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This paper represents performance of analysis of low power consumption in single electron transistor
(SET) for inverter circuit. Rather than MOSFET Single Electron Transistor that may be used as a
voltage-controlled switch. Current flowing through the SET is result of the electron tunnelling through
the tunnel junctions. Therefore, the demand for supply voltage is also very low. As a result, power con-

sumption on the SET is much lower as compare to MOSFET. The SET is a low power device is used to pro-
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duce new features, which is almost impossible to achieve in the CMOS region. In this simulation the
research work was done through MATLAB with an inverter built by SETs and MOSFETs.
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1. Introduction

The Power consumption and thermal problems are now central
to the construction in the Electronic system. For applications with
high performance, heat affects integration density, efficiency relia-
bility, power consumption and cost. In battery-powered systems
power consumption directly determines the life time of the sys-
tem. Power consumption problems are solved by the new tech-
nologies that increased energy per operation, allowing for
density increases and ultimately performance. Energy and thermal
problems were some of the major reasons for replacing vacuum
tubes through semiconductor devices in the 1960 s and replacing
BJT through CMOS in the 1990 s. CMOS is a standard design tech-
nology used today. As the integrated circuit (IC) integration
increases, it will reach power consumption, thermal limits, and
fabrication; it may be time for another switch to a very different
technology [1].

The scaling of a MOSFET is important to reduce power loss
throughout the device. The developments of CMOS technology
have been made by the engineers for almost 30 years according
to Moore’s law. Some researchers have advice that CMOS may
not be scaled down in upcoming years. The International Technol-
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ogy Road map for Semiconductors (ITRS) has determined the size
of integrated circuits for the next a number of years in terms of
the Moore’s Law (Fig. 1 Fig. 2).

MOSFET is considered to be a main element of the ITRS system.
According to ITRS the existing computing hardware are based on
the '22 nm ’ technology node. It means that the feature size (gate
length) of the standard MOSFET is 22 nm. ITRS has a road map
where 14 nm, 10 nm and 7 nm technology node will be successor
to 22 nm technology node follower in a year 2014, 2016 and 2018
respectively. An MOSFET can support only up to 11 nm technology.
Therefore, the small MOSFET feature size does not support 10 nm
nodes and 7 nm technology nodes. It is therefore clearly under-
stood that CMOS technology is gradually invalid in future. So
reduce the power dissipation at each MOSFET gate will no longer
be possible. To ensure continuous improvement in this area new
switching devices must be used [2].

The single electron transistor is a nano device, offers excep-
tional potential for coming Ultra Large Scale Integrated (ULSI) cir-
cuits because of its size scale integration and low power
consumption. SET is a four-terminal device, it has a source and
drain along with two separate gates. First gate has the same func-
tionality as a CMOS transistor gate and the other gate is specially
used as a back gate is used for controlling purpose.

A SET has a small island that attached with source and drain is
led by tunnel junctions, and is capacitively connected with one or
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Fig. 1. Operation of enhancement PMOS.
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Fig. 2. Operation of enhancement NMOS.

more gates [3]. The Single Electron Transistor can act as a voltage
biased switch witch turn on when the tunnelling current flows
through it and then turn off when the current cannot flow through
it. According to the rules of classical physics, current can’t pass
through a capacitor if the capacitor is connected directly to the
constant voltage source. But according to quantum physics, how-
ever, there is a non-vanishing probability for an electron will pass
through a thin insulating barrier or a thin capacitor. This process is
well-known as Quantum tunnelling [4,5]. The level of the current
flow due to tunnelling of electron is very low. So tunnelling current
is very low (in nanoampere). Therefore, supply voltage require-
ment of SET-based digital circuits is also very low (usually in mil-
livolt). In addition, the SET has the advantage of being smaller in
size (size of quantum dots are a few nanometres). So, because of
above reason SET is a better replacement of MOSFET.

2. Basic theory of MOSFET

There are two type of enhancement-MOSFET

(a) P-channel MOSFET

In the enhancement type PMOS threshold voltage Vr, (at Zero
body bias) it is considered negative, the current Isp flows from
the source to the drain and g, is the mobility of a hole.

In the p-channel MOSFET the equation of different region is
expressed as:

In Cut off (ngglvﬂ),

Ip =0 (1)
In Linear (Vsg >|Vql, Vsp < Vsg-|Vl),
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w Vv
Isp = ,upCOXT (Vsp — |Vr[)Vep — % (2)

In Saturation (Vs¢ > |V1|, Vsp > Vsc - |V1l),

1 w
Isp = 5 tpCox - (Vss — Vr))? (3)

(b) n-channel MOSFET

In the enhancement type NMOS threshold voltage Vi, (at Zero
body bias) it is considered positive [6], the current Ips flows from
the drain to the source and p,, is the mobility of an electron.

In the n-channel MOSFET the equation of different region is
expressed as:

In Cut off (VGS < VT),

Ips=0 (4)
In Linear (Vgs > Vi, Vps < Vs — V1),

w V2
Ips = ,unCaxT (Ves — |Vr|)Vps — % (5)

In Saturation (Vgs > Vi, Vps > Vs — Vi),

1 w
Ios =5 ,unCOXT (Vs — Vr)? (6)

3. Basic theory of Single electron transistor

Every SET has three terminals and one island, these are source,
drain and gate. Insulating tunnel junctions is between drain- island
& source - island. The gate - island is a gate capacitor. By applying
various voltages on gate of tunneling electron through tunnel junc-
tions may be controlled [7]. Fig. 3 shows the Single Electron
Transistor.

