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ABSTRACT

Quantum dot Cellular Automata is a transistor less device which gives answers for density and interconnection.
As now a day’s CMOS size gets reduced we are encountering many problems and Moore’s law of scaling is not
obeyed. By using quantum dots we can reduce the size of overall architectures. This paper proposes a new
design for implementation of binary comparators in QCA.The work uses novel implementation strategies,
formulas of basic logic equations to work comparator efficiently. For design of two different comparators new
methods had been exploited. Comparators presented exhibits high speed with low parasitic, with low area. The
existing and proposed comparators are synthesized using Xilinx and performance is evaluated in terms of
number of gates and delay.
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INTRODUCTION

CMOS circuit design process consists of defining circuit output and input, circuit calculations, layouts
of the circuits, simulations including parasitic, reevaluation of the circuit input and output, fabrication
and testing. As the CMOS technology shrinks year to year problems encountering in silicon is more.
As the size decreases metal routings and widths of metals are unable to decrease, so parasitic due to
metals is more. To overcome this we are going for Q.C.A’s. By using Q.C.A’s special efforts are
made to built arithmetic circuits, adders, multipliers and comparators. QCA implementation existing
in literature is mainly provided for comparing two signals. The structures provided in the paper
provide higher computational capabilities and circuits able to recognize all three possible conditions
in which a=b, a>b, a<b are described. The 32 bit comparator proposed in [1] is improved to 64 bit.

This paper concentrates on different architectures of 64 bit full comparator. The main contribution of
this paper is the introduction of novel design methodology that allows low computational time and
very low space occupying layouts. The rest of the paper is as follows, an introduction of QCA design
and QCA implementation of binary comparator.

BACKGROUND AND RELATED WORKS

Origin

First cellular automata are implemented as a software programs. However in 1993 a physical
implementation of an automation using quantum dot cells is proposed. Automation gained popularity

very fast and it was fabricated in 1997. Both automata and quantum mechanics are combined and
create a very high switching nano-scale device and consuming less electric power.

Modern Cells

Q.C.A is a transistor level device which gives answers for device density and interconnection. For so
many years micro electronics industry has enjoyed dramatic improvements in the speed and size of
electronic devices. This has obeyed Moore’s law of scaling. The basic Q.C.A cell consists of four dots
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which act as vessels to trap the electrons. These electrons are of dimension between few nanometers
to few micrometers. The distance between quantum dots is about 20nm and distance between cells is
about 60nm [1]. Quantum cellular automata are based on simple interaction rules between cells placed
in grid. The electrons in the vessels (quantum dots) are movable between those dots. If electrons are
there in the vessel it is taken as one position either 1 or 0.
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By lithographic techniques we can construct by using aluminum. Electrons are used to store and
transmit data in the cells. These electrons in Q.C.A cell [1] can tunnel and enter into dots. According
to the electron placement in the cell we can assign binary states 1 and 0. The nearby cells interact
through electrostatic forces and tend to align their polarization or sates. Data cannot flow intrinsically
in Q.C.A cells. (fig of Q.C.A cells).To control the data flow in Q.C.A cells power signal is not
required, all it need is proper clock zones. Four clock signals are necessary for propagation of
information in Q.C.A circuits. Each clock is phase shifted [3] by 90.Each clock zone has four phases
named switch, hold, release and relax.

Switch: In this stage the electrons get affected by columbic charges of neighbors because of this force
tunneling hindrance is very high.

Hold: In this state the electrons achieved state will not get changed and tunneling hindrance is very
high.

Release: In this state cells are tied to their hold state and tunneling hindrance is started to slow down.

Relax: In this state tunneling barrier is null and cells are free to acquire new values for propagation of
information in Q.C.A circuits.

Logic Gates

The fundamental logic gates inherently in the Q.C.A technology are the inverters and [4] majority
gates (MG).

M(@a,b,c)=a.b+b.c+c.a
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Majority Gate

An MG gate consists of three inputs and one output. In this structure the electrical field plays a major
role. The direction in which field is more output will be in that direction , whatever the inputs are in
majority becomes the out [5] of the cell. Example, if inputs A and B exist in binary 0 state and inputs
C exists in binary 1 state, the output will be in binary 0 state, because the electric field of A and B is
greater than C. Other types of gates namely AND and OR can be constructed by using MG.

