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Abstract
The advances in Silicon technology have driven the
MOSFET device fabrication towards submicron regime.
This work presents simulated results where gate
dimensions are determined and associated parameters are
defined. NMOSFET with gate lengths 1004, 65A, 42.25A,
27.27A and 17.85A, gate width of 100A and with oxide
thickness of 2A were studied. All the simulations were
done using MATHCAD and the results obtained were then
used to plot characteristic curves and the transfer curves
using ORIGIN lab software. From the results of

characteristic curves it was observed that at Vg=0V there
was no conducting channel between the source and the
drain. When a small V p is applied, and as long as the Vp
is small, enough not to cause any significant difference in
the surface potential near source and drain, the electron
concentration throughout the channel remains the same
and channel behaves like a resistor. As Vp is increased the
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potential drop across the channel reduces the voltage
between the gate and the inversion layer near the drain
and as a result the electron concentration in the channel
near drain decreases causing increase in the channel

resistance and therefore Ip-Vp bends. When gate bias was

increased from Vg1 to Vg2 (where Vg represents the gate
voltage) it causes an increase in the inversion layer charge
and hence channel resistance reduces causing a larger

drain current for a given Vp. As the dimensions are scaled
down, the drain current increases, evidence that sub-
micron devices have better performance as compared to
un-scaled devices. It can also be noted that there is a
strong correlation between device dimensions and device
performance. This shows that sub-micron device has
better performance as compared to un-scaled device.

Keywords: MOSFET, short channel effects, velocity overshoot,
DIBL.

Introduction

The MOSFET is a three terminal device which has many
applications both in analog and digital electronics [1]. In silicon
MOSFET, the gate contact is separated from the channel by an

insulating silicon dioxide (SiOy) layer. The charge carriers of the
conducting channel constitute an inversion charge, that is, electrons
in the case of a p-type substrate (n-channel device) or holes in the
case of an n-type substrate (p-channel device), induced in the
semiconductor at the silicon-insulator interface by the voltage
applied to the gate electrode. The electrons enter and exit the channel
at n+ source and drain contacts in the case of an n-channel
MOSFET, and at p+ contacts in the case of a p-channel MOSFET
[2]. MOSFETs are used both as discrete devices and as active
elements in digital and analog monolithic integrated circuits (1Cs).
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Theory

In recent years, the device feature size of such circuits has been
scaled down into the deep sub-micron range which comes with a
commensurate increase in speed and in integration scale [3].
Hundreds of millions of transistors on a single chip are used in
microprocessors and in memory ICs today [4]. CMOS technology
combines both n-channel and p-channel MOSFETS to provide very
low power consumption along with high speed. Aggressive scaling
of the thickness of the gate insulator in CMOS transistors has caused
the quality and reliability of ultrathin dielectrics to assume greater
importance [5]. Very important issues in this development are the
increasing levels of complexity of the fabrication process and the
many subtle mechanisms that govern the properties of these deep
sub-micron FETs [6]. One of the application areas of CMOS is in
analog circuits, spanning a variety of applications from audio circuits
operating at the Kkilohertz (kHz) range to modern wireless
applications operating at gigahertz (GHz) frequencies.

Methodology

This study was conducted through device simulation. The study was
concerned with investigating the effect of scaling MOSFET gate
dimensions on the performance of the device. It is specifically
intended to investigate the relationship between saturation drain
current against saturation drain voltage at different scaling factors
This method enables the researcher to manipulate the gate
dimensions and study/observe the resulting effects. This simulation
research design entails, inputting the parameters required, systematic
manipulation of some characteristics and examination of the
outcome. All simulations were done using MATHCAD software.
NMOSFET with gate lengths 1004, 65A, 42.25A, 27.27A and 17.85
A gate widths 100A and with oxide thickness of 2A were studied. A
gate length of 100 A was chosen as a very large device and has been

scaled by a factor of k, kz, k3, k4 where k=0.65. The
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results obtained were then used to plot the graphs using ORIGIN lab
software at.
Assuming doping concentration N in the P substrate region, the gate

voltage (Vg), drain voltage (Vp), built in voltage (Vg), gate length
(L), gate width (Z), electron charge (e) and electron mobility

(Mp)then the following equations were used to simulate the results;

2 2
los =KVps =K (V6 V1) \where
=y
K= o
2La This gives the change in drain current Ipg,sat

(saturation) with the drain voltage Vps,sat at different scaling actors.

Results

This chapter contains the results of all simulations done. Figures 1 to
5 shows the graphs of drain current against drain voltage at different
gate voltage and with different scaling factors.
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Fig. 1 Graph of Ip verses Vp at Vg=5V for different scaling factors

(un-scaled, k=0.65, k*=0.4225, k°=0.2746 and k"=0.1785)

From figure 1 it shows a graph of drain current against drain voltage

at Vg=5V and at different scaling factors as shown above. For un-
scaled device at gate length of 100 A, and gate width of 100A the
current output is slightly small. As we scale by a factor of k=0.65,

k2, k3 and k4 the current increases.
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Fig. 2 Graph of Ip verses Vp at Vg=4V for different scaling factors

(un-scaled, k=0.65, k°=0.4225, k°=0.2746 and k*=0.1785)

Figure 2 shows characteristic curves at Vg=4V and at different
scaling factors. It is clearly observed that the output current increases
with scaling. As drain voltage increases, the drain current also
increases but reaches a nearly constant value where any further
increase in the drain voltage has no significant in the drain current
and the device is said to be in saturation.
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Fig. 3 Graph of Ip verses Vp at Vg=3V for different scaling factors
(k=1, k=0.65, k=0.4225, k=0.2746 and k=0.1785)

Figure 3 shows Ip-Vp characteristic curves for a device at Vg=3V
and at different scaling factors as shown above. The current increases

with scaling. From figures 5.1, 5.2 and 5.3 it is observed that as Vg
is reduced the output current also reduces at the same voltage.
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Fig. 4 Graph of Ip versus Vp at Vg=2V for different scaling factors
(k=1, k=0.65, k=0.4225, k=0.2746 and k=0.1785)

Figure 4 shows the characteristic curve at Vg=2V and at different
scaling factors. It’s also observed that the current output increases
with scaling. Its observed here that a decrease in the gate voltage
leads to a decrease in the output current this is attributed to the
decrease in the inversion layer charge along the channel and hence
the channel resistance increase causing a decrease in the current
output.
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Fig. 5 Graph of Ip versus Vp at Vg=1V for different scaling factors
(k=1, k=0.65, k=0.4225, k=0.2746 and k=0.1785)

Figure 5 shows the characteristic curve for a device at Vg=1V and at
different scaling factors. It’s noted that the curves reaches saturation
at a rather smaller drain voltages. The output current is noted to be
small as gate voltage is reduced. This is because of reduction in the
inversion layer charge and hence an increase in the resistance along
the channel.

Conclusions

The findings indicated that for a miniaturized device there was quite
an improvement on its performance. It’s also observed that for a
MOSFET with large geometry the drain current is significantly small
but can be increased by scaling down the device. This shows that
there is a strong correlation between device dimensions and
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device performance. This owes to the reduction in parasitic
capacitances hence a higher speed. MOSFET current is dependent
upon the carrier density in the channel. For Long channel devices,
driving ability depends on channel length. The shorter the gate
length, the greater the driving ability. This is because channel
resistance is proportional to channel length. As a consequence,
performance of the MOSFET can be enhanced by downscaling.
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