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ABSTRACT
Quantum Dots are nano-structures that has confined motion of electrons in all three spatial
directions, causing electrical propagation through these dots by quantum mechanical
tunneling. Quantum Dot Cellular Automata (QCA) is a novel idea involving cell based
discrete model incorporated in the quantum dots, which are collated to form discrete cells
with identical behavior. It is an architectural advantage over CMOS technology for a region
of bandwidth and power consumption. In this paper metal dot Quantum Cellular Automata is
used to develop a Pseudo Random Noise Sequence Generator and it is applied for CDMA
communication. The present development in the QCA logic is restricted to simulation of
VLSI devices. A Pseudo Random Sequence Generator (p-n sequence noise generator)
consists of a D-latch two of its output connected to XNOR gate, giving a random set of
binary codes. The working of QCA cells is simulated in QCADesigner software using a
bistable simulation with a vector table.
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INTRODUCTION
Present day electronic circuit design primarily focuses on smaller size, high device density,
and low power dissipation to achieve miniaturization along with portability. Among up-andcoming technologies, Quantum-dot Cellular Automata (QCA) promises aforementioned
features [[1]]. The implementation of circuits using QCA follows the principle of Coulomb
interactions, the radius of effect being ~65nm for each cell [[1]][[2]].In QCA, logical inverter
(INV) and majority voter (MV) gates as well as structures binary wire (QCA array) and INV
chain are prime foundations or building blocks in a combinational circuit design[[3]]. It has
been shown that for QCA, the functions with at most three input variables (such as MV) form
the basis for efficient combinational design. As a comprehensive approach towards
communication through computation special logic circuits have been proposed for
implementation in QCA [[4]]. This paper implements a new design of Pseudo Random Noise
Sequence Generator (p-n sequence noise generator) in the Quantum Dots based architecture,
this generator is used in generating and receiving Code Division Multiple Access (CDMA)
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based communication signal [[6]]. In present digital communication systems, pseudorandom
sequence generator model in a quantum dot cellular automata environment is a viable option.
The design consumes very low power and operates at high speed since there is no
displacement of charge carriers across the quantum dots [[6]].
QCA FUNDAMENTALS
QCA CELL
Quantum Dots are coulomb islands formed in the nano-metric range, together arranged in a
square grid to form a cell. The numbering of the dots (indicated by i) in the cell goes clockwise starting from the dot at top right, bottom right, bottom left dot and top left denoted
respectively as i=1,2,3 and 4 [[7]]. Logical state of a cell is same as the polarization state of
the quantum dots. Polarization P in a quantum dot cell is defined as
ρ1 + ρ2 + ρ3 + ρ4
P=

(ρ1 + ρ3) – (ρ2 + ρ4)

Polarization state for quantum dots, ρ1, ρ2, ρ3, ρ3 are individual polarization of quantum dots
at respective positions.
QCA BASIC GATES
Quantum Dot Cellular Automata can be used to obtain logical gates that can simulate outputs
in the order of nanoseconds in the QCADesigner software. Based on mutual interaction
between the cells, basic logic components like an inverter and a three or more input majority
gate can be constructed. Based on the position of tunneling electron a cell is considered to
have logic 1 and logic 0 according to the picture shown[[8]][[9]].

Fig.1 Quantum Dot Cells showing polarization
MAJORITY GATE
A majority gate is the basic building block of Quantum Dot Cellular Automata; it consists of
five QCA cells that realize following function. Majority gate function in QCA is realized as
M(a, b, c) = ab+ bc+ ca where a, b, c are the three input cells. Any one cell is used as a
control cell [[10]].
A majority gate is used to implement a two input AND gate by fixing one of the inputs
(control cell) to logic „0‟ (polarization -1). Similarly an OR gate can be implemented using a
majority gate by fixing one of the inputs to logic „1‟ (polarization +1).
AND (ab) = M (a, b, 0) = ab
OR (ab) = M (a, b, 1) = a + b
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Fig. 2 Majority gate design in QCA
NOT GATE
QCA cells can be placed diagonally one after another to achieve inversion functionality. This
is another fundamental logic structure used to obtain complex logic output. Contemporary
designs are shown here which can be used accordingly to obtain an optimal result.

