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Abstract 

Single-electron transistor (SET) is an important component in our research arena wherever 

operation of device  built one by one electron over channel using the Coulomb blockade effect. The SET 

are frequently debated as fundamentals in nanometre measuring scale since Single electron transistor 

could be completed thru tiny in addition could sense the signal of separate electrons. Though, the 

consumption of  SET is gain of low voltage, input impedances is high, and complex in the direction of 

alternate upbringing charges. which varieties SET may always change field-effect transistor (FET) in 

claims anywhere in voltage gain is high / impedance of low output which essential. It is recognized that 

the manufacture innovation has on the parameters aimed at MOS include scope, past that extra channel 

of scaling isn't reachable. SET is well thought-out of fate and composite IC creation of subbing MOS 

innovation. Material science of Quantum mechanics is utilized in explanation of burrowing of on its 

own electron of SET, that declares the vitality stages which quantize not ceaseless. Central purpose for 

the improvement in SET be in market need of the little force, high thickness as well as quick exchanging 

gadgets. Which are likely by means of SET; most likely speediness involves worry aimed at recollections 

arranged through SET. In the examination, logical model with burrowing result in intersection, 

coulomb boundary, current count, allowed vitality computation dependent on Schrodinger's wave 

condition are presentative, past which extra scaling of the channel isn't reachable 

In this Survey, we will try to provide an overview of research and developments of SET. The 

theoretic study of single electronics includes orthodox theory, coulomb blockade, tunnelling effects, 

Logic gates using Hybrid SETMOS, ADDER using SET/SETMOS, ALU Controller using SET/SETMOS.  

Keywords—Coulomb blockade, MOS, SET, Tunnelling, Tunnel resistance. single-electron transistor 

(SET), orthodox theory, Quantum dot, modelling, and simulation. 

I. INTRODUCTION 

In last 20years, several new fabrication methods had frequently contributed in scaling the 

feature length of MOS (Metal Oxide Semiconductors). However, it has stayed seen that strategies are 

their boundaries extra lessening in practical dimensions (W/L) isn't likely on the grounds that the 

nonappearance of such explicit lithographic examples. Decrease of highlight size has been extended to 

10nm. MOSFET building can't convey the size underneath 20nm since fast straight impressions that 

marks extreme cut off points in the current activity ability. The principles of quantum material science 

and lithographic boundaries structures stay halting the additional mounting the component dimensions 

of MOS. in this way, every one of these reasons are pushing towards the need to have additional reduced 

high thickness and low force gadgets. SET have newly pulled in the researchers aimed at its element 

dimensions in NM and very low control dissemination. Gadgets propelled utilizing SET can possibly 

work electrons fair and square of straightforward charge. A SET is much the same as MOSFET as 

appeared in Fig.1. incorporates the two electron tanks that is "Source" and "Channel", the change lies 

in Channel. As an option of having divert as in the event of MOSFET, that isn't allowing additional 

decrease in its length, is subbed by a little quantum spot. Those two tanks are insufficiently combined 

with a restricted island and that coupling is finished with the assistance of two passage intersections, 

made of aluminium. 
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Figure 1: Structure Of SET [1] 

As per quantum mechanics it is supposed the island is having energy heights divided from 

around tiny detachment, in addition to each side by side takes dissimilar quantity of electrons that 

calculated comparative probable. Reduction in dimensions in energy level space of an Island of 

electrons is growing, shown in Equ.1. which resources is an unintended relative among energy heights 

in addition of square diameter of an Island. Every side by side comprises also 1 or 0 electron.  

 

Procedures by the tunnelling result through the coupling intersections through speck there is 

move of electrons. This roots a solitary charge to leave the foundation tank and go in an island; inside 

the comparative time as the single electron go in the island on a similar time an electron leaves the 

island. The methodology isn't as simple as it looks. It includes the impact of burrowing, co-burrowing, 

coulomb barricade, charge of quantization , coulomb vitality, limit vitality that will be pragmatic at the 

entryway terminals. 

A. Coulomb Blockade Oscillation: 

Intended for continuous voltage or current biased SET, its drain to source current or voltage 

exhibits an oscillating typical by admiration to the input gate voltage. This singularity is identified as 

Coulomb blockade oscillation [1], which is the greatest significant property of the SET. 

Occurrence in the Coulomb blockade oscillation , satisfaction in the Orthodox Theory. Except 

this, SET’s drain-to-source voltage (i.e., VDS) can’t exceed (e/CΣ). With (e/CΣ < VDS < 3e/2CΣ) there 

is no longer exists in Coulomb Blockade area but oscillation of Coulomb remainders. If VDS is 

additional augmented, Coulomb oscillation will vanish out and SET functions as a regular resistor[1]. 

