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Abstract: Fin-type field-effect transistors (FinFETs) are promising substitutes for bulk CMOS at the nanoscale. FinFETs are double-
gate and multi-gate devices. Double-gate (DG) FinFETs has better Short Channels Effects (SCEs) performance compared to the
conventional CMOS and stimulates technology scaling. The two gates of a FinFET can either be shorted for higher performance or
independently controlled for lower leakage or reduced transistor count. In this paper, we are designing a 16nm Double-gate (DG)
FinFETSs and extracting their transfer characteristics by using Synopsys HSPICE simulation tool. Full Adder is implemented in CMOS
with 32nm technology and FinFET-shorted gate mode with 16nm technology along with its working waveform and performance
analysis. HSPICE simulations are carried out for the design and results are analyzed.
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1. Introduction

Since the fabrication of an MOSFET, the minimum channel
length has been shrinking continuously. The primary goal of
scaling of MOSFET is to achieve the speed and efficiency
but it will fails in the area of leakage. The motivation behind
the decrease has been a increasing interest in the high speed
devices and very large scale integrated circuits. The key
limitation is the short channel effect (SCE) which is caused
as the length of the channel is reduced leading to the
lowering of the drain potential as drain source voltage which
increases allowing the flow of the electrons . This is called a
Drain Induced Barrier Lowering (DIBL) [1].

In order to reduce these problems, FinFET is introduced
which is a double gate metal oxide semiconductor field
effect transistor. FinFETs offer interesting power-delay
tradeoffs and better characteristics (SCE) in nanometer
regime. The back gate is present, with an input voltage
supply that has more controllability over conducting channel,
which minimizes the short channel effect. The unique feature
of the FinFET is that it has a fin shaped body perpendicular
to the wafer surface which carries the current [2]. The fin
shaped body is made of ultra-thin silicon (Si). The fin acts as
the conducting channel which will be controlled by the
double gates and allows better controllability. The improved
gate control also provides lower in the output conductance,
which will also provide greater voltage gain. As the FinFET
technology extends to Moore’s law in all the ways, it is
completely compatible with the conventional CMOS. Thus
making a fabrication processes easier [3]. Speed and area
which is also important parameters and proper tradeoff
between them should be drawn while designing a circuit.
FinFET is well known to reduce leakage currents and hence
by using FIinFET technology the high leakage current
problem has overcome.

Furthermore, the bulk architecture is required for a high
channel doping density which is required to control the short
channel effects, this leads to the large transversal electric
fields and also unacceptable degradation of electron
mobility. Because of the non-planar structure, the width
quantization effect of the FInFET devices are still suffering
from the issues, that is process complexity and the additional
parasitic capacitance [4]. Anyway it is promising candidate
for the nanometer regime.

This paper is organized as follows; Section 2 explains the
double-gate (DG) FIinFET structure and simulation setup.
The section 3 explains the different modes of operations of
FinFET. The design and implementation of the cmos and
FIinFET full adder bridge circuits in section 4. The Section 5
describes the simulation results and discussion of cmos and
FIiNFET logic arithmetic full adders and finally Section 6
concludes the paper.

2. FInFET Structure

Figure 1 shows the basic structure of a FinFET. The device is
formed on the thin silicon on insulator (SOI) finger termed as
fin. On the top of silicon the fin nitride has been deposited on
a thin pad oxide which protects the silicon fin during gate
poly-SiGe etching [8]. The gates are formed at the vertical
sides of the fin using thin gate oxide layer. Gate work-
function change is essential to adjust the threshold voltage.
Hence, for the gate material poly-SiGe has been chosen. The
FinFET structure has a uniform front and back metal gate
which are attached together and enclosing the conducting
channel [6]. This structure gives a better electrostatic control
of the gate over a channel. The thin body of the fin is
required to ensure that the stand gate has complete control
over the channel. The gate come through the wafer plane,
current flows in a plane which is parallel to the wafer plane,
making the FinFET an quasi-planar structure. FinFETSs have
an added advantage of the process simplicity and
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compatibility with the conventional planar CMOS
technology. The every process step used to fabricate FInNFET
is in widespread use today. Another form of gate can also be
fabricated on top of the fin, in which it becomes a triple gate
FET. Also to an option it can be removed by making the gate
oxide thick, so that the channel is formed only in the sides of
the fin.

P

Figure 1: FinFET Structure

The important feature in a FinFET is the formation of ultra-
thin Silicon (Si) fins which forms the transistor channel to
reduce the SCEs. A FinFET can have a multiple fins as per
the process design. Multiple fins they are usually used to
achieve the larger channel width [7]. The dimension of the
non-planar device affects the performance in terms of power
dissipation and delay.

Figure 2 shows the schematic of a FinFET structure, Where
Lgaee is the physical gate length of FinFET which is defined
by the spacer gap, Hgy, is the height of silicon fin and is
defined by the distance between top gate and the buried
oxide, Ty is the thickness of silicon fin, and defined by the
distance between front and back gate oxides, L is the
extended source or an drain region. The fin width Ty, plays a
major role for controlling the short channel effect effectively.
Therefore, the Trin ~ Lgae/2 is followed.
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Figure 2: Schematic of a FinFET Structure

The basic electrical layout and also the modes of operation of
a FinFET do not differ from a traditional field effect
transistor. It has one source and one drain contact and also a
gate to control the current flow.

3. Modes of Operations of FInFETs

Figure 3 shows the FinFET that can be operated in different
modes of operations; they are explained in brief here:

A. Short Gate (SG) Mode:
In the short gate mode, the front gate and the back gate is
shorted together which provides better driving strength. And

if one of the input voltages is unstable then either the front
gate or the back gate will be able to control over the
operation even when the other one is affected. This mode
improves efficiency and can achieve low leakage [6].

