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Abstract-- FinFET technology is a radical new technology
that has been proposed by the industry to overcome large
leakage power occurring in low power VLSI circuits. In this
paper, the working of the basic MOSFET, condition of
operations for any transistor and the FinFET along with its
structure is described. This paper mainly covers how FinFET
can be an advantage compared to basic MOSFET and how
leakage can be reduced in FinFET is explained with the
comparison of basic MOSFET. The fabrication steps are
briefly discussed.
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I. INTRODUCTION

As devices shrink further and further, the problems with
conventional (planar) MOSFETs are increasing. Industry
is currently at the 90nm node. As we go down to the
65nm, 45nm, etc nodes, there seem to be no viable options
of continuing forth with the conventional MOSFET.
Severe short channel effects (SCE) [1] such as direct
tunneling leakage, increasing leakage currents that result
in device degradation is plaguing the industry.

Reducing the power supply Vdd helps reduce power and
hot carrier effects, but worsens performance. Performance
can be improved back by lowering VT but at the cost of
worsening sub threshold leakage.

Solving one problem leads to another. Efforts are on to
find a suitable high-k gate dielectric so that a thicker
physical oxide can be used to help reduce gate leakage and
yet have adequate channel control, but this search has not
been successful to the point of being usable.

In this paper, we try to explain the working of a basic
MOSFET and how FinFET can be used to overcome the
leakage problems faced in basic MOSFET. The paper is
organized as follows. Section II consists of the working of
the basic MOSFET, Section III explains the need for the
introduction of FINFET technology, Section IV gives a
brief view about the fabrication of FinFET transistors, and
Section V concludes the paper with Section VI giving out
the references used to draft this paper.

II. WORKING OF A BASIC MOSFET

The basic principle of the MOSFET is that the source to
drain current is controlled by the Gate voltage, or better by
the gate electric field. The electric field induces charge in
the semiconductor at the semiconductor – oxide interface.
Thus a MOSFET is a voltage controlled current source.
A. Conditions of operations
N-Channel MOSFET with VGS < VT

With VGS < VT, there is no inversion layer present under
the surface. At VDS = 0, the source and drain depletion
regions are symmetrical. A positive VDS reverse biases the
drain substrate junction, hence the depletion region around
the drain widens, and since the drain is adjacent to the gate
edge, the depletion region widens in the channel. No
current flows even for VDS > 0, since there is no
conductive channel between the source and drain for VGS <
VT.
N-Channel MOSFET with VGS > VT, small VDS

With VGS > VT, a conductive channel forms under the
surface - a nonzero transverse field is present. ID is zero
for VDS = 0 since no lateral field is present. For VDS > 0,
transverse E is present and current flows. The increased
reverse bias on the drain substrate junction in contact with
the inversion layer causes inversion layer density to
decrease.
N-Channel MOSFET with VGS > VT, large VDS

The point at which the inversion layer density becomes
very small (essentially zero) at the drain end is termed
pinch-off. The value of VDS at pinch off is denoted VDS,
sat. Past pinch off, further increases in lateral electric field
are absorbed by the creation of a narrow high field region
with low carrier density.

III. INTRODUCTION TO FINFET’S

Now that the concept of Basic MOSFET’s is clear, we
need to know why FINFET are’s actually preferred over
the planner FET’s [2].
The three main reasons are:
a. Suppress short channel affect
b. Better in driving current
c. More compact

The main aim for the use of FINFET’s is to decrease the
amount of power consumed in planar MOSFET’s.

The two basic modes of power consumption in CMOS
a. Active mode: Dynamic power (switching + short

circuit + glitching)
b. Standby mode: Leakage power.
A. Working of FINFET’s

A FinFET's is like a FET, but the channel has been
“turned on its edge” and made to stand up[3]. Both the
gates of a FET can be independently controlled. The
distinguishing characteristic of the FinFET is that the
conducting channel is wrapped by a thin silicon "fin",
which forms the body of the device. The thickness of the
fin (measured in the direction from source to drain)
determines the effective channel length of the device. In
current usage the term FinFET has a less precise
definition.
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Among microprocessor manufacturers, AMD, IBM,
and Motorola describe their double-gate development
efforts as FinFET development whereas Intel avoids using
the term to describe their closely related tri-gate
architecture. In the technical literature, FinFET is used
somewhat generically to describe any fin-based, multigate
transistor architecture regardless of number of gates.
FinFET can also have two electrically independent gates,
which gives circuit designers more flexibility to design
with efficient, low-power gates [4].

