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Abstract— Quantum Dot Cellular Automata (QCA) has been
emerged as a cut-in nano-technology in the field of digital logic
architecture. It is the most emerging technology in nanoscience.
QCA designed circuits require lesser power & it has high
switching speed and high packaging density with respect to
current CMOS technology. One of the basic building blocks of
QCA circuits is QCA inverter. The conventional QCA inverters
require more normal cells and it has less polarization. In this
paper, we have designed high polarized inverters using minimum
number of rotated (45˚) QCA cells. Till now, the conventional
inverters which have large polarization, they require three to five
normal cells. We have designed the novel inverter using three
rotated cells whose polarization is more than the conventional
three normal cells inverter. We increasing the polarization i.e.
make the three rotated cells inverter circuit more fault- free by
adding extra rotated cells at the output section. In each case, the
designed rotated cells inverters have more polarization (i.e. more
fault free) than conventional inverters though it has same number
of cells. Our finally designed high polarized rotated cells inverter
has five cells and its polarization is greater than any type of
conventional inverters designed till now. Also, here we calculate
the kink energy of each rotated cells inverters.
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I. INTRODUCTION
Quantum dot Cellular Automata (QCA) is an emerging
technology in nano-science which offers a revolutionary
approach at nano level computations [1]. It is a very important
innovative technology at nano-scale. QCA has been
discovered as one of the top six emanating technology [2]-[7].
QCA technology is famous to design general purpose
computational circuits and memory circuits as well as all
important digital circuits [8]-[11]. In 1993, Lent et al., first
proposed the concept of QCA and it is experimentally verified
in 1997. With respect to the most popular CMOS technology,
QCA technology has high packaging density, high switching
speed and low power requirements.
The majority gate, inverter and wire, this three are the
fundamental building blocks of QCA circuits [14]-[18]. There
are many designs of QCA inverter using standard QCA cells
(90˚). The disadvantages of these circuits are that sometimes
it requires more cells or sometimes it has less polarization.
There is a popular design of high polarized QCA inverter
using three to five standard cells [12]. In this paper, we design
an inverter circuit using three rotated (45˚) QCA cells; whose
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polarization exceeds all the pre developed three standard cells
QCA inverters. To make the implemented rotated cells QCA
inverter circuit more fault free i.e. to increase the polarization
much more, we manually insert cells at the output section of
QCA inverter and find out their corresponding kink energy.
Our final inverter circuit has five rotated cells and its
polarization is greater than any types of inverters designed till
now. To perform the defect characterization of QCA circuits
and to study their behavior at logic level, a simulation tool is
important. To study the change of polarization of the inverter
circuits, here we have used QCA Designer tool [13].
This paper organized as follows. In section II, we provide a
little background of QCA technology. Our proposed QCA
inverter design using rotated cells is described in section III.
Section IV reflects the fault free QCA inverter design process.
In section III and section IV, we also provide the values of
calculated kink energies of the inverters. Finally, we conclude
this paper in section V.
II. BACKGROUND MATERIAL
A. QCA Physics
The QCA technology is standing on the QCA cells which
has four quantum dots. This four quantum dots of a QCA cell,
located at corner position with two extra mobile electrons. An
individual QCA cell has three states: a null state and two
polarized state. A null state, as shown in Fig. 1(a), occurs
when the potential barriers become lowered with the two
mobile electrons are free to localize on any dot in the cell. The
other two states are polarization states which occur when the
barrier is raised, and provide the minimum the energy state of
the cell. These two arrangements of polarizations are denoted
as cell polarization P = +1 (binary ‘1’) and P = -1(binary ‘0’).
Again each QCA cell has two possible orientations: 90˚ and
45˚, as shown in Fig. 1(b). In each polarization state, electrons
tend to capture the opposite locations for their mutual
electrostatic repulsion [3].
B. Elementary Logic Primitives of QCA
The basic three building blocks of QCA logic devices
include a QCA wire, QCA inverter, and QCA majority gate
[14]-[18]. QCA Wire: A QCA wire is an arrangement of QCA
cells on a line. The wire is driven at the input cell by a fixed
(held) polarized cell [19].The two types of QCA wire: 90˚
QCA wire and 45˚ QCA wire are shown in Fig. 2(a) and Fig.
2(b), respectively.
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QCA Inverter: The diagram of a conventional QCA
inverter circuit and a high polarized QCA inverter circuit
according to [12] is shown in Fig. 3(a) and Fig. 3(b),
respectively. Fig. 3(c) shows the fault free inverter using
normal cells, where ‘a’ is input and ‘b’ is the output,
according to [12].
QCA Majority Gate: The logic function of a majority gate
is
M (A, B, C) = AB + BC + CA
(1)
Where, A, B, and C are arbitrary inputs. Generally, majority
gate is a three inputs logic function as shown in Fig.4. By
keeping the polarization of any input of the majority gate as
logic ‘1’ or logic ‘0’, an AND gate or OR gate will be
obtained like:
M (A, B, 0) = AB
(2a)
M (A, B, 1) = A+B
(2b)
Not only three inputs, it is also possible to design ‘n’ inputs
majority gate [20]-[21] using threshold logic.