B. Independent Gate (IG) Mode:

The pull up transistors is merged in independent gate mode.
The front gate and the back gate are given two independent
input voltages respectively. The number of transistors used is
reduced, which increases the flexibility in circuit design. The
delay is more when compared to ordinary CMOS.

C. Hybrid Gate (IG/LP) Mode:

In this hybrid mode, both IG and LP modes are used.
Because of this combination, it has the advantageous
properties of both the modes. Therefore this makes the mode
more advantageous and efficient. The number of transistor

used to make this hybrid mode circuit is less in number.
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Figure 3: FINFET — Three Modes of Operation

4. Full Adder

The figure 4 shows a symmetric design which is called as
CMOS-Bridge. This design generates Carry and Sum with
20 transistors, here using two inverters for improving the
driving capability and produce Carry and Sum. The design
uses 24 transistors. The output waveforms are following the
truth tablel of full adder.
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Figure 4: CMOS-Bridge Full Adder Circuit
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The figure 5 shows a proposed symmetric design and
implementation of Double-Gate Circuit with shorted gate
mode which is called as FinFET-Bridge. Full adder is an
logical circuit with the three inputs (A, B and Cin) and two
outputs that is called Sum and Carry. Full adder is one of the
core for the arithmetic processors, therefore by increasing the
performance of full adder thereby the performance of
processors also increased. The improve in performance
which thereby decreasing propagation delay. This design
generates Cout and Sum with 20 transistors, the use of two
inverters is to improve the driving capability and produce
Carry and Sum. Here also the design uses an 24 transistors.

The FIinFETs Back gate is used to control the threshold
voltage (V T ) of the front gate, which is very important for
the performance of the circuit. This is very much helpful in
optimization of different circuits in terms of delay, area and
power. In this paper we have designed FInNFET Full Adder in
SG-Mode to obtain a minimum delay and power dissipation
in comparision with the CMOS. The waveforms are
following the truth tablel of full adder. Here the power
dissipation of the circuit in FinFET is least and hence
preferred over other CMOS models. The time taken is less
which means the speed is also improved using FinFET.
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Figure 5: Proposed FinFET-Bridge Full Adder Circuit using
Shorted Gate Mode

Table 1: Full Adder Truth Table

Input bit for | Input bit for [Carry bit| Sum bit |Carry bit
number number input output | output
A B Cin S Cout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

5. Simulation Results and Discussion

The Simulation waveforms for full Adder using FinFET
16nm technology is shown in figure 6. The figure 7 and 8
shows the CMQOS 32nm technology graph for different 1/O
bits of full adder versus the delay measurement. The figure 9
and 10 shows the graph for different 1/O bits of full adder
versus the delay measurement using Hspice simulation Tool
by selecting FinFET 16nm foundry. The delay and power
dissipation for CMOS 32nm and FinFET 16nm technology
comparisons has been hereby shown through the graphs and
tabulated the differences between them in table2. FInFET
technology shows very less power dissipation when
compared to CMOS technology in table2. The graphs show
that the 1/O bits are the output bits sum(S) and carry(C) with
respects to the input bits (A, B, Cin). From the graphs we can
see that the FINFET graphs shows the minimum variations in
delay when compared to CMOS. Compare to the non-
portable devices, the power consumption is very crucial
because of the rising cooling cost and packaging as well as
reliability problems. To achieve performance requirements
within a power budget was the aims of VLSI (very-large
scale integration) designers.
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Figure 6: The simulation output for proposed Full Adder
using FinFET 16nm technology
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Figure 7: Graph for Full Adder 1/O bits versus delay
measurement using CMOS 32nm technology
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Figure 8: Graph for Full Adder 1/O bits versus delay
measurement using CMOS 32nm technology
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Figure 9: Graph for Full Adder 1/O bits versus delay
measurement using FINFET 16nm technology
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Figure 10: Graph for Full Adder 1/O bits versus delay
measurement using FinFET 16nm technology

Table 2: Parameter measurements between CMOS 32nm
and FinFET 16nm Technology

ABC Power Dissipation (micro | Power Dissipation (pw )
watt) for CMOS 32nm for FINFET 16nm

000 1.1012 11.0337

001 6.208 13.1109

010 6.481 12.0759

011 16.933 11.1652

100 7.0225 10.5927

101 15.4115 11.1273

110 14.9081 12.2739

[ 111 ] 23.396 | 7.8950

6. Conclusion

FinFET are the new challenge for new material nowadays.
This project focussed on the modelling FinFET using a PTM
card. Here the FinFET model has been developed by
following the parameter from nanoscale design. A new
generation of Predictive Technology Model for Multi-gate
(PTM-MG) devices has been developed for early-stage
design-technology exploration. The DG model of FinFET is
successfully constructed and the performance of the device
has been analysed. In this paper, FInFET device has been
simulated using Hspice tool and waveforms characteristics
are plotted. The simulation result shows that with the 16nm
FinFET, we can get a minimum delay and power dissipation
in SG mode. Proposed Bridge-Full Adder is designed in SG-
Mode using FInFET 16nm technology which is shown in the
above circuit diagram, simulated waveforms and tables. By
using FinFETs in VLSI circuits power dissipation can be
reduced and speed can be improved. By using FInFET 16nm
technology simulation results like total power dissipation and
delay are successfully compared to 32nm CMOS model.
Hence we can say that the use of FinFETs in VLSI circuits is
essential.
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