Fig. 3 NOT gate designs in QCA
NOT(a) = 𝑎
COMBINATIONAL CIRCUITS IN QCA
XOR GATE
The logic function that is followed here is (A or B) and (A nand B) = A xor B. The relative
distance between cells is reduced by manipulation in order to get acceptable magnitude of
output [[11]]. The function followed here is 𝑌 = 𝐴 𝐴𝐵 + 𝐵 𝐴𝐵 that is derived from
𝑌 = 𝐴𝐵 + 𝐴𝐵 ≡ 𝐴 + 𝐵 𝐴 + 𝐵 ≡ 𝐴 + 𝐵 𝐴𝐵 [10]. The OR gate is constructed by
putting two inputs into the two ends of an AND gate, followed by another set of AND gates
the outputs of which are fed to an OR gate that gives the final output for XOR function. A
logic gate in QCA requires fully polarized cells placed adjacent to the input cells, which
during testing phase in simulator have caused strong induction effect on the adjacent cells,
consequently reducing the amplitude of output and often corrupting it. In order to deal with
this issue, the respective cellular distance has been carefully manipulated and the necessary
output is obtained by trial and error method with cells placed in two separate substrate layers
[[12]][[13]].
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Fig. 4 XOR gate in QCA Designer

Fig. 5 Output of XOR gate delayed by one full clock cycle
PSEUDORANDOM NOISE SEQUENCE GENERATOR (PNS) USING D-LATCH
AND XOR GATE
A pseudorandom noise sequence generator is a random code generator that uses a D latch and
a XOR gate to obtain the output. The outputs are the function of Exclusive OR of two of the
outputs of a D latch [[14]][[15]]. Block diagram of the pseudorandom sequence is shown in
figure 6.

Fig. 6 CMOS based design of PNS generator
In simulation the design has some challenges that were encountered with respect to the Dlatch input and its corresponding output. Instead of feeding the D-latch with PNS generator
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output [[16]] it is replaced by a serial bit sequence generator that will give the same set of bits
as the former.

Fig. 7 CMOS equivalent of PNS generator with input modified for QCA Designer

D Latch

D flip-flop

Fig. 8 Pseudorandom sequence with outputs q2 and q3 taken as input to XOR gate

Fig. 9 Inverted output of XOR gate of PNS generator, delayed by two clock cycles in clock
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From figure 9 it is clearly seen that the output out is the Exclusive OR function of
q2 and q3.
ENCRYPTION OF AN INPUT SIGNAL USING PN SEQUENCE
In CDMA generation a data is encoded at the transmitting end with respect to a set of codes
and decoded with the same set of codes at the receiving end [[17]]. A random 16 bit input
sequence is taken for encryption. In CMOS technology the input bit is passed through a
complex logic gate like XOR gate for encryption. Encryption of a data using PN sequence
encrypts the data with the code generated from the PN sequence, forming an encrypted code
ready for transmission.

Fig. 10 Encryption in CMOS
In QCA the encryption of a random sequence of input bits is done by passing on
those bits to one input and output bits of PN Sequence to the other input of the
QCA based XOR gate.

Fig. 11 Encryption module for CDMA generation in QCA using PN Sequence Generator
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Fig. 12 Encrypted output data for the PN sequence generator
The output obtained is exclusive or of the input bits given by input and the output bit pattern
of the PN sequence out.
Table1. PN Sequence bit pattern and Input bit pattern together forming the encrypted bits
PN Sequence output

Expected
111011001010000

Actual Outcome
111011001010000

Input bit sequence
Encrypted Output

101011100110111
010000101100111

101011100110111
010000101100111

DECRYPTION OF ENCRYPTED DATA USING SAME PN SEQUENCE
In the decryption part the encrypted output is passed through another complex gate (XOR
gate) along with the same PN sequence, which is delayed by the exact number of clock cycles
the encrypted output is delayed. Hence the PN sequence in the decryption part has vector
table with 8 full cycle delay, synchronized with the encrypted output.