 

Figure 2 Electron tunnelling mechanisms in the SET. [1] 
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B. Principle of Operation:  

As previously discussed, Single electron transistor, and comprises of two passage intersections 

imparting one regular terminal to an espresso self-capacitance, alluded to island. The capability of 

electrical of an island is frequently adjusted via 3rd anode (the gateway), which is capacitive coupled 

towards island. Inside the block stage inaccessible essentialness stages are inside tunnelling extent of 

electron (red) arranged of foundation interaction. Altogether imperativeness stages of an island anode 

with low energy is involved. At the point where optimistic volt is pragmatic to portal cathode the 

imperativeness stages of an island terminal is brought down. The electron can tunnel on island, 

possessing a formerly empty vitality state. From that point it can burrow onto the channel terminal .The 

heights energy of an island electrode is consistently space out through parting of ΔE. ΔE is that the 

vitality expected to every ensuing electron to an island, that goes about as a self - capacitance C. The 

lower C the bigger ΔE gets. [3] 

Fig. 3 shows vitality band when adjusting the gate voltage of a SET transistor (bar 

state/open state). 

 

 

       Figure. 3: SET operating principle [3] 

   

 
Figure. 4: Coulomb Oscillations[3]   Figure. 5: Coulomb Staircase[3] 

C. Electron Tunnelling: 

Tunnelling alludes to the capacity of utilizing the quantum wave properties of an electron to 

permit transmission through a slim voltage-potential obstruction. As indicated by rules of old style 

electrodynamics, not any current could move over a protecting boundary. However, there is a restricted 

probability of an electron on one side of the boundary toward arrive at opposite side says quantum 

mechanics. At the point at what time an inclination volt is applies here would be a current. This 

burrowing current would be corresponding to predisposition volt. In electric standings, passage 

intersection acts in place of resistor through a consistent opposition. A game plan of two conductors 

with a protecting layer in the middle of has an obstruction, yet in addition a limited capacity. The 
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protector is likewise termed dielectric in these specific circumstance; passage intersection carries on as 

a capacitor. [3] 

II. LOGIC GATE USING HYBRID SETMOS/MOSFET 

A. SINGLE ELECTRON TRANSISTOR:  

Further, when two tunnel junctions are laid down in series configuration, the fundamental construction 

of a single electron device can be obtained. The piece of conductor sandwiched between the two tunnel 

junctions is generally recognized as the island. It may also be called grain or a dot  [1]. In the equation 

on paper [1] k is the Boltzmann constant. The minimum charging energy can be written as 

[1] 

 

 
 

Figure 6 : (a) Proportional circuit of SET comprising of passage and non-passage  junction 

through perfect sources of voltage, (b) SET with double islands . 

  

B. METHODOLOGY: 

In this paper [11] they have demonstrated that the SEDs are clearly better than traditional 

CMOS (ceaseless progression of electrons) as far as force utilization yet doesn't have an away 

from regarding speed. In any case, they utilized proposed method which they have proposed, 

SEDs speediness was upgraded while the single electron present and ultra-low force points of 

interest are protected. Absolutely, there work evacuated the SEDs shortcoming while saved 

their points of interest against regular innovation. [11]  

In this procedure [12], the rapid processing innovation, essential correspondence framework 

incorporates encoder and decoder to pass on more data inside a brief timeframe is very 

conceivable by which they have received [12] MVL as well as mixture of nano device are future 

[12]. Additional postponement, utilization of power is very lesser in both half and half 

SETMOS innovation when contrasted with CMOS innovation were appeared in their Table 

[12]. Entirely circuits are reproduced in Tanner T-flavor expert. This PC reenactments gave 

structured circuit execution of rationale door activity effectively. [12]  

In this paper [13], Hybrid methodology for the recreation of different doors and scarcely any 

intricate circuits are presented [13]. All the circuits are recreated and confirmed the outcomes 

in their paper [13]. Altogether outcomes that acquired by SETMOS MV Logic are highly 

improved as contrasted and customary circuits structured with just SET or with just 

CMOS.SETMOS Numerous Value outline circuit square graph is proposed in which rationale 
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is checked. The proposed summation configuration decreases the quantity of parts, henceforth 

circuits could turn out to be a lot of straightforward, so operational speed gets improved in this 

paper [13]  

In this paper [14], the acknowledgment of SET and CMOS engineering has just dazzled a lot 

of fascination in industry [14]. Since nano scale dimensions SET supporters ultralow power 

dispersal and CMOS gives rapid. In any case, idea of Reversible rationale entryway in cross 

breed SET-CMOS space has gotten an extraordinary consideration as of late because of its low 

force dispersal capacity. Here [14] ALU, an essential structure square of CPU, is planned in 

both Parameter Conventional ways and force utilization has diminished drastically. In paper 

they reason that half and half SET-CMOS base Revocable rationale progresses the improved 

execution contrasted with existing customary CMOS plan and understands the objective of low 

power utilization. [14]  

