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Abstract—This paper deals with detailed description about the
different technologies, which have emerged as the most candidates to
extend Complementary metal oxide semiconductor (CMOS)
technology beyond its scaling limits and provide a key for continuous
growth of silicon-based semiconductor industry. As the scaling down
of device dimension enters into nanometer regime, CMOS devices
face many undesirable problems. One of them is short channel effect.
To overcome these problems, researchers have innovated various
CMOS materials and different nanoelectronic device structures have
been introduced over the past three decades. Multigate device is
emerged as the most promising candidate, which is being
investigated for the improvement of conventional CMOS devices.
FinFET is a multigatedevice, which is capable of controlling leakage
current and reduce the short channel effect thus produce a strong
drive current. FInFET has better electrostatic control than the
conventional planar FET, resulting in higher density, lower power,
and higher performance. This paper provides information about
different emerging technologies in microelectronic industry to extend
the scaling limits and highlights short channel effects.
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1. INTRODUCTION

The invention of CMOS has provided a sea change in VLSI
industry. It has become a prime building block in electronic
industry. Its constantly increasing use in electronics item
(mobile,computer.etc. ) has not only boost the progress of
electronic industry but has also gained the attention of
researchers to develop more and more compact size devices
with better performances. So the microelectronics industry has
importantly invested in new and better technologies targeting
at the fabrication of devices with extremely reduced
dimensions. This has given rise to the design of different types
of MOSFET with the target to improve the characteristics of
the device[1,2].

Todays, the main aim of electronic industry is scaling down
the dimension of devices to get reduced sizes and fast
switching speed, which results in shrinking the dimensions of
MOS transistors. As the scaling of devices reach to submicron
region, an undesirable phenomenon occurs i. e. short channel

effects, which prevents further scaling. These give rise to
leakage current, threshold voltage roll off, higher subthreshold
slope, which degrades the performance of device. The solution
to this problem is multigate transisitors for example double
gate MOSFET, FinFET [3]. Because of their structure, they
have better control of gate over the channel, which results in
reduction in leakage current. In addition, Multigate devices
provide devices in nano dimension and with improved
performance.

2. REASON FOR MOSFET SCALING

There are mainly two reasons for scaling down of devices. The
first reason to make transistor reduce in size is to pack more
and more devices in a given chip area which results in
improved functionality for the same chip area[4]. It also
provide lower cost per chip because in VLSI industry,
fabrication cost per integrated circuits depends upon the
number of chips per wafer. Hence, more number of chips per
wafer can be developed with smaller IC’s and reduced cost.
The technique of scaled down of devices to get more devices
packed in given chip area was first discovered by Gorden
Moore in 1965 and named it as Moore’s law which states that
the number of transistors doubles every 2-3 years for same
chip[5]. The second reason of scaling is to increase the
switching speed. The main dimension of the device are
channel length, channel width and oxide thickness. If all these
device dimensions are scale down by an equal factor, there
will be no change in channel resistance but channel
capacitance will be reduces by same factor. So when all device
dimensions are reduced proportionally, RC delay of device is
reduced by similar factor. Hence, it increases the switching
speed of device. But this is a case for older technologies. For
toady’s generation of device, scaling down of device
dimensions does not necessarily translate to higher chip
speed[4].
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3. SHORT CHANNEL EFFECTS

In electronics, a short-channel effect is defined as an effect
occurs in MOSFET when the channel length of MOSFET and
depletion layer widths of source and drain junction are of
same order of magnitude, which cause the characteristic of
MOSFET different from other MOSFETSs. This happens when
electronic devices are scaled down to get increased switching
speed and more number of transistors per chip [6]. The short
channel effects mainly cause two phenomenons in MOSFET:

a. It cause limitation on electron drift characteristic in the
channel

b. Shrinking of channel length cause variation in threshold
voltage.

Shrinking in device dimension leads to problem in planer or

bulk Si CMOS technology. Various short channel effects like

increase in leakage current, drain induce barrier lowering, hot

carrier effects, impact ionization etc. get produced in device

and affect the device characteristic[7].

The aim of this paper is to provide information about different
short channel effects and introduce many new technologies
emerging in microelectronics industry which broad the scaling
limits[4]. Drain induce barrier lowering is defined as a short
channel effect in which there is a reduction of threshold
voltage on increasing drain voltage. So, it is basically lowering
of potential barrier of channel on increasing drain voltage.
Planar field effect transistor have channel length long enough
to provide electrostatic shielding from drain by the
combination of gate and substrate so their threshold voltage
does not depend on drain voltage but in case of short channel
devices, the drain is close to gate due to which the p-n junction
of drain and substrate extends under the gate when the drain
voltage is large which results in attraction of more carrier into
the channel [7]. Due to this, potential barrier of channel
reduces which lead to turn on of device prematurely. This
phenomenon is known as DIBL. The reduction in barrier
voltage increases as the channel length is reduced even when
the applied drain voltage is zero. This happens because of
formation of depletion layers of p-n junction of source and
drain with body.

