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Abstract: The physical dimensions of bulk MOSFETs have been aggressively scaled down and these conventional devices
will soon be experiencing limited improvements due to the scaling down. In order to continue performance improvements,
new device architectures are needed. As the scaling of MOSFET into sub-100nm regime, SOI and DG-MOSFET are expect
to replace traditional bulk MOSFET. These novel MOSFET devices will be strong contenders for RF applications in wireless
communications market. As a result, the double gate MOSFET based on Silicon-on-insulator (SOI) substrate has become a
promising candidate for sub-40nm technology nodes. DG-MOSFET devices provide better control of threshold voltage by
utilizing electrostatic coupling from two gates on either side of the channel.

The DG-MOSFET also provides superior transconductance that is not only suitable for digital applications, but also is a
strong competitor for analog and radio frequency (RF) applications. DG-SOI-MOSFET is one of the most promising devices
because of its short channel effect immunity, reduced leakage current and more scaling potential.
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1. INTRODUCTION

Silicon on insulator (SOI) technology is extremely attractive
in terms of performance (high speed, low power
consumption, radiation-hard) and advanced scalability. As
compared to bulk silicon, the architecture of SOI MOSFETs
is more flexible because more parameters—such as
thicknesses of film and buried oxide, substrate doping, and
back gate bias—can be used for optimization and scaling.
It is well known that the short-channel effects are remarkably
reduced in SOI films.

Since bulk MOSFETs are expected to reach their limit
for gate lengths below 30 nm [1], alternative architectures
have been proposed to overcome their limitations.

The double-gate (DG) transistor is considered one of
the most promising devices for extremely scaled CMOS
technology generations [2]. Indeed, due to a good
electrostatic control of the channel by the two gates, it is
expected to provide smaller short-channel effects
(SCE), near ideal sub-threshold slopes and higher
drive currents when compared to single-gate (SG)
transistors.

Advantage of Double gate SOI MOSFET over
conventional, Single Gate MOSFET can be describe in terms
of performance and potential for ultimate Scaling. The
Peculiarity of DG- MOSFET is that the top and bottom gates
are biased simultaneously to established equal surface
potential VG1 =VG2, for identical gate oxides, Or VG1 =VG2

(tox1/tox2) to compensate for the difference in front and back
oxide thickness.

2. SOI MOSFET

The structures of SOI devices are not much different from
bulk CMOS. An insulation layer is inserted underneath the
device on the silicon substrate. This insulation layer
introduces lower coupling capacitance from the conducting
channel to the substrate compared to a bulk CMOS, and the
fabrication process used is identical with the bulk CMOS
process. The benefits of an SOI MOSFET also include
higher current drive producing smaller delays, since doping-
free channels have slightly higher mobility. [3] A buried
oxide insulation layer minimizes current leakage from the
drain/source junction to substrate.

Two types of SOI MOSFETs are generally used.
Partially and fully depleted SOI MOSFETs have their unique
characteristics in terms of process, performance and
applications.

A fully depleted SOI MOSFET has a thinner top silicon
layer, so the channel is completely depleted of the majority
carriers under strong inversion. Hence, the SOI layer is much
smaller than the depletion width of the device and its
potential is tightly controlled by the gate. That means that
there is no neutral region of the body of the MOSFET that
can be charged. The advantage of FD SOI MOSFET include
the elimination of the floating-body effect and better short
channel behavior.

For Partially Depleted SOI device, the SOI layer
thickness is thicker than the maximum depletion width of
the gate. Usually the silicon film thickness is more than
50nm, which alleviates the constraint on device threshold
voltage and its sensitivity, Also PD SOI devices make the
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manufacturing easier and the process and device design are
much more compatible than with traditional bulk CMOS.
However the major issue of the partially depleted device is
the floating body effect.

The thicker top silicon layer in partially depleted
SOI MOSFETs provide enough room for the depletion layer
so it does not reach to the buried oxide layer as shown in
Figure 1.