This paper [15] grants a fruitful execution of single electron limit rationale base programming 

rationale cluster from the reenactment perspective. The sensible conditions are approved 

utilizing reenactment consequences of info and yield waveforms. Supported edge rationale 

entryways have been utilized in the circuit which goes about as a safeguard against the criticism 

impact and furthermore assists with expanding the steadiness in this paper [15]. The various 

states of stable activity of the circuit is additionally checked in paper [15] and talked about 

through soundness plots for different info combinations.[15]  

In this paper [16], the littler elements of transistor in the SETMOS innovation because of 

supplanting the SET transistor rather than NMOS transistor at MOSFET construction of XOR 

entryway, and force utilization altogether diminished, by about half even though pace 

postponement has not change. In the XOR 3T gate, it likewise seen that postpone diminished 

fundamentally contrasted with 4T. Because of this paper [16], if SET transistor moves after 

level investigation business also mechanical creation level, which tends to an awesome option 

for MOSFET transistors in advanced mode they watched. [16] 

This paper [1], shows project and reproduction of original digital circuits have been presented. 

The design and simulation have been accomplished using a Monte Carlo based tool for single 

electron circuit simulation named SIMON 2.0. The outputs of the digital circuits have been 

verified. The work was started off with the designing of the basic logic gates and its functional 

attributes were substantiated. This work can be stretched out to build bigger circuits where we 

can explore the possibility of large-scale integration that runs on very low power. Further this 

work can also be drawn out to design subsystems. Accuracy is assured when using the Monte 

Carlo method, but the process experiences a setback in terms of time efficiency while 

simulating large circuits. SETs are known to run on very less current and hence exhibits low 

power dissipation. On the other hand, CMOS functions at realistic temperatures. Therefore, 

SET-CMOS circuits can be fabricated with the help of another MC based simulator called 

SMARTSPICE offering better accuracy. [1] 

This work [17] clarifies the essential thoughts of SET as well as idea of hybridization with 

CMOS innovation progress the voltage level at yield along these lines’ high fan-out. Two cross 

breed SET-MOS based rationale doors (NOT, NAND) are likewise planned and reenacted. 

Considering these circuits’ half and half SET-MOS based 2:4 decoder is proposed, structured 

and recreated. Mixture SET-MOS circuits builds the incorporated thickness, helps in modern 

development to nanotechnology. This innovation diminishes the force utilization of 

circuits.[17]  

The SET Inverter design was verified in contradiction of Monte Carlo simulator SIMON 

Inverters so designed that it can also operated for multi-gate SET. Takings the outcome for 

contextual charge in thought which most important source of leakage is current. The Inverter is 

instigated in the circuit simulator SPICE its input-output characteristics shows encouraging 

results. [18] 

Design and simulation of a SE encoded logic gates and system are presented. The performance 

of the gates and system are verified by use of SIMON2. The free vitality history outlines and 

steadiness plots show that framework introduced in this paper is steady along these lines setting 

up the possibility of utilizing single electron encoded rationale entryways in future low force 

ultra-thick VLSI circuits. [2] 
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A predetermined numeral of SEB-based advanced doors had presented up until this point. In 

this paper, another strategy was proposed to utilize SEB to structure non-symmetric as well as 

non-monotonic doors notwithstanding the regular monotonic and symmetric entryways only 

with solitary phase construction. Each of the sixteen potential 2 input doors was examined and 

shown how that can structured with utilizing just a single stage SEB. To begin with, subjective 

plan methodology for the sum of what entryways has been introduced. At that point itemized 

quantitative structures have been examined for certain doors. The right activity of these 

structures has been checked through SIMON reproductions. The technique which they 

proposed [19] is a significant improvement in advanced circuit structure and is past all plans 

considering regular advances, for example, MOSFET, and so on. The fundamental explanation 

is that all traditional gadgets are intrinsically monotonic gadgets, so their yield is monotonic 

capacity of information. Accordingly, no monotonic entryways, for example, XOR and XNOR 

can't actualized in solitary phase structured and positively required multi-stage structure that 

prompts high force utilization, additional territory on chip and added intricacy, a smaller 

amount speediness of framework, although SEB has innately non-monotonic and occasional 

qualities and they utilize that belongings just because to execute all two input rationale doors 

only in a solitary stage. Numerous rationale entryways have been proposed by SEDs however 

the vast majority of was planned in multi-stage construction. Therefore, every one of them 

endure multi-stage plan disadvantages, for example, more force utilization, multifaceted nature 

and less speed of the door. Not with standing, they have proposed another strategy to structure 

every one of the two-input rationale entryway only in one phase thru an equivalent structure. 

