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ABSTRACT

Nowadays Quantum Cellular Automata (QCA) as the leading technology in design of microelectronic systems has been
raised. With respect to high velocity and density in low power and also simple concepts, this technology is a viable al-
ternative to CMOS technology. In collector design, the primary component of each processor is very important. Due to
the small elements in this technology, failure rate in manufacturing process technology is very high. In the other hand,
the simulation shows that the intersection point of two wires is one of the critical points in QCA circuits. This means
that defects in the manufacturing process around these points can cause malfunction in the circuit performance. In this
paper, a collector in cross sections of wire in his new method used higher reliability against defects during manufactur-
ing has been developed. QCA Designer software is used to simulate the case study system.
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1. Introduction

Quantum cellular automata (QCA) is a nano-scale tech-
nologies due to its speed and high density, low power,
and simplicity, its alternative technology CMOS is con-
sidered. About 100 thousand times the risk of failure in
this technology than the manufacturing technology in
CMOS has been reported [1]. Therefore, when designing
circuits, QCA fault tolerance circuits should be designed
with special attention to the process of making this tech-
nology encounter with a lower failure rate. In the con-
trary of CMOS technology that information transferred
from a point to another point by electrical current, in
QCA technology information is transferred base on cou-
lomb interactions.

The collector is fundamental and primary component
of a microprocessor. Implementation of this sector as one
of the most important part, in any technology is intro-
duced. Due to electrostatic aspects of the technology,
layout of circuits and pass the two different wires to-
gether is very important in design process. Simulations
shows that the intersection points of two wires are one of
the critical points in QCA circuits. This means that the
incidence of defects in the manufacturing process around
these parts can cause malfunction in the circuit perform-
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ance.

In this paper, Layout of a new collector is presented.
This new method has been used in design of intersection
points for the circuit that can be brought more reliability.
The following sections of this paper are:

Section 2, overview of performance QCA; Section 3,
an overview of manufacturing defects in QCA; Section 4,
the proposed adder structure; Section 5, layout design of
proposed adder; Section 6, reduce consumption levels
proposed adder; and Section 7 is conclusion.

2. QCA Performance

QCA device is a collection of cells QCA [2]. A quantum
cell QCA, consist of four quantum dots that are coupled
to the capacitive and tunnel barrier [3]. Two additional
electrons within cells that can move freely between the
four points but the phenomenon of tunneling into and out
of cell is not possible. Therefore two further electrons
enmeshed on cell and situated against together in each
corner of cell and it caused to —1 and 1 polarization on
the cell.

Figure 1(a), a symbolic display of a cell in two differ-
ent modes polarized which is equivalent to a binary zero
and one shows. In the pattern of the technology, rather
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Figure 1. QCA cellsand logic gates. (a) Quantum dot cells; (b) QCA wirewith normal cells; (c) QCA wireswith rotated cells;

(d) QCA inverter; (€) QCA majority gate.

than binary data as the current key code in a conventional
are transistor circuits. If the exposure time within a cell is
encoded, thus, no current could not be exchanged be-
tween cells and the coulomb interaction suffices to ac-
complish the changes [4].

As shown in Figure 1(b), when a polarized cell with a
cell is placed in a line, coulomb interaction between them,
forcing the second cells to the similar case to first cell,
and this causes the electrostatic energy between cells is
minimal [5,6]. By this process input cell polarizations (0
and 1 digits) propagated in another cells.

2.1. QCA Logic

The main components to the logic QCA including cell
QCA, direct wire with rotated, normal cells inverter and
majority gate have been shown in Figure 1. QCA form-
ing a line of wire QCA that tool for coulomb interactions
between cells. Binary signal due to the coulomb interac-
tion between cells and the clock setting will be distrib-
uted. Figure 1(b) shows a direct cell with normal cells,
and Figure 1(c) as a direct wire with twisting cells shows
that these wires in a certain binary value will not be dis-
tributed along the wire and regularly one constant among
the cells between the positive and negative polarization
conditions will change. Figure 1(b) layout of majority
gate will show in this technology. This gate composed of
five main cells that three input cells and output cells and
a cell as a central cell (Device Cell). This gate is an im-
portant gate on the rational calculations. According to the
figure in this gate, the central cell to select the majority
of the polarization and applied on the output cells be-
cause the coulomb repulsion between electrons only in
this case the three input cells and central cells will be
minimum. Following relationship between input (A, B, C)
and output (F) shows the gate.

F=M(A,B,C)=AB+BC+AC (1)
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In Equation (1), if one of the inputs (A, B or C) is “1”
logically, output equivalent to “OR” gate by two other
input, and if one of the inputs is “0” logically, output of
the majority gate equivalent to “AND” by two other en-
tries.