Figure 3 shows the drain current characteristics for DG
with 100 nm gate length, 20 nm silicon thickness and 2 nm
oxide thickness [6]. Figure 4 shows the drain current as
function of gate voltage.

Figure 1: Structure of a Partially Depleted SOI MOSFET

3. DOUBLE GATE MOSFET

The concept of a Double-gate MOSFET is that it efficiently
controls the channel from gates on both sides of the channel
instead of one gate in planar bulk MOSFETs. Controlling
the channel by multiple (i.e. double, triple, surround, etc.)
gates has its supremacy of better control over the channel
inversion, so the short channel effect is reduced. More
specifically, reducing the current leakage and eliminating
the drain-induced barrier lowering (DIBL) effect are
examples of superiority in double-gate MOSFETs. [4, 5]

Figure 2: DG-MOSFET Structure with a Thin Body (tsi) and
Channel Length (Lg)

The structure of a DG-MOSFET based on the SOI
technology is shown in Figure 2, where two aligned gates
are used to modulate electric fields and better manage
channel charges from either side. Two gates are used to
systematically control the electrostatic coupling, so the
amount of current flow in the channel is properly modulated
by the electric field.

Figure 3: Drain Current Characteristics for DG
MOSFET (Thin Body tsi =20nm , Channel Length

Lg = 100 nm, tox= 2nm)

Figure 4: Drain Current as Function of Gate Bias Voltage
for DG MOSFET (Thin Body tsi = 20nm, Channel Length

Lg = 100nm, tox= 2nm)

The short channel effect is effectively suppressed for
higher currents as compared to a single gate MOSFET. The
control of the back-gate enables higher transconductance,
allows sharper sub-Threshold slope, and minimizes short
channel effects. It has been reported in academic
publications that the ideal subthreshold slope of 60 mV/
decade is achieved in DG-MOSFETs compared with bulk
MOSFETs, which greatly reduce the leakage currents below
threshold voltage.

Similar to SOI MOSFETs, the structure of a double-
gate MOSFET utilizes an ultra thin body and oxide
insulation layer, to eliminate a current leakage path from
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the body to substrate that exists in bulk MOSFETs. The
lightly doped or undoped body technique reduces the doping
concentration and threshold voltage fluctuations, thereby
minimizing impurity scattering, which has a direct impact
on carrier mobility. A conceptual picture of a double-gate
transistor as shown in Figure 4 illustrates a feasible planar
structure of a double-gate transistor.

The electrostatic behavior of a double-gate MOSFET
can be partitioned into two categories: symmetrical and
asymmetrical. [3,7]

A symmetrical double-gate MOSFET has identical gate
material, and two gates are biased with the same voltage.
The work function of the gate is utilized to set threshold
voltage, so dopant related threshold fluctuations are
avoided [8, 10].

In contrast, an asymmetrical DG-MOSFET has two
different gate work functions [8,10]. The difference in the
threshold voltage of an asymmetrical DG-MOSFET Source:
IMEC allows users to turn each channel independently at
different thresholds. The difference of front and back oxide
thickness or metal work functions or poly-silicon doping
can be used to build asymmetrical DG-MOSFETs. Another
type of asymmetrical DG-MOSFET is obtained when the
two (top & bottom) gates are aligned and can be biased
separately. Even if they have the same work function, DG-
MOSFET operates as a symmetrical device when the biases
are different. Figure 5 illustrates a double-gate transistor
with options of independently and symmetrically driven
schemes.
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Figure 5: DG-MOSFET Biasing Schemes

4. CONCLUSION

The operation of DG SOI MOSFET brings significant
advantages: scalability, high current drive, low short channel
effects, excellent transconductance. DG-MOSFETs have
substituted traditional bulk MOSFETs, which suffer from
severe second-order effects, such as short channel effects
(SCE) that result in performance loss. The Drain-Induced-
Barrier-Lowering (DIBL) and decrease in threshold voltages
are examples of the short channel effects.