Figure 4.QCA majority gate

Figure 5. QCA clocking

Figure 1. (a) Null state of cell, (b) Polarized state of cell

Figure 2. (a) 90˚ wire, (b) 45˚ wire

Figure 3. (a) Conventional QCA inverter

C. QCA Clocking scheme
Multi phased clocking mechanism is used in the QCA
circuit for information flow. The signal flows in a QCA circuit
is completely controlled by clocks. So a clock plays an
important role in the QCA circuit.QCA circuit areas are
divided into four clocking zones, named Switch, Hold
,Release and Relax [3],[22] as shown in Fig. 5. In switch
phase the actual computation occurs according to the given
input. During the Switch phase, the inter-dot barriers are
slowly raised and the QCA cells become polarized according
to the state of their drivers (that is, their input cells).The
output of this state can be used as the inputs to the next state.
During the Hold phase, the inter-dot barriers are kept high and
the QCA cells retain their present states. In the Release phase,
the barriers are lowered and the cells are allowed to relax to an
un-polarized state. Lastly, in the Relax phase, the barriers are
kept low and the cells remain un-polarized. As shown in Fig.
5, always there is a 90 phase shift from one clock zone to the
next. In each clock zone, the clock signal has four states,
named: high-to-low, low, low-to-high, and high.
D. Kink Energy
The electrostatic interaction occurs between two QCA
cells [12],[23] and it is given by
(3)
Where, the value of ‘k’ is 9×10-9. As Q1 and Q2 are charges of
electron. So, the figure of ‘E’ becomes,

Figure 3. (b) High polarized QCA inverter according to
[12]

Figure 3. (c) Fault free inverter according to [12]

This electrostatic interaction determines the Kink energy
between two cells. Thus, Kink energy is defined as,
(5)
A point to be remember, the kink energy between two QCA
cells only depends on the dimensions of the QCA cells and the
spacing between the cells but it
does not depend upon the
temperature [24], [25].
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III. QCA INVERTER DESIGN USING ROTATED
CELLS
The conventional QCA inverters are designed using
common or standard QCA cells (90˚).It has less polarization,
as well as it takes large number of cells. Though it is possible
to design an inverter using two cells but its polarization
becomes very low. There is another QCA inverter using three
to five common cells whose polarizations are higher than
other conventional inverters [12], but it is not up to the mark.
So, we have to design an inverter using less number of cells,
as well as the polarization will be much high. For this purpose,
we choose the rotated QCA cells. In this paper, we design a
high polarized inverter using three rotated cells and make it
faults free by adding extra cells up to five.
This paper represents the design of a high polarized QCA
inverter using three rotated (45˚) QCA cells as shown in Fig.
6(a). Fig. 6(a) shows the inverter circuit in QCADesigner tool,
where ‘A’ is the input and ‘B’ is the output of the inverter, and
all cells are rotated cells. Fig. 6(b) shows the simulated output
of the inverter for an arbitrary input in QCADesigner tool.
The polarization from the simulation is found to be ± 9.76e-001
,which is greater than the any conventional three normal cells
inverters.
The calculated kink energy for the inverter circuit shown in
Fig. 6(a) is 6.866 x10-20 J.
We know, the fault free inverter circuit has the polarization
± 10.00e-001. So, the inverter circuit shown in Fig. 6(a) is
faulty one. We have to increase the polarization to make the
inverter fault free.

with the number of rotated cells, where the initial inverter
circuit consist of three rotated cells. However the polarization
is not further increased with addition of more number of
rotated cells. So, the inverter shown in Fig.8 (a) is our final
desired design.
The plot of kink energy vs. number of rotated cells and
Maximum polarization vs. number of rotated cells are shown
in Fig. 10 and Fig. 11 respectively.