There is also affect of DIBL on current VS drain bias curve in
the active mode. Due to DIBL the current in active mode
increases when there is an increase in drain voltage. This
results in reduction of output resistance.

The other short channel effect is impact ionization. It is a
phenomenon in which high velocity of electrons generate
electron-hole (e-h) pairs by striking and ionizing the Si atoms
in the presence of high electric field. In this process the
electrons are attracted by drain and some holes enter the
substrate region and produce a part of parasitic current. If a
voltage drop of 0. 6V in substrate material is caused by hole
current which is produced due to collection of holes by source,

then there will be conduction because of formation of reverse
biased substrate source p-n junction. This process of MOSFET
is similar to npn transistor where channel act as base, source
as emitter, and drain as collector. The electrons gain enough
energy on moving towards drain to cause the formation of e-h
pairs. Impact ionization can also affect the device if electrons
having high kinetic energy penetrate into the substrate,
escaping from the drain field.

“Hot Carrier Injection” is a short channel effect, which is
described as a process of injection of carriers into the gate
dielectric from the conducting channel of substrate. This
causes the trapping of charge carrier in gate dielectric, which
changes the switching characteristic of device. The process of
creation of hot carrier happens when an electron of conducting
channel jump out of the valence band to the conduction band
on receiving a energy from high energy photon of
electromagnetic radiation that strike the semiconductor. This
transformation of energy from photon to electron generates
electron hole pairs. The electron that leaves the valence band
and jump to conduction band becomes the “hot electron”.
These are called hot electrons because they are characterized
by high effective temperature. Hot carriers have the property
of high mobility and affect the reliability of semiconductor.
Supply voltage is also an important parameter of scaling
process but there is a limit of supply voltage to which device
can be scaled, because as supply voltage is increased, high
electric field is produced which cause generation of high
energy carriers i. e. hot carriers. These high- energy carriers
possibly penetrate into the dielectric films, oxides and gate
material. Velocity saturation is also a type of short channel
effect. Saturation velocity means a velocity that reaches a
maximum value on applying high electric field in a
semiconductor and this state of semiconductor is known as
velocity saturation. The average drift speed of carrier directly
depends on the electric field strength and the dependent
constant is known as mobility of carrier. The mobility differs
from material to material so for good conductor the mobility
of charge carrier is high. Higher the mobility means higher
velocity which results in higher drain current values for a
given electric field strength. But because of saturation
velocity, drain current does not change after some electric
field value. This happens because charge carrier loose energy
by interacting with silicon atoms when electric filed is
increased and the emit phonons and photons. So tis
mechanisms limits the movement of charge carrier in the
material and so the drain current[7].

4. DIFFERENT TECHNIQUES TO EXTEND MOS
SCALING

As the MOSFET channel length is scaled down to submicron
region i. e. 50nm and below, the control of gate over channel
decreases and also over switching of MOSFET The Scaling
results in an undesirable off-state leakage current that prevent
the further scaling of the conventional MOSFET structure. So
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to extend MOS scaling beyond bulk limits different techniques
were introduced. One of them is high doping concentration of
MOSFET body, which is required to control short channel
effects[8]. Using this method the traditional bulk MOSFET can
be scale down to 10 nm length regime. But high doping
density results in lowering of carrier mobility due to impurity
scattering and an increased transverse electric field. Moreover,
depletion charge is formed in channel that results in increase
in average vertical filed. Increase in depletion charge also lead
to large depletion capacitance and subthreshold slope. So for
specific off-state leakage current, the value of threshold
voltage must be increased which reduce the on state current[9].
The other way of MOS scaling is to introduce a heavy doped
region near the both ends of channel. This heavy dopes region
is called halo implant or Pocket implant, which is localized to
prevent the state of punch-through. Fig. 1 shows the structure
of Bulk MOSFET.

Material
-m’a'_ysi
[_FS1
Muitcice

Msio:

Fig. 1: Three-dimensional structure of bulk MOSFET

The other techniques to extend MOS scaling are ultra thin
body devices and double gate devices. In these techniques
short channel effect are controlled by formation of thin silicon
film through which gate length can be scaled down to 10nm
length without using channel dopants. The ultrathin body
devices use a thin silicon film usually less than 20nm
developed on an insulator mainly buried oxide[9,10]. The
introduction of insulator in these devices is to eliminate
leakage currents flow to the substrate so by introducing
insulator, leakage current path from source, drain and channel
to substrate is cut off. It also eliminates parasitic capacitance.
The structure of UTB devices minimize the parasitic series
resistance and increase drive current because of self aligned
source and drain[11]. Fig. 2 shows the FDSOI structure. In both
UTB and DG devices, there is lightly doped region, which
shows very less depletion charge and capacitance and results
in steep subthreshold slope. Addition to the low transverse
electric field, these both devices shows negligible impurity
scattering that give rise to high mobility and so improved
drive current. For UTB devices, the gate length of 25nm and
below requires body thickness below 5nm. But at this
dimension the device shows degradation in performance so
another technique is introduced i. e. Multigate device. Because

of presence of two or more gate, multigate devices have better
control over channel and thus shows reduction in short
channel effects. Moreover, these devices provide additional
gate length scaling[10,12].