Their work gives another degree of distinction to the SEB. [19] 

C. SINGLE ELECTRON ENCODED LOGIC GATES AND SYSTEM  

The edge conditions for two information AND, OR, NAND and NOR doors could 

compose by way of Y=AND(a, b) = sign{a+b-2} and likewise for different entryways [2]  

To amplify strength for varieties in parameter esteems, the limit esteem T =I (I am being a whole 

number) can be supplanted by the normal of the stretch. The edge door usage of these entryways 

has a similar fundamental circuit topology comprising of a passage intersection with capacitance 

Cj, a yield capacitor Co and an inclination capacitor C. Moreover AND/OR doors contain two 

information capacitors C1p and C2pb for decidedly weighted sources of info, even though 

NAND/NOR entryways hold two capacitors C1n and C2n for the adversely biased data sources. 

The structures of these doors are appeared in this paper [2] 

 

 

[2] 

Figure 7: Single Electron Encoded Logic Gates: (a) 2-input AND, (b) 2-input OR, (c) 2-input 

NAND and (d) 2-input NOR.  [2] 

To determine the parameter values, they assume that resulting voltage stages:  

Logic 0=0 V, Logic 1= 0.1e/C=16mV, Vb= 0.1e/C=16 mV, Rj=100KO  

[1] 

Where 

 

   [1] 
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is obtained as 9.5C. Using the same procedure, we can determine parameter values for other gates. As 

pointed out in ref. 9, a SET inverter ought to follow the limit rationale construction which give enough 

driving capacity as well as steadiness. In the meantime, inverter rearranges yield first limit rationale, 

they must turn around the emphatically and contrarily weighted contributions to the rationale work in 

like manner. The capacity did thru buffered door which backwards performed with entryway self. For 

instance, a cradled AND entryway executes the NAND work. The structures for buffered gates are 

shown in figure 4.  [2] 

 

[1] 

Figure 8: Buffered Gates: (a) 2-input AND, (b) 2-input OR, (c) 2-input NAND and (d) 2-input 

NOR [1] 

 

Y=AB+C+D, this Boolean Expression has been verified by various logic gates considering various 

capacitance value in this paper [1]. 

D. Xor Gate  

The XOR gate also marked as Exclusive OR gate or an inequality detector is alphanumeric. Logic gate 

which devices an operation. This means that true output follows up uncertainty 1, and only 1, of i/p to 

gate are true. If either input is F or together are T,  F output follows. The Single electron XOR gate is 

shown in Figure 7 below.[1] 

 



International Journal of Future Generation Communication and Networking 

Vol. 13, No. 3, (2020), pp. 909–924 

 

916 
ISSN: 2233-7857 IJFGCN 

Copyright ⓒ2020 SERSC 

                 
Figure 9 : Single electron device based XOR Gate [1] 

The XOR gate value had verified in the form of graph is shown in this  paper [1] 

E. SIMON  

Simon is used in MSEJ [1]. A Monte Carlo based simulator for single electron circuits and devices is 

available and is named “SIMON”.  [1] 

III. ADDER USING SINGLE ELECTRON TRANSISTOR/SETMOS 

A. Half Adder & Full Adder: 

To designed of HA and FA appropriate XOR gate selection is much needed. CMOS eq’n for 

XOR gate is OUT=A’B + AB’ The CMOS eq’n shown for the XOR gate can be use in three different 

forms as shown in figure 6,7 and8. [4] 

Type I XOR gate in that 2-AND gate, 2-NOT gate & 1- OR is used. Similarly, they used for 1-

AND gate they required 3-PSET and 3-NSET and for 2-AND gate. They had described in this paper 

[4] 6-PSET and 6-NSET. Likewise, 1-NOT gate they needs 1-PSET and 1-NSET and for 2-NOT gate 

they require 2-PSET and 2-NSET and for the OR gate they need 3-PSET and 3-NSET. Henceforth for 

the Type I XOR gate they used 22 PSET & NSET They cited in table I [4]. similarly, NAND gate is 

shaped and the sign of which is used to create XOR gate where pin 1& 2 are in-put and pin 3 is out-put. 

