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Abstract

There are numerous types of transistors present in electronics domain. Beyond them, here, this paper discusses an
exhaustive type of Metal Oxide Field Effect Transistor (MOSFET), that is, Fin Field Effect Transistor (FinFET). In
today’s era FInFET Technology is in great demand and is very prominent type of Field Effect Transistor that allows
highly controllable and fast execution of transistor applications and simulation, both in digital and analog domains.
Moore’s law says the number of transistors implemented on a single Integrated Circuit (IC) gets doubled every two
year. So the transistor sizing became an important key to fufill the desired applications requirement. But CMOS
transistor size can be minimized up to some limits and beyond that the gate loses its control over channel and
causing an issue called as Short Channel Effect (SCE). To overcome this issue and to improve the execution and
power capability of the semiconductor applications, FInFET has been implemented. In this review paper, different
type of FInFET structures and their classifications along with some digital circuits design examples has been
discussed.

Keywords: FinFET, SCE, Independent Gate FinFET, Short Gate FinFET, Asymmetric Short
Gate FinFET, Static Random Access Memory (SRAM).

degraded makings the device incompatible
[3] below 20 nanometers [2]. To upgrade the
gate  controllability over a channel,
semiconductor industry has switched to a
different FET that is Fin Field Effect
Transistor (FinFET). It is mostly a MOSFET
fabricated over a bulk or SOI substrate. It is
having its gate to be fabricated over two,
three sides or all around the channel to form a

1. Introduction

Since we all know that the semiconductor
industry is growing and developing day by
day. Moore’s law says the total transistors
density implemented on a single Integrated
Circuit (IC) gets doubled every two year. So,
the transistor size must be reduced to achieve
the desired applications of a chip [1]. But
transistor sizing can be done up to some
limits and by minimizing the channel length
beyond certain limit makes the gate to lose its
control over the channel, which causes Short
Channel Effects (SCE) [2] and this can affect
device performance and conductivity [1].

multi gate structure. FETs are called
“FinFET" because its source and drain
regions make fins on the Si surface [4]. They
are also called as i.e., Multi-Gate FET
(MGFET) [5].

Due to SCEs performance of the device are
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Though these MGFET’s have unrestrained
nature over random doping and over minimal
parasitic
advantageous than classical CMOS structures
[6]. Since the tri gate FETs has minimal edge
capacitances but the fabrication process cost

capacitances, they are more

is much higher due to its highly complicated
structure [3].
dynamic circuits, noise becomes a major
issue. The prospect of logical failure is
enlarged because of the weak noise tolerance
of dynamic circuits [7]. To overcome this
issue, FinFET is implemented, which has
enhanced controllability over a channel for

During the designing of

low power specifications which enhances its
noise tolerance [8].

There are various advantages of FinFET over
bulk MOSFET, one is a better voltage gain.
FinFET has two or three times higher voltage
gain alongside MOSFET [9]. These FETs are
also having more enhanced -electrical
coupling properties in between the back and
front transistor. They also provide innovative
circuit specifications because of their two
fold structure [9]. Since the conventional
MOSFETs  does not have  better
controllability of gate over the channel and
cannot tolerate the noise injection under
32nm technology so this new improved

technology has been introduced.
2. Process technology

This section gives a detailed description on
FinFET Technology and gives a brief
overview about various FinFET
types, their need and classifications in detail.
The main reason for higher desirability of
FinFET over the past decennary period is the
indignity of SCEs alongside bulk MOSFETs.

In Figure 1, we can see the graphical

structure
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representation of Drain-Induced Barrier
Lowering (DIBL) and channel length for
Double-Gate (DG), to manifest the
fulfillment of SCEs of FinFET over bulk
MOSFETs having the same channel length.
Figure 2 shows the comparison of planar
MOSFET and FinFET [10].

Though the bulk MOSFET has a parallel
channel, FinFET has the
perpendicular channels which look like ‘fin’
of a fish so is termed as “fin"
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Figure 1 DIBL and Sub-threshold Swing (S)
versus effective channel length for DG and
bulk-silicon nFETs.

Because of this ‘fin’ structure the channel
height regulates the FET’s width (W)[11].
According to “width quantization” property
which says “the width of FinFET is multiple
of the height of the fin” thus the width can be
inflated by the use of several fins. Because of
this, random FinFET widths can’t be
possible. The DG device is designed with an
undoped body and a near-mid-gap gate material
[Courtesy to Reference 10].

We can enhance the drive current of FinFET
by enhancing the channel’s width, that is, by
enhancing the fin’s height. The drive current
can also be enhanced by manufacturing
several parallel fins which are coupled
together. The classifications and effective

Subthreshold swing (mV/decade)
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channel length are described in below
section.
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Figure 2 Structural comparison between (a) planar
MOSFET and (b) FinFET [Courtesy to Reference 10].
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Figure 3 FinFET Structure [Courtesy to Reference 4].

2.1 Classifications: The FinFETs are
classified in basically two categories:

(1) Independent Gate FinFET (IGF).

(i1) Short Gate FinFET (SGF).

Table 1 shows the comparison between
Independent Gate FinFET (IGF) and Short
Gate FinFET (SGF). By using SGF, a 6T
SRAM is designed in Figure 4.

We generally prefer SGF over IGF because
of its cheaper price, less area consumption
and better on and off currents. Short Gate
FinFETs are also designated cased on device
parameter's asymmetric. This SGF is also
named Asymmetric Short Gate FinFET
(ASGF). Figure 5 shows the structure of ASG
FinFET that can be manufactured by using
two different dopants to fabricate two types
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of gate stacks (shorted gates but are of
different dopants) [10].
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Figure 4 Schematic design of 6-T SRAM cell using
SGF [Courtesy to Reference 10]
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Figure 5 Structure of ASG FinFET; shaded gate
implies different work functions [Courtesy to
Reference 10].