For the purpose of appropriate switching one more gate has
been introduced. The gates are coupled with island with capacitors
Cq1 and Cg; respectively. A Source and drain are joined to the island
by two - tunnel junctions. These two-tunnel junctions have very
low capacitive impedance C; and C, respectively. There is one
point to keep in mind that current flow is caused by the tunneling
of electrons through two tunnel junctions. Fig. 4 shows the equiv-
alent SET circuit [8]. The Output stray capacitor Cy and background
charger Qo is shown in circuit model. The SET is highly sensitive to
background charging.

Voltage of the island V (which is function of n), ne (charge pre-
sent is the island) then,

=)

Gate QD \l’unnel junction:
Ve

7
Gate capacito

Fig. 3. Single electron transistor.
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Fig. 4. Single electron transistor - scheme diagram.

_ne+ VG + VoG + Vg1 Cor + ViaCo + Qo
= CZ

V(n)

Here, CZ= CG+G + Cgl + Cg2 + Co
The change of energy due to tunneling of a charge e of island
iSAE,’,
o2
ZCZ

. 2
Here, amount of electrostatic energy = eV(n) + %and voltage

AE; = —eV; +eV(n) + (8)

of lead = V;
Now rate of tunneling I'; can be given as.

AE;

= R AE 1
eRi(i— 1)

Ti 9)

Where, R; = Tunnel resistance, ks = Boltzmann constant, and
T = Absolute temperature

There are four possible ways of tunneling of charge as given,
T'r1, T'ko is the tunneling through tunnel junction 1 and 2 respec-
tively in the direction of right, I'y1, I'1> is the tunneling through
tunnel junction 1 and 2 respectively in the direction of left, Co-
tunneling is ignored here [9].

Then probabilities of the charge states

rLz(n* 1) +1"R1(n7 1)

P(n) =P(n — 1)( o (M) & T (1) (10)
The average current from tunnel junction 1 to 2,
1=>"eP(n)(Tri(n) — Tia(n)) (11)
m
Then islands average voltage
V=Y "V(n)P(n) (12)
m

Charge state n should be calculated with the highest possibility.

Qo+ ViC + V3G + Vg Gy + Vi Cep CZ
Nope = +—
e e
" R V1+RV,
Ri +R,
The basic functionality of a single electron transistor can be

found and all of these equations implemented using the conven-
tional hypothesis of electron tunneling in SET [10].

(13)
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Fig. 5. Average power calculation method.
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Fig. 6. CMOS inverter.

4. Calculate average power consumption and the simple digital
circuit - an inverter

Fig. 5 shows time - power dissipation curve. In this graph area E
(0) refers to the energy dissipated for the time period t (1) - t (0),
this area is covered by the power dissipation curve like time axis
and the perpendiculars points between two curve boundaries
[11]. Sometimes this area can be trapezoidal like E (0), sometimes
rectangular like E (n) or sometimes a combination of two triangles
like E (n + 1). Therefore, the energy dissipated in graph

E=S E®) (14)

Now, we can calculate the average power dissipation for time
period, T=t (N)-t (0) by P=£

In Fig. 6 shows the CMOS inverter, in this the PMOS and NMOS
makes the circuit of CMOS inverter and in Fig. 7 shows the SET
inverter circuit, in this above PSET island is black. This means that
background charge is negative. The blow NSET island is white. The
tariff mark on the back of the both islands is contradictory but their
total values are assumed to be equal. The explanation of the back-
ground charges and characteristics of the SET inverter and CMOS
inverter [12].
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Fig. 7. SET based inverter.
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Fig. 8. Power consumption analysis for the PMOS and NMOS of a CMOS inverter.

5. Comparisons between CMOS inverter and SET based inverter

Power consumption curves in the PMOS & NMOS CMOS inverter
circuits are shown in Fig. 8 and the power consumption curves in
the PSET & NSET SET-based inverter circuit are shown in Fig. 9.

Now taking a power consumption values for different time
average power consumption have been calculated by MATLAB for
both CMOS inverter and SET based inverter circuits using the
above-mentioned power consumption method. By the simulation
following results were found.
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Fig. 9. Power consumption analysis for the PSET and NSET of a SET based inverter.

CMOS inverter average power dissipation for the PMOS is
3.3708 x 107> Watt and for the NMOS is 3.1701 x 10~ Watt.
Hence total average power dissipation across the CMOS inverter
is 6.5409 x 10> Watt.

Now for the SET based-inverter average power dissipation for
PSET is 6.6061 x 10" Watt and for NSET is 6.7223 x 10~'% Watt.
Hence total average power dissipation across the SET based inver-
ter is 13.3284 x 10> Watt.

6. Results and conclusion

Power analysis shows same results for both CMOS inverter and
SET-based inverter. Simulation results clearly show that total
power consumption of SET-based inverter is many times lesser
amount of CMOS inverter. This model is designed to look at the
conventional hypothesis where co-tunnelling is neglected. With
the most valuable results we can consider. We have a lot of exper-
tise in terms of SET-based technology. SET is a future device that
makes the integration technology to be reached the new level of
technology. The SET will be play important role for nanoelectronics
applications.
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