Type 2 XOR Gate and its level is shown in figure [4] and for the 1-NAND gate they need 2-PSET and 

2-NSET. So, Type 2 XOR gate they  used 8-PSET and 8-NSET. [4] 

 

Figure. 10: Schematic of  Type II  XOR gate [4] 

Fig.14 shows Type-III [4] XOR gate and the number of PSET and NSET used are 16. so, in the paper 

HA and FA made by utilising Type-I or Type-II which need equal number of transistors. NAND gate 

type-II XOR gate are implemented for FA and HA design.[4] 

 
Figure. 11: Schematic of  Type III  XOR gate[4] 
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Figure. 12: Schematic of Half Adder [4] 

The Outcome of  XOR gate stretches ADDITION of V(A) and V(B) of HA and output of OR 

gate stretches CARRY of V(A) and V(B). In its place the use diagram of NAND gate, symbol of NAND 

gate is used in the whole design which results in saving time and complexity of Designing. The inputs 

are V(A) and V(B) and the output is ADDITION & CARRY  which is showed in figure.10. Output of 

HA is established with pact HA circuit. After confirming the outcomes of  HA symbol of HA is formed 

as showed in fig.11 where pin number 1 and 2 are input pin and CARRY and ADDITION are output 

pin. [4] 

 
Figure. 13: Schematic of Full Adder Using Two Half Adder [4] 
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B. Set Based Full Adder 

Binary addition is greatly employed in the majority arithmetic operations. In computers 

it's also employed in calculations associated with operation like index-based addressing. When 

dedicated hardware isn't available for multiplication and division operations repeated addition 

operations are performed. Furthermore, for implementation of more complex arithmetic 

operations, like polynomial approximations adder may be used as a building block. The 

foremost used component for implementing addition operation could be a Full adder (FA).  [3] 

C. Simulation Result of Full Adder: 

The simulation result is being verified of full adder presented in this paper where they 

have assumed C0 is the carry input and A1 and B1 are the inputs to the adder. C1 and S1 

represents the carry and the sum outputs. The stability plot for full adder circuit implemented 

in this paper [3]. 

D. Methodology 

They structured room temperature operable mixture SETCMOS based 4-piece 

Adder/Subtractor circuit shows significant decrease in power utilization. As unique force 

contains the most extreme piece of all out force utilization (however in room temperature, 

spillage and short out force utilization happens with nonminimum esteem), they have 

effectively diminished it by bringing down the estimation of gracefully voltage VDD beneath 

1V (as there is a quadratic reliance of turning power on VDD) just as by making all island 

related capacitance esteems to exist in atto-farad go. In this manner that paper presents another 

effective endeavour in making possibility for ultra-thick circuit with ultra-low force utilization 

in the present nano-innovative period. [20]  

In this paper [4] they planned of low force N-bit Multiplier utilizing SET was proposing. 

Utilizing 3 piece multiplier was planned and checked. Gracefully voltage is just 16mv which is 

one of a kind component of the structure. The force scattering is re-enactment is 6.00E 12W. 

That multiplier straightforward and creative and N-bit duplication should be possible 

effectively with this strategies. [4] 

This paper [3] focuses on theoretical discussion of basic principles of SET, its app’s and its 

importance in the field of nanotechnology to provide ultra-little power consumpt and higher 

operate speediness. Full adder is designed and simulated using SIMOPN. The stability analysis 

for the circuits designed is also done and the stability plots are obtained using SIMON. The 

circuits designed are found to be stable. [3] 

In [13] paper the Hybrid methodology for the reproduction of different entryways and not many 

multifaceted circuits are introduced. Entirely circuits are mimicked and confirmed the 

outcomes. Wholly outcomes those gotten by SETMOS MV Logic are quite enhanced in that 

paper [13] as contrasted and customary circuits planned with just SET or with just CMOS. 

SETMOS Multiple Valued summation circuit square outline they projected that rationale was 

confirmed [13]. They planned synopsis configuration decreases in quantity of parts, Henceforth 

circuits could turn out to be a lot of straightforward , so operational speed gets improved. [13] 

 

IV. ALU CONTROLLER USING SINGLE ELECTRON 

TRANSISTOR / SETMOS  

An ALU is a combinational circuit that can perform a set of basic arithmetic and logical 

operations. Modern central processing unit and graphics processing units contain identical 

dynamic and multifaceted ALUs acting as the fundamental building block. Several research 

works had been proposed on reversible gate based ALU design. Reversible Logic plays a major 

role in fields such as Nanotechnology, CMOS structure of low power, visual compute, low loss 

compute. Limited research work was carried on SET based arithmetic circuits. In this paper, 

they used reversible gates using SET based on the MIB model for performing arithmetic 

operations. The Feynman gate is the greatest elementary revocable gate. It’s the only 2x2 

reversible gate mainly used for fan-out purposes. The Toffoli gate, Fredkin gate, New gate and 

Peres gate are 3x3 reversible gates that could custom to realizing numerous BF. The TSG gate, 
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MKG gate, HNG gate, PFAG gate are 4x4 reversible doors that are designed to implement 

reversible adders. Developed new reverse ALU using elementary quantum gates which can be 

used in the implementation of Quantum computers. proposed a novel design approach for a 2-

bit ALU design using 8:1 MUX with the reversible logic and simulated using Modalism tool. 