Inverter

We can construct AND and OR gates by changing the value of any of the variable in the [2] MG gate.
Example if we fix C=0 we get AND gate and if we fix C=1 we get OR gate.
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Q.C.A Wires

The cell which are adjacent to each other try to settle in ground state. The state of adjacent cell
depends on the neighboring cells state. So if we apply input to a cell that input is taken forward by
another cell by changing polarization of cell to that of adjacent cell. This is how data get propagated
from one cell to another.fig of wire.
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QCA Implementation of N-Bit Comparators

The theorems and corollaries proposed in this section increases the speed of QCA full comparator and
reduces basic gates. The novel formulations can be exploited in the design

Of n-bit full comparators splitting the operands A(n-1:0) = an-1 ..a0 and B(n-1:0) = bn-1...b0 into
proper number of 2-bit and 3-bit sub words that can be compared applying theorems 1 and 2.The
results obtained in middle can be processed in theorem 3 and 4 together with Corollaries 1 and 2.

Theorem 1: If Ayik2) = k182 and Byeikz) = brabio , with k =2, 4, ..., n-2, n, are two 2-bit sub
words of the n-bit numbers Ag.1.0) and Bn.1.0), respectively [3] then ApigB-1k-2) as defined in ( 2) is
equal to 1 if and only if Ayikz) > Bik2); BoigAr-1x-2as defined in (3) is equal to 0 if and only if
Ax1k-2) < Betk-)

AbigB-1:k-2) = M(@1, b:h ak-2)-M (a1, lﬁ Dy-2) (2)

BbigA-1k-2) = M (a1, bk_—11 a-2) + M(ak, bk_l, lﬂ) (3)
Theorem 2: If Ag1k-3) = Ak-18k-28k-3 aNd B1:k3) = Diabiobis, with k =2, 4, ..., n-3, n, are two 3-bit
sub words of the n-bit numbers A.1.0 and Bn-1.0), respectively then AyigB.1.x-3) as defined in ( 4) is
equal to 1 if and only if Aj1xs > Brak2); BrigAk-1:k-3 as defined in (5) is equal to O if and only if
Ax1:k-3) < Betikea).
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AbigB 13y = M(M(ak-1, b1, a;), M (@1, tfl bk-_z)a k-3 -bk_-s 4)
BoigAria) =M (M(@1,b1,22), M@, Do) s + bica) (5)
Theorem 3: Given two n-bit numbers Ap1.0p and Bn.1.0, ( 6 ) gives ApigBn1:0) = 1 if and only if
A(n-1:0) > B9 Whereas ( 7)) gives BpigA (n-1:0) = 0 if and only if Ag.1.0) < Bp-1:0)-

ApigBn-1:0) = M(M(an.1, Br-t, 8n2),M(@n1, Brt, D), AvigBn-3:0)) (6)
BoigA10=M(M(@n.1,071,81.2),M(@n1,011 b1.2). BoigA 30 (7)
Theorem 4: Given two n-bit numbers A1) and Byn.10), AbigBn-1:n-3) and BpigAn-1n3 IS computed

with (4 ) and ( 5) , then AygB-10) as defined in (8 ) is equal to 1 if Ap.10) > Bne1:0), Whereas
BoigAn-1:0) defined in (9) is equal to 0 if Ap-1.0) < Bn-g) -

AbigBn-1:0) = M(AbigBn-1:-3)), BrigA( n-1:n-3) AvigB(n-4:0)) (8)
BbigA(n—l:O) = M(AbigB(n—lzn—3)), BbigA( n-1:n-3)s BbigA(n—4:O)) ( 9 )
Corollary

Let’s look over two n-bit numbers A1 and Bg.io,and they are divided into the subword
A0 Bz and Berao). 1T ApigBn-1:ny, AvigB(r-1:0), BrigA-1:ny and BuigAn-1.0) are calculated by applying
theorems 3 and 4, then AyigBr-1.0) as defined in ( 10 ) is equal to 1 if and only if Ay1.0) > Bn1o)
whereas BpigA(-1.0) @s defined in (11) is = 0 if Ap.1.0) < By -

AvigBn-1:0) = M ((ApigBn-1:n), BoigAn-1:n), AbigBin-1:0) ) (10)
Bbig'o\(k-l:O) = M(AbigB(n-l:h), BbigA(n-l:h), BbiglA\(h-l:O)) ( 11 )
Corollary 2:

Let us consider two n-bit numbers Ag.1.0) and Bn.1.0), it ApigBn-1.0) and BpigAn-1.0) are calculated by
applying theorems 1, 2, 3 and 4 and/or corollary 1, then A¢Bn-1.0) defined in (12 ) is equal to 1 if A
1.0) = B(n-l:O) .

