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Abstract—Nanoelectronic three-input element AND gate was examined. It is composed from 5 tunnel 
junctions, 3 capacitors and 4 voltage sources. The circuit, mentioned below, represent simple 3-input 
AND gate but with much lower energy consumption. However, it request specified conditions. 
Index Terms—nanoelectronics, quantum cellular automata, majority gate, single-electron circuits, logic 
gates.  

I.  INTRODUCTION 

Microelectronic industry has gone through to the 
production of 100 nm structures to maintain the 
level of miniaturization that has stimulated the 
development until now. With decreasing size of 
integrated MOSFET devices limitations become 
more critical. The biggest problem is found in the 
task of electron tunneling through the thin oxide 
layer under gate. To simplify this process, new types 
of dielectrics are developed. 

The most promising technologies in this field are 
quantum dots automates and single-electron devices. 
Single-electronics - a technology that allows you to 
control the transfer and positioning of one or a small 
number of electrons. Single-electron technology will 
allow creating ultrafast processors with low power 
consumption. The principle of this technology is 
based on the effect of the Coulomb blockade and 
tunneling [1]. After research of the effect this subject 
began to pay more attention as an opportunity to 
create higher integrated circuits with lower power 
consumption. 

Several single-electron devices have been 
mentioned in the literature: single-electron memory, 
inverters, majority and logic elements [2]. With the 
growing need for computer modeling elements 
began to appear appropriate software. 

This work presents three-input logic gate AND 
simulated with computer-aided design (CAD) system 
SIMON [3]. The method used for simulations is 
Monte-Carlo method. There were used five tunnel 
junctions, four quantum islands and three capacitors. 
Simulation of the device has been proven its 
efficiency, but there are a few refinements. 

II.  SINGLE-ELECTRON CIRCUITS 

Single-electron circuits consist of connecting 
islands tunnel junctions, capacitors and voltage 

sources. To transfer an electron to the island, it 
should be given the energy higher than the Coulomb 
barrier [4], [5]: 
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where Ci is island capacity, а e is electron charge. 
Single-electron nanocircuit contain islands which are 
connected in random order by tunnel junctions, 
capacitors and voltage sources (Fig. 1). Voltage 
sources have ideal settings, so their inner resistance 
equal to zero. Electrons tunnel regardless island to 
island. Resistance of tunnel junctions must be 
greater than the fundamental quantum impedance to 
localize an electron within the island, Ohm : 
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where h is Plank’s constant. 

 
Fig. 1. Single-electron circle with tunnel junctions, 

capacitors and voltage sources 

where J is tunnel junction; C is capacitor; Vdd is 
voltage source. 
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On the other hand, the fundamental equation 
describing electron tunneling between islands and, 
thus, nanocircuit takes different states. One of them 
is crucial. State is determined by voltage power 
supply and distribution of charges between Coulomb 
islands. Neglecting background charge, each island 
accumulates a certain number of elementary charges. 
However, in case the permanent voltage sources, its 
calculated infinite number of position. When it’s 
required to calculate the fundamental equations shall 
consider a limited number of states. You will find 
out the probability of state as a result. 

It’s necessary to determine all the possible 
quantum transitions to simulate the tunnel junction. 
Tunneling probability depends on the free energy 
caused by the event. The free energy of one-electron 
scheme is the difference of electrostatic energy 
stored in the capacitor and the work performed by 
voltage sources: 

.F U W   

Electrostatic energy U can be determined: 
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where q and v are unknown matrixes of voltage and 
charge of islands, so V and Q are known matrixes 
respectively. In that case, work done by voltage 
sources: 
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where Vn(t) and in(t) are voltage and current pass 
through n source. 

Tunneling probability, Г, for certain tunnel 
junction: 
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where F is change of free energy caused by event; 
RT is tunnel junction resistance; kT is 
thermodynamic energy. Resulting event will be 
determined, according Monte-Carlo method and 
exponential distribution, as soon as all probabilities 
will be known. 

Duration of event can be determined: 
ln( ) ,rt  


 

where r is random number on interval [0,1]. 
According this, the shortest event will take place. 

III.  SINGLE-ELECTRON THREE-INPUT GATE AND 

Three-input logical element AND is showed on 
Fig. 2. The main island of N1–N4 interconnected 
with tunnel junctions J1–J5 and by capacitors C1–
C3 with a logical vector. 

Tunnel junctions and capacitors have such 
characteristics: 

C1 – 0.4 aF, C2 – 0.6 aF, C3 – 0.8 aF, 
J1 – 300 kOhm, 1.2 aF,  
J2 – 300 kOhm, 1.15 aF, 
J3 – 300 kOhm, 1.05 aF,  
J4 – 100 kOhm, 0.9 aF, 
J5 – 10   MOhm, 0.98 aF. 
J5 has a higher resistance and capacitance so 

charge could accumulate and be detected. The 
voltage source Vdd  is -0,115 V. The negative voltage 
value allows work with positive logic pulses. 

Voltage sources V1, V2, V3 act as logic inputs 
and generates only 2 voltage levels: 0.1 V, which 
corresponds to a logical one; and -0.1 V, which 
corresponds to a logical zero. Logic charges are 
transferred through respective capacitors on the 
island of N4, where the charge is formed. The 
presence of a charge corresponding to a logical “1”, 
and its absence – to a logical “0”. 

 
 

Fig. 2. Single-electron AND gate 

IV.  RESULT OF SIMULATION BY CAD SIMON OF 
THREE-INPUT ARE AND 

Logic sources V1, V2, V3 simulate logic pulses 
(Fig. 3,a,b,c). The charge on QN4 (Fig. 3,d) is 
positive only when the logical vector equal to [111]. 
That means all three sources of generating logic 
voltage 0.1 V. The transition between logic “1” and 
“0” and vice versa does not lead to system 
instability. 

Changes voltage between “0” and “1” are 
almost idial. That’s meen that time spant by logical 
voltage source is less than one nanosecond. 

Still it have its trasitional period, but it don’t 
cause any unexpected and unpredictable results. 
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Fig. 3. Wawes-forms of three-inputs gate AND simulation 

On Figure 4 it is displayed the results of 
collecting electrons in quantuum nodes n1(a), n2 (b), 
n3 (c) of electric logical scheme. These odd 
electrons cause gate switching correspondin to the 
results of modeling shown on a previous Fig. 3,d. 

 
a 

 
b 

 
c 

Fig. 4. Charges on intermediate islands N1–N3 

V.  CONCLUSIONS 

In this article, the results of modeling single-
electron three-input device. As a result, we received 
properly working unit, but with some assumptions. 
The final pulse on Fig. 3,d may be a uniform in a 
certain inertia measurement or use. However, it is 
not homogeneous in the general definition, but can 
be used, in the future, to operate with other devices, 
if necessary. 
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логічних елементів 
Розглянуто наноелектронний тривходовий елемент «І». Він складається з п’яти тунельних переходів, трьох 
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А. С. Мельник, А. В. Максименко, А. Д. Свердлова. Компьютерное моделирование одноэлектронных 
логических элементов 
Рассмотрен наноэлектронный трехвходовой элемент «И». Он состоит из пяти туннельных переходов, трех 
конденсаторов и четырех источников напряжения. Схема представляет простой трехвходовой элемент «И», но с 
гораздо меньшей энергией. Однако требуются определенные условия моделирования.  
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