designed Quantum cellular automata multilayer ALU to perform arithmetic and logical 

operation using QCA designer tool. developed binary multiplier using single gate SET, double 

gate SET and hybrid SET by combining SET with MOSFET and analysed the performance 

popular rapports of part, control and postponement. The research broadside is ordered as per 

surveys: Segment II defines work value and characteristics of SET. Section III describes the 

working model of SET based 4bit ALU. [5] 

A. DESIGN AND OPTIMIZATION OF ALU: 

Towards progress the capacity and subsequently the postponement to improve than 45 nm 

CMOS and high innovation hub, SETs could include equal, that brings about high current, and thus low 

postponement and best data transmission. Enhanced execution as far as deferral, data transfer capacity 

and yield voltage swing can without much of a stretch remunerate little augmentation in power 

utilization scope of nW in view of including SETs in equal. Eventually consequences shown PDP is 

altogether diminished while changing plan as such. To analyse the exhibition parameters like 

postponement, power, PDP of a SET/SET-CMOS ALU with CMOS ALU we will mimic the circuits 

as under. [8]  

a) Single Electron Transistor Base ALU: Designed actualized through unadulterated SET circuit 

that mirrors CMOS.  

b) . Single Electron Transistor Base ALU: Improved execution: structured through expanding the 

driving capacity of rationale circuits by associating SETs in equal extraordinarily at interface 

of focal unit and its info yield CU.  

c) Single Electron Transistor -CMOS base ALU: Arithmetic primary unit is actualized in SET, 

though, CU is executed in 45nm CMOS. Information CU is the driving unit though the yield 

CU goes about border among focal unit and following stage.  

d) CMOS Base ALU: Designed actualized in 45 nm CMOS with contrast to directly above circuit 

parameters and CMOS circuit. From creation perspective SET-CMOS hybridization is doable 

yet with numerous difficulties. The Single Electron Transistors measured workings are metallic 

SETs which could create CMOS transporter with back-finish of-line (BEOL) perfect 

manufacture procedure. Bit leeway of decreased impression while limiting interconnects 

intricacy. [8] 

B. METHODOLOGY 

In this paper[8], the re-enactment results demonstrate that unadulterated SET based ALU 

working at room temperature and CMOS similar yield voltage of 0.8 V is increasingly 

proficient as far as force, postponement, and force defer item. The reproduction results for 

force, postponement and PDP for advanced SET ALU are 1.77 μW, 144.64 ps and 255.57 μW 

* ps when contrasted with 1.77 μW, 218.19 ps and 386.20 μW * ps for half breed SET-CMOS 

ALU and 5.1 μW, 7.9.85 ps and 3606.74 μW * ps separately for 45 nm CMOS. So as opposed 

to having cross breed circuit to progress the driving ability and thus the deferral, purity of SET 

circuit with enhanced parameters is progressively productive and a lesser amount of intricate 

to create where contrasted with half and half circuits. In this manner, SET based rationale 

circuits could utilized for better force and defer execution. Thus, low force SET rationale can 

be stacked over a CMOS layer by BEOL good creation procedure. By means of such a 

methodology, it is conceivable to pack greater usefulness into a little impression in a 3D IC, 

which brings about shorter basic way and quicker activity. [8] 

In this paper[21] they have proposed two 4bit ALUs were cascaded together to create one 8bit 

ALU onychopathy project was undertaken to learning the VLSI design process and resulted in 

a fully functional ALU with the same functionality as the commercially available product. 

There is only one error is found flipflop on the internal carry line. That has been removed in 

the design and if an updated chip were to be fabricated, the problem will have been solved. The 

8bit ALU is structured utilizing traditional CMOS and low force nano gadget SET. It is re-



International Journal of Future Generation Communication and Networking 

Vol. 13, No. 3, (2020), pp. 909–924 

 

920 
ISSN: 2233-7857 IJFGCN 

Copyright ⓒ2020 SERSC 

enacted in SPICE programming and it is demonstrated that the ALU utilizing SET devours 

substantially less force when contrasted with the regular CMOS. This 8bit ALU could be 

utilized in numerous computerized processors to make it power proficient contrasted with 

regular processors [21] 

In this paper[8] they have designed the 4 bit arithmetic logic unit which is based on single 

electron transistor method which is performed its operation in room temperature. The entire 

design of ALU which is focusing on optimizing the overall design which is performed from 

basic cell level that is transistor level to the circuit level. And, the contrast among the SETMOS 

and hybrid SETMOS has been evaluated. From simulation it as shown that arithmetic logic unit 

based on single electron transistor will optimize the all parameters effectively compared to 

MOS. The major drawback is SETs drivability.[8] 