Figure 6. (a) Implemented high polarized inverter

Figure 6. (b) Simulated output of the inverter shown in
Fig.6(a)

IV. FAULT FREE QCA INVERTER DESIGN
To minimize the fault of the inverter i.e. to increase the
polarization of the inverter shown in Fig. 6(a), one extra
rotated cell is added with the output cell to make the inverter
more fault free. Fig. 7(a) shows this inverter circuit with four
rotated cells and corresponding simulated output is shown in
Fig. 7(b). It is seen that the polarization becomes ± 9.94e-001 ,
which proves that the inverter is almost fault free.
The kink energy for the inverter circuit shown in Fig. 7(a),
is 11.626x10-20 J.
Though, the inverter circuit shown in Fig. 7(a) is almost
fault free, but we can try to make the inverter more faults free,
i.e., try increase the polarization furthermore. Fig. 8 (a) shows
the inverter, after addition of two extra cells with the output
cell of the faulty inverter shown in Fig. 6(a). The polarization
in the simulated output shown in Fig.8 (b) becomes ± 9.97e-001
.
The calculated kink energy for the inverter circuit shown in
Fig.8 (a) is 16.386x10-20 J.
So, the inverter shown in Fig.8 (a) is more faults free than
other designed inverters.
To increase the polarization i.e. to make the inverter circuit
shown in Fig.8 (a), faults free furthermore, we have added
three extra cells at the output of the faulty inverter shown in
Fig. 6(a). But the polarization remains same as the
polarization of inverter circuit shown in Fig. 8(a), and the
calculated kink energy is 18.982x10-20 J.
So, the inverter circuit shown in Fig.8 (a) is the final,
almost fault free circuit.
The kink energy & the polarization of the above discussed
inverter circuits are shown in tabular form in the TABLE I.
Here the kink energy as well as the polarization is increases
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Figure 7. (a) Less faulty inverter using four rotated cells

Figure 7. (b) Simulated output of the inverter shown in
Fig. 7(a)

Figure 8. (a) Less faulty inverter using four rotated cells

Figure 8. (b) Simulated output of the inverter shown in
Fig. 8(a)
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using two rotated cells but polarization becomes very less for
that kind of design, i.e. the two rotated cells inverter have
much more faults. To make our designed three rotated cells
inverter faults free, i.e. to increase the polarization, it is
required to add cells at the output section of the circuit. Our
final less faulty, high polarized inverter consists of five
rotated cells. By adding more cells in the output of a five
rotated cells inverter cannot change the polarization at all. So,
the five rotated cells inverter is our desired less faulty
inverter. The kink energy is increased with the increase of the
number of cells in the inverter. The polarization is constant
after five rotated cells. So, a QCA inverter can be made with
five rotated cells with minimum fault.
In the applications of any QCA circuits, where it required
to using inverters, we can use our designed high polarized
inverter instead of conventional inverters to get better
response and a strong output.

Figure 9. (a) Less faulty inverter using five rotated cells

Figure 9. (b) Simulated output of the inverter shown in
Fig. 9(a)

REFERENCES
1.

2.
3.
4.
5.

Figure 10. Plot of Kink energy vs. Number of rotated
cells

6.

7.

8.
9.

10.

Figure 11. Plot of Maximum polarization vs. Number of
rotated cells

11.

12.

TABLE I. Inverters at a glance
Sl.. No.

No. of rotated
cells

1.

3

2.

4

Kink energy(J)

x10-20
-20
11.626x10
6.866

Polarization

-20

±9.97e-001
±9.97e-001

3.

5

16.386x10

4.

6

18.982x10-20

13.

±9.76e-001
±9.94e-001

14.

15.

16.

V. CONCLUSION
From the above results it is concluded that, the QCA
inverters can be constructed using rotated cells instead of
normal cells. The polarization of a rotated cells inverter is
always greater than that of a normal or standard cells inverter.
Here, inverter is constructed using only three rotated cells
which require less area than the conventional inverters consist
of more normal cells. Again for the same number of cells, the
rotated cells inverters have greater polarization than the
normal cells inverters. It is possible to design an inverter

17.

18.
19.