Fig. 13 CMOS model for decryption
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Fig. 14 Encryption and Decryption module for CDMA communication using PN Sequence in
QCA

Fig. 15 Decrypted output data for the set of PN sequence generator
Table 2. PN Sequence bit pattern and Input bit pattern along with the decrypted data bits
PN Sequence output
Input bit sequence
Encrypted Output
Decrypted Output

Expected
111011001010000
101011100110111
010000101100111
101011100110111

Actual Outcome
111011001010000
101011100110111
010000101100111
101011100110111

ANALYSIS OF THE RESULT
ADVANTAGES OVER CONTEMPORARY STRUCTURES
Distinct research is being done separately on pseudo code generators in QCA. The prospect
of the present design is analyzed with respect to those designs [[18]][[19]]. It is found that the
present design has better capability for encryption of large bits of data, with the aid of vector
tables. The cell input vector for PNS generator is utilized to obtain a data of 15 bits, and
compared to the former designs, we can get 15 bits of encrypted data through 1 single PNS
generator instead of 15 distinct PNS generator for each bit. The advantages are less number
of cell count, low latency, simpler design and smaller cross section area.
In CDMA transmission, only one encoder is required for any number of bits. This is a prime
improvement over previous designs. The CDMA scheme is inspired from the CMOS based
communication model.
CELL COUNT AND STATISTICS
Statistics for the cellular automata is studied and shown below
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Number of substrate layers for the cells: 2
Table 3. Statistics for the parameters of cellular automata
Cell Count

Span(left-right)
nm

Latency
ns

50
104
52
156
52
155

200.00
380.82
254.00
573.84
254.00
579.55

1
1
1
2
1
2

Parameter
Module
XOR gate
PNS generator
Encryption part
Transmission module
Decryption part
Reception module

ISSUES RELATED TO QUANTUM DOT CELLULAR AUTOMATA
QUANTUM DOT CELLULAR AUTOMATA HAS THE FOLLOWING ISSUES
WITH ITS SIMULATION
1. The QCADesigner software gives one output for each input provided, and there is no
provision for obtaining the previous time states for the designs. These disadvantages has
led to the modification of the conventional CMOS equivalent design of the PN Sequence
generator where a single input bit creates the trigger for the PN Sequence generator which
gives output through the feedback.

Fig. 16 Proposed design of conventional PN Sequence Generator

Fig. 17 Output of traditional design that does not give t-1 state
82

International Journal of Computer Application (2250-1797)
Volume 5– No. 4, June2015

The traditional model was tried in QCADesigner with the feedback fed to the input through
OR gate, however the resultant bit pattern was logically incorrect, giving unusual bit patterns
for the t-1, t-2 and t-3 states for successive D Flip Flops [[20]]. This problem is rectified by
starting from input bits of the preceding time states.

t-n state

Fig. 18 t-n states for the p-n sequence
2. The QCA Designer software version is 2.0.3 which was released in 2009, after which
no new versions are available for development. There are design constraints, limitation
of output no provisions for power factor calculation for the designs in the simulator.
CONCLUSION
In this paper a working model for CDMA transmission-reception module residing separately
in the same set of inputs is designed. The design of an effective CDMA module using a PN
Sequence generator is an important step in the field of Quantum Dot Cellular Automata.
Recent researches in communication involve in miniaturization that is pretty effectively
exhibited through the QCA technology. CDMA is the popular coding scheme used in
advanced digital and mobile communication. Generation of a CDMA signal in a QCA
environment not only miniaturize, it reduces power consumption considerably. The fast
switching capability of QCA helps with processing queue, security of transmission over the
air etc. Future scopes of the QCA based CDMA module involve further miniaturization,
using a robust version of a combinational logic and complex encryption algorithm with the
PN Sequence generator.
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