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Abstract: In some special applications, the type of operation that a digital system should do may not
be obvious in advance and in different conditions we need different outputs from this system. In these
types of applications we need reconfigurable hardwares. Nowadays it is common to use FPGA
technology for designing of these programmable blocks. But we should consider novel technologies for
increasing speed up and decreasing the scale. In this paper it is shown and considered designing
reconfigurable blocks by Quantum-dot Cellular Automata and simulating them with QCADesigner
tool.
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INTRODUCTION

Using hardwares with ability of producing new logical functions and configuring themselves with the new
situation can increase efficiency of the system and decreases the expenses of designing and implementing of
different hardwares that each one has its own specific duty.A reconfigurable hardware containing erasable parts
which changes itself dynamically. This structure can increase compatibility of hardwares in different operating
cases. These hardwares are made up of blocks and interconnecting buses within themselves which is shown in
“Fig. 1”.These blocks and interconnecting buses are programmable and able to change their logical structure.
This capability is embedded in FPGA and FPGA is today's solution for designing these hardwares (Jim Torresen
and Knut Arne Vinger, 2002) But FPGA is not efficient for obtaining propagation delay less than 0.001ns and we
must replace it with the other newer technology (Scott Hauck and Andr’e DeHon, 2008).

Quantum-Dot Cellular Automata (QCA):

QCA is a bistable quantum cell. We can use each stable case of this structure for logical zero and one. This
cell has four quantum dots which place in four angles of a square. Each QCA cell has two free electrons which
can move between four quantum dots. Electron move out from one cell to other is not possible. Polarity P is
obtained from electronic charge of each quantum dot that discussed in (Lent, C.S. et al., 1994; Tougaw, P.D. and
C.S. Lent, 1994). For Coulomb repulsion a polarized QCA can be stable in two polarities. These two stable cases
are P=+1 and P=-1 that is shown in “Fig. 2”.
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Fig. 1: Schematic of FPGA internal Input/Output and logical blocks and programmable interconnections (Jim
Torresen and Knut Arne Vinger, 2002).
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Fig. 2: Two possible charge configurations are used to represent logical zero and one.

Logical information can transfer by interactions among neighbor cells (Tougaw, P.D. and C.S. Lent, 1994; S.
Karthigai lakshmi and G. Athisha, 2010). The cell-cell response curve can be computed by solving the two
particle Schrodinger equation (Lent, C.S. et al., 1994). It can been seen in “Fig. 3” that the cell-cell response is
highly non-linear,which indicates signal restoration. Even a slightly polarized input cell induces an almost fully
polarized output cell.
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Fig. 3: The cell-cell response curve.

If polarity of input is changed, the polarity of closest neighbor will change, too. And the other neighbors
follow them as well. “Fig. 4” shows a QCA wire input changes from P=-1 to P=+1, the rest of cells change after
one another to P=+1. It is a simple sample of transferring data between linear series of QCA (K. Walus et al.,
2003).

Implemented Types of QCA:
Four types of implemented QCAs are:

a) Metal-dot QCA.

It was discussed in (I. Amlani et al., 1999).
b) Semiconductor QCA.

It was discussed in (C. Smith et al., 2003; A. Fujiwara et al., 2003).
¢) Magnetic QCA.

It was discussed in (R. Cowburn and M. Welland, 2000; G. Bernstein et al., 2005).
d) Molecular QCA.

It was discussed in (H. Qi et al., 2003; Yuhui L.U. and Criag S. Lent, 2005).
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Fig. 4: a QCA wire and its cells interaction.
Designing Logical Gates with QCA:

As we know common logical circuits are designed by using Boolean algebra and we can also use this algebra
for designing logical structures with QCA.We can assume P=+1 for logical one and P=-1 for logical zero. One of
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the most basic gates in designing logical circuits with QCA is majority gate (Michael T. Niemier and Peter M.
Kogge, 1999; Scott Hauck and Andr'e DeHon, 2008). In a 3-input majority gate, output is equal to one(zero),
when at least two of three inputs become one(zero). It is shown in “Fig. 5a”. A three input majority gate is
formulated as Maj(A,B,C)=A.B+B.C+C.A.So in a QCA inverter gate, when input is one(zero) output will be
zero(one). It is shown in “Fig. 5b”.

Reconfigurable Structures Based on QCA:

In logical structures with QCA there is reconfigurable capability e.g. for a 3-input majority gate with fixing
input ¢ with P=-1(logical zero) we can obtain F=a.b and by putting input ¢ with P=1(logical one), F=a+b is
resulted (Ismo H. Anninen and Jarmo Takala, 2007). By combining AND and Inverter gates or OR and Inverter
gates we can design any logical functions. There are several algorithms to transform conventional Boolean logical
functions to majority gate logical functions (R. Zhang et al., 2004; R. Zhang et al., 2005). We can benefit from
this privilege in designing bigger reconfigurable structures. For example by connecting three 3-input majority
gates (Whitney J. Townsend and Jacob A. Abraham, 2004), which is shown in “Fig. 6” we can design a bigger
reconfigurable gate for realization of several logical functions that are illustrated in table I.

Table 1: Control inputs and corresponding output functions.

F (Output Function) SO S1 S2
a.b.cd 0 0 0
(at+h).c.d 1 0 0
a.b.(c+d) 0 1 0
(ath).(c+d) 1 1 0
a.b+c.d 0 0 1
at+b+c.d 1 0 1
a.b+(c+d) 0 1 1
a+b+c+d 1 1 1
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Fig. 5: QCA gates: (a) Majority gate, (b) Inverter gate.
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Fig. 6: Complex 4-input gate: (a) QCA structure, (b) Schematic diagram.
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“Fig. 7” Shows the simulation results for this complex gate when S2=1,S1=0,S0=0 ( F= a.b + c.d). We
should consider the use of input variable complements in designing logical functions. Hence we should design
reconfigurable structures for selecting inputs complements. In “Fig. 8” a sample of this type of circuit is shown
and its operation is illustrated in Table II. In this structure with a select line we can decide for inputting primary
variable or its complement. This selector is made with five 3-input majority gates and one inverter.It was
simulated with QCADesigner and simulation results is shown in “Fig. 9”. By combining circuits in “Fig. 6” and
“Fig. 8” we can design a new circuit with more flexibility for reconfiguring.

Table 2: Operation of Input Selector.

S out ( output function)
0 A
1 Not A

Simulation Results
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Fig. 7: Simulation results in QCADesigner for complex gate when F=a.b+c.d.
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Fig. 8: Input Selector: (a) QCA structure, (b) Schematic diagram.
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Simulation Results
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Fig. 9: Simulation Results in QCADesigner for Selector.

e.g. for four inputs such as a,b,c,d we can make a bigger reconfigurable block with 23 three- input- majority
gates and four inverter gates which is shown in “Fig. 10”.This reconfigurable block has seven select lines so we
can have a great number of logical functions in output. We can also use this block for making bigger
reconfigurable blocks and produce more complex Boolean functions.

Conclusion:

In this paper QCA was considered as a novel structure for designing reconfigurable logics and two types of
reconfigurable structures was designed and simulated.A bigger reconfigurable block was designed by combining
those small reconfigurable blocks with each other. This reconfigurable block has seven select lines so we can
have a great number of logical functions in output.
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Fig. 10: Reconfigurable block by combining smaller reconfigurable structures.
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