Retrieval Number: A1333033113/2013©BEIESP

168

C. Lent, and P. Tougaw, “A device architecture for computing with
quantum dots,” Proceeding of IEEE, vol. 85-4, pp. 541-557, April
1997.
M. Wilson et al., Nanotechnology: Basic Science and Emerging
Technologies. London, U.K.: Chapman & Hall, 2002.
C. S. Lent et al., “Quantum cellular automata,” Nanotechnology, vol. 4,
pp. 49-57, 1993.
C. S. Lent and P.D. Tougaw, “A device architecture for computing
with quantum-dots,” Proc. IEEE, vol. 85, pp. 541-557, Apr. 1997.
W. Porod, “Quantum-dot devices and quantum-dot cellular automata,”
Int. J. Bifurcation and Chaos, vol. 7, no. 10, pp. 2199-2218, 1997.
G. Toth and C.S. Lent, “Quasiadiabatic switching for metal-island
quantum-dot cellular automata,” J. Appl. Vol. 85, no. 5, pp.
2977-2984, 1999.
I. Amalani et al., “Experimental demonstration of a leadless quantum
dot cellular automata cell,” Appl. Phys. Lett., vol. 77, no. 5, pp.
738-740, 2000.
A. Vetteth et al., “RAM design using quantum dot cellular automata,”
in Nanotechnology Conf., vol. 2, 2003, pp. 160-163.
A. Vetteth et al., “Quantum dot cellular automata carry look ahead
adder and barrel shifter,” presented at IEEE Emerging
Telecommunications Technologies Conf., 2002.
S. Frost, A. F. Rodrigues, A. W. Janiszewski, R. T. Raush, and P. M.
Kogge, “Memory in motion: A study of storage structures in QCA,”
presented at the 1st Non Silicon Computing Workshop, 2002.
D. Berzon and T. J. Fountain, “A memory design in QCA using the
SQUARES formalism,” Univ. College, London, U.K., Tech. Rep.,
1998.
R. Chakrabarty, A. Khan, “Design of a fault free inverter circuit using
minimum number of cells and related kink energy calculation in
quantum dot cellular automata,” proceeding of 1 st International
Conference IC3A2013, pp. 369-373, January 2013.
Univ. of Calgary ATIPS Lab., QCA Designer. [Online]. Available:
http://www.qcadesigner.ca.
A. Orlov et al., “Experiment demonstration of a binary wire for
quantum dot cellular automata,” Appl. Phys. Lett., vol. 74, no. 19, pp.
2875-2877, 1997.
R. Zhang, K. Wang and G. A. Jullien, “A method of majority logic
reduction for quantum cellular automata,” IEEE Trans. Of
nanotechnology, vol. 3, no. 4, Dec. 2004.
A. Orlov et al., “Experimental demonstration of clocked
single-electron switching in quantum-dot cellular automata,” Appl.
Phys. Lett., vol. 77, no. 2, pp. 295-297, 2000.
G. Toth, “Correlation and coherence in quantum-dot cellular
automata,” Ph.D. dissertation, Dept. of Elect. Eng., Univ. Notre Dame,
Notre Dame, IN, 2000.
I. Amlani et al., “Digital logic gate using quantum-dot cellular
automata,” Science, vol. 284, pp. 289-291, 1999.
M. Crocker, X. Hu, and M. Niemier, “PLAs in quantum-dot cellular
automata,”
IEEE
Trans.
Nanotechnol., vol. 7, no. 3, pp.
376-386, May 2008.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

International Journal of Soft Computing and Engineering (IJSCE)
ISSN: 2231-2307, Volume-3 Issue-1, March 2013
20. Threshold logic. Delft Univ. Technol., Delft, The Netherlands.
[Online].Available:http://einsteni.et.tudelft.nl/sorin/open/98MSprops
8.html
21. Capacitive threshold –logic circuits. Worcester Polytech. Inst.,
Worcester,MA.[Online].Available:http://turquoise.wpi.edu/ CT/
22. K. Hennessy and C. S. Lent, “Clocking of molecular quantum-dot
cellular automata,” J. Vac. Sci. Technol. B, Microelectron. Process.
Phenom., vol. 19, no. 5, pp. 1752–1755, Sep. 2001.
23. R. Chakrabarty, D. Dey , A. Khan, C. Mukherjee, S. Pramanik, “Effect
of temprature & kink energy in multilevel, digitial circuit using
quantum dot cellular automata”, Proceeding of 5 th International
Conference CODEC2012, December 2012.
24. S.Srivastava, “Probalistic modeling of quantum dot cellular automata”,
Graduate school thesis and dissertations,2007.
25. R. Farazkish, S. Sayedsalehi, K. Navi, “Novel design for quantum dot
cellular automata to obtain fault to lerant majority gate”, Journal of
Nanotechnology, vol. 12, 2012.

AUTHORS PROFILE
Angshuman Khan, received his B.Tech.
degree from JIS College of Engineering,
Kalyani, Nadia, India. Currently, he is a
pursuing M.Tech. student in Institute of
Engineering & Management, Kolkata, India.
He has published many papers in International
journals and Conferences. His current research
interests include VLSI Systems & Circuits,
Nanotechnology, Quantum dot Cellular
Automata, etc.
Ratna Chakrabarty, received her B.SC. &
M.E. degree from University of Calcutta,
Kolkata, India and Bengal Engineering &
Science
University,
Howrah,
India,
respectively. She is currently senior Assistant
Professor in Engineering & Management,
Kolkata, India. In her 15 years teaching
experience, she has guided nearly 100 projects
at U.G. & P.G. level. She has published many
papers in National & International journals as
well as conferences. Her current research interests include Analog & Digital
Communication Systems, Nano technology, especially Quantum dot
Cellular Automata, etc.

Retrieval Number: A1333033113/2013©BEIESP

169

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

