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1. Introduction

The study of the nanoscale devices is vital owing to high density of integrated circuits. But with
leading devices to nanoscale limit, the descriptive effects such as hot carrier effect (HCE), high off
current and high gate current are explored. There are many reasons why the silicon-on-insulator
(SOI) technology is one of the solutions in nanoscale structures can be mentioned as lower short
channel effects (SCEs), excellent latchup immunity, higher drive current, and reduced junction
capacitances [1].

Many works have been performed for performance improvement of SOl MOSFETS with respect to
their counterpart i.e. conventional SOl MOSFET in suppressing SCEs. A novel configuration for
the double gate (DG) SOl MOSFET using two side gates has been presented in order to reducing
SCEs [2]. The asymmetrical DG SOl MOSFET with n* and p* polysilicon gates for higher drive
current has been investigated and shown is superior to symmetrical DG counterparts [3]. An
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asymmetric Schottky tunneling source MOSFET utilizing the concept of gate-controlled Schottky
barrier tunneling has been presented and demonstrated [4].One study has been done to investigate
the effects of substrate orientation and longitudinal channel stress on the performance of extremely
thin SOI MOSFET [5-8].

In this work, a new structure of SOI-MOSFETSs with excellent performance is proposed. The goal of
the present work is to state the unique features exhibited by a novel nanoscale asymmetrical SOI-
MOSFET in which the drain active layer consists of a recessed insulator region made of SiO2.

This paper focuses on the improvement of the SCEs. The proposed structure has been compared to
the conventional SOl MOSFET (C-SOl). Utilizing two-dimensional simulator [9], the undesirable
effects such as hot carrier effect, off current, gate current and DIBL of proposed structure is
disappeared thus making it a more reliable device configuration than the C-SOI MOSFET for high
performance CMOS circuit applications.

2. Device Structure

Fig. 1 has illustrated a perspective of the proposed device including a recessed oxide inside the drain
region. The recessed oxide is described by the variable RO which is 2 nm in this work. The RO is
made of the SiO». For this reason, the suggested device is named as RO-SOI MOSFET.

? Gate
? Source Drain
1

L

RO N*

Taox

(g Sub

Figure 1. A cross-sectional view of the proposed device.

All parameter values of C-SOI are equal to proposed device parameters unless otherwise stated. The
typical parameter values have been selected according to road map of semiconductor technology [10].
It is worth noting that the quantum moments model is implemented for simulation of structures. The
typical parameters for the device simulation have been given at the table 1.

Table 1. The typical parameters of the proposed structure.

Parameter Value
Channel length 32 nm
Gate oxide thickness, t; 1nm
Buried oxide thickness, tsox 100 nm

RO 2nm
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3. Results

Fig. 2 shows the output characteristics of the devices under the study. One of the mind parameters
in devices is their drive currents. As shown as the figure, the drain current of the proposed device is
equal to the drain current of its counterpart i.e. C- SOI. Therefore, we can compare the suggested
device and the C-SOI structure in identical drain currents.
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Figure 2. The drain current as a function of the drain voltage for the structures.

The reduced electric field reduces the trap in the gate oxide and improves the hot carrier effects.
The surface electric field along the channel has been illustrated for the RO-SOI and the C-SOI
structures in Fig. 3. As shown in the figure the electric field of IR-SOI inside the drain region is
considerably less than that the C-SOI. Indeed, the recessed insulator region causes the electric field
redistributed along the channel. Therefore, with stated evidences above, the hot carrier effect
improves in the RO-SOI structure.
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Figure 3. Electric field profile along the surface of channel for the RO-SOI and C-SOI structures.
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Fig. 4 shows the dependence of the threshold voltage on the channel length. As can be seen from
the figure the RO-SOI obtains a lower threshold voltage which is very good in scaling aims.
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Figure 4. The threshold voltage upon the channel lengths for the RO-SOI and C-SOI structures.

The DIBL which is as result of nonuniform charge distribution in the channel has been investigated
for the devices under the study. Indeed, this variable shows the effect of the drain voltage on the
threshold voltage. In Fig. 5, the DIBL of devices has been demonstrated.
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Figure 5. The DIBL upon the channel lengths for the RO-SOI and C-SOI structures.
As shown in the figure, the DIBL of the RO-SOl is less than that of the C-SOI which is very desirable.

The silicon layer thickness can affect the threshold voltage. For this reason, the threshold voltage as
a function of the silicon layer thickness has been plotted in Fig. 6. It can be seen from the figure that
the variation rate for the RO-SOI is less than that for the C-SOI which is very desirable. It is worth
noting that fully depleted SOI is sensitive to the silicon layer thickness and the reduction of this
sensitivity is important.
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Figure 6. The threshold voltage upon the silicon thickness for the RO-SOI and C-SOI structures.

Fig. 7 shows the off current as a function of the channel length in the logarithmic scale for the RO-
SOl and C-SOI structures. It can be seen from the figure that the off current of RO-SOI structure is
less than that in the C-SOI structure. Therefore, the RO-SOI has lower dissipation power in
comparison with the C-SOI at standby mode.
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Figure 7. Off current versus channel length for the RO-SOI and the C-SOI structures.

In the small signal applications, it is essential to reduce gate current. Also, the hot electron reliability
can be investigated by the gate current. Since the lower gate current shows the higher input
impedance, then the amplification rate increases. Also, the reduction of the gate current shows lower
degradation mechanism. In Fig. 8 the gate current versus the channel length in logarithmic scale for
the RO-SOI and C-SOl structures have been illustrated. It can be seen from the figure that gate current
of RO-SOI is less than the gate current of C-SOI. Therefore, the input resistance of RO-SOI structure
is higher.
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Figure 8. Gate current versus the gate voltages for the IR-SOI and C-SOI structures.

3. Conclusions
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is red
permi
select

inserting an extra oxide (SiO.) inside the Drain region of a fully depleted SOI, the electric field
istributed and reduced in the drain. The reduction of the electric filed is caused by the dielectric
ttivity change in the device owing to recessed oxide for the proposed device. The RO has been
ed as 2 nm in this work. Regarding the idea proposed in this work, the important parameters in

the cases of DIB, off current, gate current and HCE have been improved in the RO-SOI. The

comp

arison of these obtained results between the RO-SOI and the conventional C-SOI structure

shows that the proposed structure can be one proper substitution for the C-SOI structure.
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