In this paper[22] they have proposed 4 bit arithmetic logic unit where there is a lesser delay 

which leads to increase the operation speed and faster system. In this paper they designed ALU 

using the gate diffusion technique and transmission gate which are helps to reduce the technique 

that is to optimize the area by using this techniques. By reviewing the project, they designed 4 

bit ALU by using mix design technique to reduce delay and area then that of conventional 

CMOS 4 bit ALU by using TANNER15.0 EDA tool.[22] 

This paper [23] This paper [23] presents delay, force, territory and vitality improvement of a 

novel 4 piece ALU made with assistance a recent structure 9T full ADDER unit and door 

dissemination technique. This number juggling rationale unit engineering was complete 

through utilizing a full snake that just 9 transistors and different multiplexers. To dissect the 

recreations Cadence Virtuoso instrument is utilized. According to recreation results, delay, 

force, zone and complete vitality of the ALU configuration is improved. They conclude that 

this novel 4-bit ALU using newly introduced 9T full adder unit is highly recommended in case 

of less area, minimum power and fast VLSI designs [23] 

In this paper [24] they designed the 4 bit arithmetic logic unit through via 250nm technology. 

In which this 250nm technology helps to reduce area and low power consumption by using the 

gate diffusion technique. The various topology like multiplexer full adder implementations are 

studied and compared. In this paper they chosen gate diffusion technique to minimize the power 

consumption, propagation delay and it concentrates on less area, the number of transistor 

required are less in this the full adder is designed using 10 transistor. Hence the comparison 

which is based on the number of transistor of ALU is done in which among CMOS, nMOSPTH 

and GDI technique. Here the GDI technique has ha high performance characteristics among all 

designed techniques.[24] 

In this paper they designed the 8 bit arithmetic logic unit in which first they designed the 1 bit 

arithmetic logic unit in which 1 bit ALU is having a major unit like adder unit and the control 

unit. By cascading this 1 bit 8 ALUs the designed the 8 bit arithmetic unit. In this for adder unit 

hang and navy gate has used and for designing the control unit they used control output gate. 

The major concentration of this paper is to compare to other papers are to reduce gate count 

and number of transistor in the ALU design. In the result the stimulation and the proposed 

design is done by using cadence tool in that the stimulation and design are done using 180nm 

technology software tool.[25] 

In this paper[26], a low power, area optimized and high speed 4-Bit Arithmetic Logic Unit 

having minimum circuit complexity is presented in an elegant way. The major components of 

the ALU are designed using modified gate diffusion technique. The proposed ALU designed 

cadence 90nm technology. The imitation outcomes display’s planned design has lower delay, 

consumes a lesser amount of power and requires less area. [26] 

In this paper[27] they designed HVT cell by using 4 bit two input ALU in which here to design 

HVT cell they used 45nm technology. In CPU ALU is the utmost significant part which it is 

consisting of CE, FA, LE & AE which are designed using transmission gate based multiplexer. 

Arithmetic logic unit designed to manipulate the logical and arithmetic operation and in 

internally arithmetical block which are intended to compute marked and unsigned numbers. In 

this FA and LE are executed utilizing the HVT cell. In this the examination of intensity between 

the high edge voltage level transistor and typical limit voltage transistor level is made. The 

simulation result which shows FA and LE design through high threshold level transistor is more 



International Journal of Future Generation Communication and Networking 

Vol. 13, No. 3, (2020), pp. 909–924 

 

921 
ISSN: 2233-7857 IJFGCN 

Copyright ⓒ2020 SERSC 

power efficient than with low threshold voltage level cell. THE design of arithmetic logic unit 

is implementation is done using cadence gpdk 45nm technology. [27] 

C. DESIGN OF ALU 

This segment,  diverse sub-squares of basic ALU is in detail. It accomplishes tasks aimed at 

"Include", "SUB", "ANA", "ORA", "XRA", "CMA", "RLC", "RRC", and "MUL" guidelines. 

The control figuring framework gives control signs to ALU to these guidelines. The square 

graph of ALU is appeared in Figure 2. The ALU includes three essential parts as (a)eight fell 

number-crunching and rationale (AL) cuts, (b) a 4-piece multiplier, and (c) a 16 × 8 multiplexer. 

ALU gets two 8-piece information contributions from figuring framework enrols and produces 

the necessary yield. The epic SET-based ALU configuration can be additionally broadened 

utilizing course inputs. The AL cut in ALU is a circuit hinder that plays out the wanted capacity 

on two operands of the slightest bit each. The falling of eight AL cuts brings about the 8-piece 

yield. The AL cut plays out the number juggling (except for multiplier) and rationale capacities. 

The augmentation activity can be practiced utilizing AL cuts by a monotonous expansion 

activity. From now on, to secure up the ALU handling, a committed multiplier square is 

consolidated completes[7]. 