2.2. Click Clack QCA

Clock is a mechanism to move simultaneously and de-
termine the direction QCA circuits that move information
at the height of the barrier tunneling in the control cells
and only supply power to them. According to Figures 2(a)
and (b), when the clock is high situation in cells without
polarization mode goes. This state is called “Relax”. In
this case, there is no barrier inside the cell. When the
clock goes from High to Low Situation dam comes up
inside the cells slowly and cells affect neighboring cells
to a certain polarity brings. In this situation, called switch
and in this situation the orbital calculations within the
gate circuit runs. When the clock is located in the low
state, the high potential barriers and the electrons trapped
in their place and cannot tunnel to the other quantum dots,
to maintain this status (Hold) said. When the clock goes
from Low to High status, dams come down, and the cell
loses its polarity, to say this situation “Release”. Accord-
ing to Figure 2(c) for the clock in the design and layout,
QCA circuits are divided into four areas and the series
can be attributed to one of the four clock signals, with the
four-phase clock signal, the cells one after another to the
steps listed and information is spread throughout the cir-
cuit [7,8].

3. Manufacturing Defectsin QCA
3.1. Technology

Defects occur during construction, including construction
of electronic circuits is inevitable in any technology.

JSEA



306 Design a Collector with More Reliability against Defects during Manufacturing in Nanometer Technology, QCA

L, « JRELAX
L HOLD N Clock zone 0
| SWITCH Clock zone 1

[eusIs 201D

Clock zone 2

Clock zone 3

Clock zone 0 Clock zone 1

E-field
barrier

Switch Hold Releasex Relax Time

()

Output

OROINCRCIOROMON

Clock zone 2 Clock zone 3

Figure 2. QCA clocking scheme. (a) Set the clock in four areas of QCA circuits; (b) Four-phase clock signal and itsrelation-
ship with thetunneling barrier; (c) Regions of the clock to a direct wire.

Since the discovery of defects in the final testing phase
of construction is irreparable, at each stage is usually a
circuit design efforts by providing guidelines to reduce
sensitivity the circuit against defects to incidence of these
defects are less likely to cause circuit malfunction.

In the coulomb phase of the construction of circuits
QCA defects in the synthesis phase where Individual
cells can be made at the deposition phase where cells in
their specific locations are on the surface can occur. De-
fects resulting from the first phase causes the cell have an
extra point or is lacking. This defect is quite destructive
role on the proper function of the circuit have. In this
article the second phase defects that are more likely to
lack the cell or cells will be an additional model is inves-
tigated.

Manufacturing defects in QCA technology are mainly
divided into two parts: Displacement cell defect and miss-
ing cell defect.

3.2. Shifting Cell Defects

Shifting cell defect in which a cell locating the exact lo-
cation not be considered in layout and it is slightly shift-
ed [9]. Figures 3(a) and (b) show two of these defects
occur in the majority gate.

3.3. Céll Shortage Defect

Cell deficient defect in the circuit layout of a cell is not
entirely in their place. In fact defects circuit one or more
cells have less than without defect circuit. Figures 3(c)
and (d) show two of the occurrence of this defect in in-
verter and majority gate.

3.4. Structure of the Proposed Adder

In Figure 4(a), the proposed structure for collector cir-
cuit layout design is presented. Majority gate, inverter,
fan-out cross way and wire components are on this cir-
cuit. The proposed structure is derived from the new cir-
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cuit structure by a bit adder in Figure 4(b). In reference
[10], a bit adder structure is presented which the volume
of collecting hardware to ward primary collector pre-
sented is much reduced in references [3,11]. Equations (1)
and (2) show the relationship between input and output at
collector. In this equations, a, b, are input operators,
“Cy,” carry bit input and “S” output bits of the sum and
“Cou” carry bit output.

Ccut = m(a’ b’Cin ) (2)

out? ~in?

S=m(~C,,.C,.m(a,b,~C,)) 3)

One of the important cases in the circuit layout design
(QCA) is wire crossing points. In previous projects, two
methods presented for design of this section: 1) the intersec-
tion point of planar; 2) intersection of multi-layered.

3.5. Points of Planar | ntersection

Figure 5(a) shows a planar intersection point. In this
method, design is single-layer and by rotated cells. Ac-
cording to [12], signals passing through the two wires
together will haven’t the smallest affect. Reference [13]
claims that the intersection design in this method is very
sensitive to defects in cell shifting. Also, the nature of the
rotate wire and signal passing through the wire given no
amount of certain binary and the reverse is one among
the cells. Cells deficient defects in the circuit will cer-
tainly cause damage.

3.6. Points of I ntersection of Layer

As shown in Figure 5(b), this intersection is known as a
two-layer design. QCA Designer software is a good tool
for simulation of QCA nano-circuits.

Layout design of this adder in Figure 6(a) and simula-
tion results in Figure 6(b) are shown. Simulation results
show that the error rate is 25% in output. In correct out-
put bits in Figure 6(a) is shown. The equivalent input
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Figure 3. Examples of manufacturing defects on QCA gate.
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Figure 4. The proposed adder structure and itscircuit.
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Figure 5. Wire crossing points.

bits are (A =0, B=Cin=1) and (A =1, B = Cin = 0)
this means. The sum of the numbers is incorrect. This
sensitivity is rooted in the nature of the electrostatic cir-
cuit and disorder in the two signals pass from one layer
to another layer, this error is caused and certainly against
defects in the circuit is very vulnerable during construc-
tion. Also if a method for making multi-layer circuits to
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provide this technology will certainly be much more ex-
pensive than single layer.

