l ]><><l(])020
AGLDD D: 1X 102
Source/Drain doping (cm™) 1 X10%
Gate oxide thickness (nm) 0.67
Effective workfunction (eV) 4.51
Supply voltage (V) 0.8

Table 1: Parameters used in TCAD Simulation
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Fig 2: Three different VNWFET doping profiles
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4.Results and Discussion:

Figure 3 displays the relationship between nanowire diameter and subthreshold swing (SS),
off-state current, drain induced barrier lowering (DIBL), and overdrive current. In this
instance, we utilize OAV as the overdrive voltage in order to extract the overdrive current
and lessen the impact of VT fluctuation. As shown in Figure 3, the AGLDD NWEFET exhibits
the biggest overdrive current and a relatively broad diameter together with the lowest DIBL,
off-state current, and SS due to its graded drain electrical field and negligible source series
resistance. The overdrive current is shown to increase and then decline with decreasing
nanowire diameter because of the competition between volume inversion and the short
channel effect.
The overdrive capability and SCE regulation of AGLDD, however, still have a lot of room
for development.
It is likely that the drain spacer material will have a different dielectric constant, which will
strengthen the gate's control over the drain extension region and enhance device performance,
given that the features of the device are linked to the intense competition between the drain

and gate controls over the channel.
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Fig 3: Device properties in relation to diameter for three different doping profiles.

Figure 4 shows how SCE immunity might be improved by using high-k spacer material. The
connection is greater the higher the drain spacer dielectric constant. The strong electrical field
at the drain side will diminish between the gate and drain extension, as shown in Figure 5,
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which will improve DIBL. A stronger gate electric field with a high-k spacer pushes down
the conduction band edge more than one with a low-k spacer, lowering the channel resistance
as well as the extension resistance because of a bigger inversion charge density along the

channel and AGLDD extension region.
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Fig 4: device properties against diameter as the drain spacer material's k value increases.

While it is possible to enhance the DC characteristics, parasitic effects will remain a key issue
for the performance of the analog/RF system. High-k spacers will undoubtedly raise the
capacitance between the gate and drain. Cgd trend with rising k value is shown in Figure 6(a).
We may observe that for high and low gate voltages, respectively, Cgd rises by 2.34 X and
6.37 X when the drain spacer's k value falls between I and 22.
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Fig 5: AGLDD VNWEFET energy band diagram with two different types of drain spacer
materials.
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Fig 6: Cgd vs gate bias in 1IMHz with increasing drain spacer material width (b) and k value
(a).
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Fig 7: properties of the device vs diameter as drain spacer width increases.

Changing the distance between two electrodes is a very good way to stop the Cgd from
increasing. Figure 6(b) shows the Cgd trend with drain spacer width. It is found that Cgd is
dropped to 0.53 X and 0.41 X at high/low gate bias, with spacer width varying from 13 nm to
38 nm. The impact of drain spacer width on drain series resistance should also be taken into
account. Figure 7 displays the DC characteristics of AGLDD VNWFETs with increasing
drain spacer width. We find that the equivalent doping concentration of the drain extension
has a little dependence on the drain spacer width, indicating that it does not effect the peak
overdrive current, since the Gaussian doping gradient is not as drastically changed.
Additionally, the drain electrical field is weaker across the channel due to the greater distance
from the drain terminal, which optimizes the off-state current, SS, and DIBL features.

5.Summary

TCAD investigations demonstrate for the first time a unique nanowire FET with asymmetric
graded lightly doped drain (AGLDD). Even with a relatively large nanowire diameter, the
AGLDD profile shows improved SCE immunity and higher overdrive current when
compared to symmetric strongly and lightly doped drains. On the basis of this construction, a
plan for further optimizing device performance is provided, taking into account the drain
spacer's width and material. It has been demonstrated that using a high-k spacer with a

comparatively large spacer width may significantly reduce SCE, boost overdrive current, and
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maintain a reasonable level of parasitic capacitance. For the design of low power nanowire

FETs in the future, this technique offers an option.
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