 
Figure 14: The block diagram of 8-bit slice architecture-based ALU [7] 

Increase multi 4-piece number and creates 8bit yield. The 16 × 8 multiplexer chooses 

the yield of either 8-piece of AL cuts or a 4-piece multiplier relying upon "mul" control signal. 

The 16 × 8 multiplexer comprises of eight 2 × 1 multiplexers. The plan and recreation of SET-

based ALU are done in Cadence Virtuoso instrument set. The 8-piece ALU schematic plan is 

appeared in Figure 3 of paper [7] that is point by point portrayal of the square chart appeared 

in Figure 2. In the accompanying subsections, sub-squares of ALU, for example AL cut and 

multiplier are discussed [7] and internal structure is shown in this paper [7] 

D. Results and Discussion 

This sector, the functional simulation of SET base ALU is obtainable initially and later, the 

performance evaluation in terms of power and delay. We simulated the proposed ALU with 1554 SETs 

using MIB model. The control signals (S0, S1) are used to select one among various operations to 

determine the final output. Fig. 19 shows that when the inputs A3=1  A2=0 A1=1 A0=0 and B3=0 B2=1 

B1=0 B0=1 and control signal S0S1=00, the circuit performs addition operation providing output 

Carry=Out[3]=Out[2]= Out[1]= Out[0]=10000. When control signal S0S1=01, it acts as subtractor and 

provides output 10101.When the control signal S0S1=10, it is logical AND operation with output 0000. 

When control signal S0S1=11, the data is shifted left and the result is 0100. Presentation evaluation of 

proposed SET base ALU is shown in Table IV. The symmetric SET based 4-bit ALU operates at room 

temperature with a supply voltage of 400mV exhibits power of 0.52nW and propagation delay of 

350pS.[5] 

E. SIMULATION RESULTS 

Simulation had finished in Cadence Virtuoso Analog Design Environment (ADE). Supply 

voltage, V= 0.8 V is kept up all through in this  paper [5], which is good with 45 nm CMOS. Purpose 
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behind picking VDD 0.8 V is to hybridize SET with CMOS and both can be driven by a similar supply 

voltage. To begin with, the gate level examination is appeared. Later, module shrewd examination for 

force and deferral if there should be an occurrence of unadulterated SET and CMOS rationale with same 

design is introduced. Further, utilitarian confirmation and force defer examination for ALU is appeared. 

For 4-piece ALU, execution is dissected utilizing all out force, deferral and PDP. 

V. CONCLUSION   

Logic gates using hybrid SETMOS/MOSFET. The speed of hybrid counters is enhanced by 

adding parallel SETMOS designs, which is still slower than CMOS. Binary tree multipliers are applied 

using hybrid counters may only find applications whereas the area and the power used remains 

predominant. The long delay of SET/MOS hybrid designs bounds the height of multipliers applied with 

frequency modulation scheme. The higher operating speed for these devices also depends on additional 

technology development. In this Methodology , the design and simulation of a SE encoded logic gates 

and system are presented. The performance of the gates and system are verified by means of SIMON2. 

The free vitality history outlines and steadiness plots show that framework introduced in this paper is 

steady along these lines setting up the possibility of utilizing single electron encoded rationale 

entryways in future low force ultra-thick VLSI circuits.  

For, the ADDER They used extreme sensitive electrometers because of their high 

sensitivity. Complete dimensions for very low dc currents (~10-20A) was proved and the most 

important application of SET is the opportunity to measure the electron additional energies  in 

quantum dots and nanoscale substances. The SET can also be used to detect infrared signals at 

room temperature. This methodology they planned of low force N-bit Multiplier utilizing SET 

was projected. Utilizing 3 piece multiplier is planned and checked. Gracefully voltage is just 

16mv which is one of a kind component of the structure. The force scattering is re-enactment 

is 6.00E 12W. This multiplier is straightforward and creative and N-bit duplication should be 

possible effectively with this strategies.  

SET based ALU is offered initially and later with respect to performance evaluation in 

terms of power and delay. The nano-devices have exceptional properties such as small size and 

can operate at low voltage can be utilize for designing ultra-low-power digital circuits such as 

logic circuits using SET (4-bit ALU) That can handle arithmetic and logical operations by 

giving  2-inputs of 4-bit Length and  2-control inputs to select operation. ALU exhibits the 

power of 0.52nW and a delay of 350pS by this method. The projected ALU can be designed by 

using double gate SET (DGSET) where two gates will handle single electron tunnelling which 

requires low power usage. In this paper of methodology , a low power, area optimized and high 

speed 4-Bit Arithmetic Logic Unit having minimum circuit complexity is presented in an 

elegant way. The major components of the ALU are designed using modified gate diffusion 

technique. The proposed ALU designed cadence 90nm technology. The imitation outcomes 

display’s planned design has lower delay, consumes a lesser amount of power and requires less 

area.  
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