4. Layout Design of the Proposed Adder

This paper proposes a method to design QCA intersec-
tion, which does not use twisting wire and layout of two
layers is not necessary. Therefore no weaknesses of the
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Figure 6. A collector designed by the inter section of alayer and its simulation result.
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previous cases are not exists. In this method two-wire,
normal and at the surface cross over together. Funda-
mental changes are the areas of clock circuit. Margin of
these areas is regulated in such a way that the signals at
two different times of the two wire share passed through
the intersection and thus will not cause interference.
Simulation results show that the location of the intersec-
tion and at least one cell before and after the clock phase
of each wire with the other two phases are different, it
will not interfere with the two-wire signal. Central cell at
the intersection point does not matter that will follow which
wire of the clock phase. Thus in intersection only two com-
position of clock phases of confrontation will occur.
When a wire located in switch phase and receiving
specific polarization from self-previous cells in wires at
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this time the other wire in the release phase, which at this
stage is undetermined loss of polarization. Obviously, in
this case, only pristine wire polarization is important and
it is not affected by the wire without a second polariza-
tion. In other case first and second wires will be respec-
tively in the maintenance phase (Hold) and relaxation
phase (Relax). Cell polarization in the first wire at this
moment are fixed and moving it to the next cell. The
second wire at the same moment when the cells are re-
laxed and without polarization, so will not affect per-
formance on the first wire. Figure 7(a) shows the locat-
ing a single-bit adder that designs intersection of above
methods have been used. As shown in Figure 7(b), char-
acterized single-bit adder for above output is absolutely
correct.
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Figure 7. A collector designed by the inter section points with single layer of normal cells and exerts different clock section of

thewire and the simulation results.
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In design layout of a bit adder the intersection points
have been minimum number. Because intersections are
very sensitive to defects inevitable during the construc-
tion. So the reliability of the above brings more to col-
lectors.

5. Reduce Consumption Level of the
Proposed Adder

Consumer level circuit is one of the important factors in
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the design of electronic circuits. One way to reduce con-
sumption levels and the number of cells used in the adder
circuit 7(a) diameter wire is used instead of corners wire.
Figure 8(a) shows compare of a diameter wire with a
corner wire. In diameter wire inverse polarization of cells
one constant among and for correct signal transmission
must be an odd integer number of cells in each diameter
wire.

Another way to reduce consumption levels and the
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Figure 8. Two ways to reduce consumption levels in QCA circuits. (a) The use of diameter wire instead of cornerswire; (b)
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Figure 9. Bit adder with reduced cell number and consumer level.
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Table 1. Comparison of two collectors.

Collector characteristics type collector Cell size Number of cells Consumer level Delay
The main collector 7(a) 18 nm 131 0.15 pm? 2 clock cycle
The main collector 9(a) 13 nm 97 0.6 um? 2 clock cycle
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Figure 10. Output of two-bit adder.
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number of cells in the adder circuit is using stairs wire
instead of the inverter in above circuit that is shown in
Figure 8(b).

Figures9(a) and (b) show the same collector circuit of
Figure 7(a) with its output that the above two changes in
the body to have its original orbit. In addition to the
above two changes each cell used in the circuit side of
the 13 nm instead of previous 18 nm. Circuit simulation
with smaller cells of this output is not correct.

Following table shows values of this circuit with the
main circuit in Figure 7(a) number of used cells, com-
pared to the level of consumption and delay. According
to the results of the table, respectively number of used
cells and the consumption level of the circuit 26% and
60% are reduced.

Important feature of this layout design is ability of ex-
tension of collector in order to sum more digits by more
bits. Figure 10(a) is layout of two-bit adder. That is ob-
tained by tandem in section of two single bit adders.
Collectors of each block in the output Cout, Cin are as
inputs for the next block function. Circuit simulation
results in Figure 10(b) are shown. Positive signals ex-
plained as 1 (binary digit) and negative signals recog-
nized as zero. In Figure 10 (2, 3, 4 row curves), consecu-
tively shows the output signals of Cqy, Sy, S;. Each of the
outputs is focused on 1, 5, and 6 row curves. Last curves
show the input of system. 4 clocks are considered for
case study system delay. According to obtained curves,
output process is like this:
01122334122334452334455634455667

Output of designed adder confirms the correct opera-
tion of the circuit.

As in Figures 10(a) and (b) is obtained, by increas-
ing the inputs, the number of input possible modes in-
creases exponentially, and circuit full test (Exhaustive
Testing) and check all modes may be very hard. So in
this article provides a two-bit adder have sufficed.

6. Conclusion

This article proposed the design of a new collector in
QCA technology. Much attention is paid in design of the
intersection points of wires in the layout. These points
have been designed so that the circuit is flat to further
reduce the manufacturing cost. Two signals’ interference
will be destroyed caused by incorrect operation of the
circuit while the passing of one layer to other layer. Also
in this design, normal cells are used and the numbers of
intersections are the minimum, because of the intersec-
tions and rotated cells against defects during the manu-
facture of highly sensitive and vulnerable. It shows that
consumer level can be reduced or how the above bit ad-
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der to the collector with a bit more promotion.
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