Fig. 2: FDSOI structure

Double gate device is a multigate device, which has front and
back gate. The introduction of second gate reduces the body
thickness effect and penetration of drain electric field to the
buried oxide is also eliminated. Double gate devices are better
than UTB devices because of better subthreshold slope and
better short channel effect control[13]. Fig. 3 shows the double
gate MOSFET structure. Tablel shows the comparison of Planar
Si, Bulk Si Tri-Gate (tapered and rectangular profiles), and
UTB SOI on the basis of threshold voltage, drain current and
short channel effects [9]. The short channel effects are higher
in Planar Si because of poor control of gate than the other two
devices.

Table 1: Comparison Of Planar Si, Si Tri-Gate and UTB SOI for
lopr 0f 100 nNA/Om and at 0. 8 V V¢ withLg=26 Nm [9]

nMOS Vrsat I bsat IoLin SS DIBL
(mV) (mAr mapm) | (mV/dec) | (mV/V)
um)

Planar Si 185 0. 678 0. 104 105 128
Tapered Si | 165 1. 068 0.198 75 52
Tri-Gate
Rectangular | 151 1. 155 0. 222 70 43
Si tri-Gate
UTB SOl 186 1. 196 0. 202 97 89

FinFET is a multigate device, which has attained the attention
of researchers among multigate devices as it shows
compatibility with conventional CMOS process[14]. FinFET
device consist of fin shaped structure, which is fabricated over
the wafer surface. This fin is a silicon film of thickness T and
it makes the source, drain and channel region of a device[15].
The fin is surrounded by top, front and back gate so the
control of gate over the channel increases which results in
high 1./l ratio[16,17]. Moreover the thickness of film is kept
low to limit the short channel effects.
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Fig. 3: Three-dimensional structure of DGFET

The effective channel length of a device is a region of a fin,
which is surrounded by gates. Because of fin shaped structure
this device is known as FinFET[18-25]. Fig. 4 shows the device
of FinFET structure.
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Fig. 4: Three-dimensional FinFET Structure

Fig. 5 shows the comparison of performance characteristic of
Planar FET and FinFET[15]. Fig. 5(a) shows that FinFET
obtained its maximum mobility at lower electric fields and is
higher than Planar FET. This is because of low doping
concentration in FinFET that leads to lower electric field and
cause reduction in scattering, which results in higher mobility.
Fig. 5(b) shows the curve between saturation velocity and gate
length [15]. The saturation velocity of FinFET is lesser than
planar bulk MOSFET because of lesser availabilityof volume
for the movement of carrier in FinFET channel.
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Fig. 5: Comparison of performance characteristic of FinFET and
bulk MOSFET (a) mobility versus electric field (b) saturation
velocity versus gate length (c)
voltage gain versus gate length [15]

Fig. 5(c) shows the comparison of voltage gain of planar bulk
MOSFET and FinFET [15]. The FInFET has higher voltage
gain than planar bulk MOSFET.

The height of the fin cannot be greater than twice the channel
length, so range of height of FINFET device is fixed. The
width of FinFET is increased by adding multiple fins parallel
to each other in order to increase the current or to get
improved output characteristic of FinFET for different
applications, [26].

The width of the FinFET device can be defined as[15]
W = 2Hyi, +Ti 1)

Where Hgi, is the fin height and Ty, is fin thickness. For
multiple parallel fins, the width is given as [15]

=nx Wmin =nx (2 X Hfin + Tfin) (2)

total

Here n is number of fins.

Multiple fins are designed to increase the channel width of
FinFET, which increase the drive current. Fig. 6 shows the
structure of multi fin FINFET. In FinFET device, the raised
structure of source and drain helps to reduce parasitic
resistance so further improves drive current[26].
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Fig. 6: Multi-fin FinFET structure [26]
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An independent-gate FinFET is a type of FinFET, which is
formed by depositing oxide layer on top of fin. This oxide
layer separates vertical gates and form 1G FinFET[27].

5. CONCLUSION

Technology scaling has provided us with increased circuit
performance over the past two decades. New technologies
have been emerged in microelectronics industry to reduce the
problems coming in way of scaling as short channel effects.
Multigate device is one of these techonolgy, which has
attained the attention of researchers. FinNFET has potential for
reductions of the required number of transistors and chip area
in circuits, which is crucial for many digital applications. It
has better controlling over several short channel effects
compare to the planner MOSFET. So in hanometer regime the
FinFET gives better performance compare to the planner
MOSFET.
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