Generally, both gates of this FinFET have the
same work functions (®) but they came be
changed too [10]. Figure 6 and 7 shows Drain
current (IDS) versus front-gate voltage
(VGFS) for three nFinFETs [10]; and Drain
current (IDS) versus front-gate voltage
(VGES) for three pFinFETs [10] respectively
to reveal the advantages of ASGF.
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Table 1Comparison between IGF and SGF

IGF SGF
1. Structure of IGF [Courtesy to Reference 10]. 1. Structure of SGF [Courtesy to Reference 10].
Drain Drain
- e
Gate 1
Source Source

«——— Gate 2
Gate 1 ——3

\
Gate dielectric

<1 Gate 2

Gate dielectric

2. 1G FinFETs are also known as four terminal
FinFETs [3].

2. SG FinFETs are also known as three
terminal FinFETs [3].

3. IGFs have the substantially unaccompanied
gates (that are not connected) [3].

3. SGFs are having substantially shorted gates
(both the back and front gates are combined
together) [3].

4. On the other hand, IGFs provides better
flexibility of application of different inputs to
different gates. But that makes
because of larger
consumption [3].

it more

expensive chip area

SGFs offers
excessive on and off-currents (subthreshold
currents and Ioff) respectively in comparison
with IGFs. SGFs also provide better control
over electrostatics of channel [3].

4. Due to combined gates,
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Figure 6 Drain current (IDS) versus front-gate
voltage (VGFS) for three nFinFETs of ASGF
[Courtesy to Reference 10]
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Figure 7 Drain current (IDS) versus front-gate

voltage (VGFS) for three pFinFETs of ASGF [10]
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2.2 Schematic Diagrams:

2.2.1 n-FinFETs and p-FinFETs: In Figure

. . (Dp = 44eV
8 we can see the n-FinFETs using SGF and

IGF having work function of 4.4eV [10]. |
‘-TJ'(;]; = fr-".:}[; —4.4eV ‘ I / 0) I
\ ‘ A

Figure 10 Schematic diagram of (a) n-FinFET and
(b) p-FinFET using ASGF [Courtesy to Reference
10].

2.2.2 Inverters: Figure 11 shows the

Figure 8 Schematic diagram of n-FinFET (a) using schematic diagram of inverter using SGF and

SGF and (b) using IGF [Courtesy to Reference 10].

IGF respectively and Figure 12 shows

Similarly, Figure 9 shows the p-FinFETs inverter using ASGF.

using SGF and IGF having work function of
4.8Ev [10]. And Figure 10 shows the n-
FinFET and p-FinFET using ASGF having
the work function of 4.4Ev [10].
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Figure 9 Schematic diagram of p-FinFET (c) using
SGF and (d) using IGF [Courtesy to Reference 10].
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Figure 11 Schematic diagram of inverter using (a)
SGF and (b) using IGF [Courtesy to Reference 10].
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(b)

Figure 12 Schematic diagram of inverter using
ASGF [Courtesy to Reference 10].

2.2.3 Two-inputs NAND gates: In Figure

13, we can see the schematic diagram of two- . Lo .
Figure 13 (a)-(b) Schematic diagram of two-inputs

inputs NAND  gate using SGF and IGF NAND gates using SGF (left side) and IGF (right
respectively and in Figure 14, we can see side) [Courtesy to Reference 10].
NAND gate using ASGF.
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Figure 14 Schematic diagram of two- inputs NAND

gate using ASGF [Courtesy to Reference 10].
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3. Problem identification

In this section, we will see some drawbacks
of FinFETs that we have identified during
this review. Below are the listed problems
occurred in FinFETs and they are as under:

3.1 Gate Patterning: While patterning the
fin of FinFET, the gate must be compacted,
which is toughest part in case of FinFET
because the gate is wrapped around the
channel or some FinFETs have multiple gates
which is tough to design. Figure 15 shows the
critical gate patterning [12].

3.2 Parasitic Resistance: As the width if fin
(Wfin) is scaled down, one parasitic
resistance i.e., RSD (Source-Drain
Resistance) occurs, which becomes a major
issue now. Since to control the SCEs, the fins
of FinFET must be narrow. But because of
this, the degradation of parasitic RSD is
critical [13].

Figure 15 Critical gate patterning step with a risk
of a tapered gate profile with poly/MG/high-k gate
stack [Courtesy to Reference 12].

3.3 Issue occurring during doping: Since
FinFET needs a very concise and minimized
structure and has multiple fins too so a major
fabrication issue occurs due to the need of
highly accurate and low resolution structure
fabrication. One advanced and matured
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technique for fulfilling this constrains is lon
Implantation. But there is also one major
issue with ion implantation technique is that
it has its angle restriction which is mandatory
to avoid shadowing while implantation of
dense structures [13].

4. FUTURE SCOPE

There are some recommendations for future

work are listed in this section:
e The more concise and matured
technique should be proposed to
eliminate the parasitic resistances.

e The gate should be implemented and

fabricated by using more advanced

techniques.
e The doping technique should be
improved.
Conclusion

In this review article, we have seen the basic
overview of FinFET which is implemented to
overcome the SCEs that occurs in MOSFETSs.
FinFET
classifications and some schematic structures
of gates by using different type of FinFETs.
The issues occurring in FinFET and some

Then we had a look over

scopes to eliminate those have been discussed
successfully.
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