Fig.1. FINFET design.

IV. FINFET FABRICATION

FinFET’s are usually fabricated on silicon on insulator
(SOI) substrate. It starts by patterning and etching thin fins
on the SOI wafer using a hard mask. The hard mask is
retained throughout the process to protect the fin. The fin
thickness is typically half or one third the gate length, so it
is a very small dimension. It is made by either e-beam
lithography or by optical lithography using extensive line
width trimming [6].

In the gate-first process, fabrication steps after the fin
formation are similar to that in a conventional bulk
MOSFET process. In the gate-last process, the
source/drain is formed immediately after fin patterning. To
protect the fin while forming the other regions, doped poly
or poly Si- Ge [6] or even doped amorphous Silicon [7] is
deposited on the fin. Then the source- drain fan-out pads
are patterned, leaving a thin slot between the source and
the drain. This distance determines the gate length, which
can be further reduced using a dielectric sidewall spacer.
Finally the gate oxide is grown and the gate material is
deposited and patterned.

To create thin fins very close to each other, the sidewall
image transfer (SIT) technique can be used. This technique
can help obtain a fin pitch that is half the lithography
pitch, which is desirable because:
1. It improves device layout density (done by creating

very close fins and using a trim level to break the gate
continuity, thus separating devices), and

2. It enables having the fin pitch smaller than the fin
height, which is desirable because it make the FinFET

have a greater effective device width than a planar
conventional FET.

V. RECENT WORKS

Ultra thin fins result in better SCE, but increased series
resistance. So a fine balance has to be achieved between
the two goals. Also, the fabrication process has to be
easily integrate-able into conventional CMOS process to
the extent possible. Keeping such considerations in mind
and others, there have been many efforts to fabricate and
characterize FinFETs. Some of them are listed below.

Hisamoto et al reported a gate-last process [7] where
they made FinFETs with10nm thick and 50nm tall fins,
and 30nm gate length. The fins were patterned using e-
beam lithography. The gate material was boron-doped
Si0.4Ge0.6, which has the advantage that it is compatible
with poly-Si process and its work function is continuously
controllable by the mole fraction of Ge. Boron-doped
Si0.4Ge0.6 results in a mid-gap work function. The gate was
self-aligned to S/D, which was a raised source drain
(RSD) structure to reduce series resistance. As was
reported, a S/D first, gate-last process can be advantageous
when used with a high-k gate dielectric, which mostly
have thermal stability issues.

Using a gate-first process, Collaert, et al fabricated
FinFETs [8], having gate lengths of 25nm for nFETs and
35nm for pFETs, with 60-80nm tall fins, each being 10nm
thick with a 1.6nm gate oxide EOT. The fins were
patterned using e-beam lithography. Selective epitaxy to
create RSD was not used just to simplify the fabrication
process, even though they would have lowered the series
resistance.

VI. CONCLUSIONS

Due to the exponential growth in transistor usage on
chips, they result in lot of leakage and short channel
effects that are not desirable. Thus FinFET’s are novel and
necessary semiconductor evolution step because of bulk
CMOS scaling problems beyond 32nm because of their
reduced short channel effects (SCE) and relative ease of
integration into existing fabrication processes. They seem
well suited to help us stay on track with Moore’s law, for a
little while longer. Since the control over the channel is
very good in FINFET’s, leakage power during standby
mode is considerably reduced and also since the size of the
channel is around 14nm, thus the problem of both size and
power can be overcome by making use of this radical new
transistors so that the chips generated using FINFET’s are
compact.
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