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ABSTRACT

Quantum dot cellular automata(QCA) shows promise as a post sil-
icon CMOS,low power computational technology.Nevertheless,to
generalize QCA for next generation digital devices,the abil-
ity to implement conventional programmable circuits based on
NOR,AND and OR gates is necessary.We devise a new QCA
structure,the QCA multiplier,employing the five quantum dot QCA
cell.The structure can multiply two 4 bit binary number.Tihis work
is motivated by the fact that implementing combinational multiplier
using QCA will reduce its area and consequently its heat dissipa-
tion.The efficacy of our framework is that it uses QCA majority
gates as its primitives.
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1. INTRODUCTION

Complementary metal-oxide semiconductor technology(CMOS)
has consistently provided the required scaling in VLSI circuits.
However, such an aggressive approach has many problems. Some
of these problems are high leakage current, high power density lev-
els and high lithography costs. It is predicted that these problems
will grow in magnitude exponentially as we move towards com-
paction of circuits within a small area. So a viable alternative has to
be determined. One of the possible replacement can be QCA[2] 14,
6,112, [16]. In QCA, logic states, rather than being encoded as volt-
age levels, are represented by the configuration of electron pair con-
fined within a quantum-dot cell. QCA promises small size and low
power consumption|1} 5181 9, [10} [11} 113} 1144 151117, 1181 19} 20].
A combinational multiplier is a good example of how simple logic
functions (gates,half adders and full adders) can be combined to
construct a much more complex function.It is possible to con-
struct a 4X4 binary combinational multiplier from an array of and
gates,half adders and full adders.Consider the following binary
multiplication of two positive 4 bit integer values.

Multiplicand 1101 (13)
Multiplier ~ x 1011 (11)
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In the course of multiplying two binary numbers,each bit in the
multiplier is multiplied with the multiplicand.Each of the four prod-
ucts is aligned by shifting left.The four resulting products are added
to form the final product.Since we are dealing with binary num-
bers, forming the products is particularly easy.If the multiplier bit
is 1,then the corresponding product is simply the shifted copy of
the multiplicand.If the multiplier bit is O,then the product is zero.1-
bit binary multiplication is thus just an AND operation.The above
method can be generalized for N bits.For N-bit multiplication(an
NXN product),the result is 2N bits wide.Hence,4X4 bit multiplica-
tion is an 8-bit result.

This paper demonstrate the use of QCA devices to implement bi-
nary multiplier. A QCA multiplier could be an important element of
future quantum computing systems.

2. PRELIMINARIES

The quantum dot cellular automata use a binary representation of
information, by replacing the current switch with a cell having a
bistable charge configuration. One configuration of charge repre-
sents a binary 1”7, the other a ”’0”, but no current flows into or out
of the cell. The field from the charge configuration of one cell alters
the charge configuration of the next cell.

2.1 QCA Cells

A QCA cell[3],shown in figl contains four quantum-dots at four
corners of a square and two mobile electrons.These electrons can
move to any of the quantum dots by electron tunneling.Due to
Coulombic interaction,these electrons usually tend to reside at the
diagonal corners of the square,giving rise to two configurations that
are stable.Assigning polarization +1 and -1 to these configurations
lead to the two binary logic state 1 and 0.

2.2 QCA Wires

In a QCA wire, the binary signal propagates from input to output
because of the electrostatic interactions between cells .During each
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Fig. 1. Basic QCA cell and Two Possible Polarizations

clock cycle, half of the wire is active for signal propagation, while
the other half is unpolarized. During the next clock cycle, half of the
previous active clock zone is deactivated and the remaining active
zone cells trigger the newly activated cells to be polarized. Thus,
signals propagate from one clock zone to the next.

QCAwire-eps-converted-to.pdf

Fig. 2. QCA wire

2.3 QCA gates

Majority voter gate and inverter acts as the basic gates in QCA. The
governing equation of majority voter gate is

M(A, B,C) = AB + BC + AC (0

Two input AND and OR gate can be implemented from three input
majority voter gate by making one input constant.

M(A,B,1)=A+B
M(A,B,0) = AB 2)
Fig 3 and Fig 4 shows the gate symbols and their layout.

3. COMBINATIONAL MULTIPLIER

In this approach, the multiplier is constructed from an array of
building blocks as shown in the figure 5.Each building block con-
sists of an AND gate for computing the corresponding partial
product(x; X y;).Another component of the building block is a
full adder in which,the output of the AND gate,the carry(C;n)
from the previous block and the sum of the previous block acts
as input.It generates a carry out bit(C,ut) and a new sum out
bit(Sum,ut).The circuit diagram of the multiplier block is shown
in figure 6.
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Fig. 3. QCA Majority Voter Gate
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Fig. 4. QCA Inverter Gate

When this building block is implemented in QCA, two majority gate
and an inverter is used to realize the full adder and the AND gate
can be implemented using another three input majority gate Major-
ity gate 3 by making one of the input equal to 0.Majority gate 1 is
a five input majority gate,whose three inputs are (Sum;n),(C;n)
and the output of the AND gate (z; X y;)and the other two inputs
are shorted to the output of the inverter.The output of majority gate
1 is the sum (Sum,ut).Majority gate 2 is a three input majority
gate.The previous inputs act as the inputs to majority gate 2 and the
output is the carry (C,ut).The output of majority gate 2 is also fed
into an inverter whose output goes into majority gate 1 .The layout
of the multiplier is shown in figure 7.

Figure 8 illustrates the interconnection of these building blocks to
construct a 4X4 combinational multiplier.
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Fig. 6. Circuit diagram of multiplier block

Fig. 7. Multiplier Block Layout
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Fig. 8. 4X4 Multiplier Structure
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Fig. 9. 4X4 Multiplier Block Simulation Result
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Fig. 5. Multiplier Block

4. RESULT ANALYSIS

The multiplier building block is implemented in QCAdesigner. The
simulation result is shown in figure 9. The area of the block is
0.10pm? which consist of 89 QCA cells.From this result it can
be concluded that if the circuit in figure 7 is designed in QCAde-
signer,the approximate area of the circuit will be four times the area
of the block i.e 0.40um? approximately.The area of the circuit is
much less than that of CMOS binary multiplier.Moreover,if figure
8 is observed carefully, it will be seen that binary multiplier of any
combination can be implemented by simply adding that many num-
ber of blocks in each level and the number of levels will be equal
to the order of multiplication.For example,a 5X5 binary multiplier
will have five levels with five blocks in each level.

5. CONCLUSION

This method successfully proposes an efficient circuit design of
a binary combinational multiplier.From the simulation result, it
can be seen that there is a delay in the generation of S,ut
and C,ut.Buteven if there is a delay,since the circuit is de-
signed in blocks,this approach is undoubtedly much more modu-
lar,systematic and regular.
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