AciBn-1:0) = M(ApigBin-1:0) BoigAn-1:0)0) -

By using above proposed theorems and corollaries we can construct different architectures.
Novel Design of Comparators

The generic module Ti, with i ranging between 1 to 4,implements the equation enunciated in the i"
theorem, where as C1 and C2 compute the signals ApigBk-1:0) BbigAk-1:0) and AeqB-1.0. The QCA
modules which are represented are used to design two different structures of full comparators here
named as cascade-based (CB) and tree based (TB).

Novel Q.C.A Comparators

For a better understanding of operation, architecture of 64 bit is provided. It is cascaded based 64 bit.
It is made by combining two 32 bit architectures.

Akt

(r1ihfig
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The overall T1 used is two and T2 is n/3 and T4 is n/3 through which AgB and B,;A are computed.
And one instance of C2 is used. As number of MG’s gets increased in the path delay gets increased.
One MG module introduces one clock phase in the overall delay.

T1 and T2 contributes two MG’s and one inverter so over all three clock cycle delay they contribute
and T4 introduces one more MG whereas C2 is responsible for one MG and one inverter. The critical
computational path of CB full comparator consists of n/3+3 MG’s and two inverters. As number of

bits gets increased more MG’s get added in the path and delay gets increased.

To overcome this delay we can go for tree based architecture. In this the operands A and B are divided
[3] into A:AMSBALSB and B:BMSBBLSB-

Tablel.

| Splitting of the operands

32-Bit
A(31:29)A(28:26)A(25:23)A(22:20)A(19:17)A(16:14)A(13:11)A(10:8)A(7:5)A(4:2) A(L:0)
B(31:29)B(28:26)B(25:23)B(22:20)B(19:17)B(16:14)B(13:11)B(10:8)B(7:5)B(4:2)B(1:0)

64 —Bit
A(31:29)A(28:26)A(25:23)A(22:20)A(19:17)A(16:14)A(13:11)A(10:8)A(7:5)A(4:2)A(1:0)
A(63:61)A(60:58)A(57:55)A(54:52)A(51:49)A(48:46)A(45:43)A(42:40)A(39:37)A(36:34)A(33:3)
B(31:29)B(28:26)B(25:23)B(22:20)B(19:17)B(16:14)B(13:11)B(10:8)B(7:5)B(4:2)B(1:0)
B(63:61)B(60:58)B(57:55)B(54:52)B(51:49)B(48:46)B(45:43)B(42:40)B(39:37)B(36:34)B(33:32)
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Results obtained for the novel comparators at several operands of 32and 64 bit are reported in the
below table. The complexity in design is represented in terms of MG’s and inverters within worst
computational paths. The computational capability of each architecture is also specified in the table.

Tablell. Reimplementation Results

Design | Computational capability | Size(n) | MG’s | Inverters | MG’s in worst computational path
CB-32 | full 32 85 33 13

CB-64 | full 64 171 107 14

TB-32 | full 32 83 33 9

TB-64 | full 64 171 108 9

Fig shows number of LUT’s utilized, and it also shows number of inputs
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Equivalent Cascaded based Comparator RTL Design
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Equivalent Cascaded Based Comparator RTL Design

Fig shows number of LUT’s utilized, and it also shows number of inputs.
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Signals Waves

Time : 9390 ps 19998 ps 2999@ ps 3999@ ps 43998 ps

Inputs

a[63:0] =AAAAAAAAAAAAAA | EEElEl e FFFFFFFFFFFFFFFF AAMAAAAZAAAAAAA |DDDDDDDDDDODDDDD A AAAAAA  IFFFFFFFFFFFFFFFF
b[63:8] =BBEEEEBEEBEEED FFFFFFFFFFFFFFF® |BBBBBBBEBBBBEBBE® DDDDDDODDDODDDDD |FFFFFFFFFFFFFFFe@  \BBBEBBBBBBEBEBBBE
Outputs

bgta=1
aegh =0
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CONCLUSION

The method to design binary QCA comparators is based on formulations which increase speed
performance and reduce overall size. The novel comparator splits the given inputs into 2 and 3 bit sub
words by applying thermos.
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