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Abstract:

Nowadays, with the increasing development of science and technology and considering the limitations of the
technologies used in the electronics and computer industries, the need for emerging technologies is more apparent than
ever. One of these emerging technologies that has been welcomed by researchers is the quantum dot cellular automata
technology. Therefore, in this article, new structures for JK type latches and flip-flops, which are an important block in
the logic unit and processors, will be presented. In part of the proposed JK latch block diagram, a multiplexer is used
instead of logic gates, which leads to a structure that has favorable conditions compared to existing designs in terms of
cell number, area, and delay. The simulation results indicate the use of 48 quantum cells, an occupied area of 0.044um2
and a delay of one clock cycle, which seems appropriate compared to previous designs. The simulations of the proposed
structures in the quantum dot cellular automata technology have been performed by the QCADesigner software.
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1. Motivation of the work

Nowadays, due to the increasing human needs to design
high-speed and low-power circuits, CMOS technology
has encountered challenges in implementing these
circuits. Therefore, researchers have turned to other
emerging technologies to find solutions to overcome
these challenges. One of these technologies is the
emerging technology of quantum -dot cellular automata
(QCA). In addition, latches are considered one of the
essential components in the design and implementation
of modern digital circuits. Therefore, considering the
importance of latches and the position of QCA
technology, designing appropriate latches in this
technology will be of great importance. One of the most
important types of latches is the JK latch, and in this
paper, the design of a new JK latch with minimum area
will be a priority.

2. Contributions

Nowadays, due to the increasing human needs for
designing high-speed and low-power circuits, CMOS
technology has encountered challenges in implementing
these circuits. One of the emerging technologies that is
expected to be a suitable alternative to CMOS technology
is QCA. In this paper, a new design for the JK type latch
is presented, and its structure is such that it consists of
connecting AND, OR logic gates and a multiplexer. The
advantage of this structure is the use of a multiplexer
instead of logic gates. In addition, the use of an
appropriate multiplexer in this structure can improve the
efficiency of the circuit in terms of area and number of
cells, compared to other designs. The proposed latch
structure in QCA technology consists of 48 cells, an area
of 0.044 pm? and a delay of one clock cycle. Also, the
JK flip-flop is presented using a pulse-to-edge converter
and the proposed latch circuit.

3. Procedures

In this paper, a new design for the JK type latch is
presented, and its structure is such that it consists of
connecting AND, OR logic gates and a multiplexer. The
advantage of this structure is the use of a multiplexer
instead of logic gates. In addition, the use of an
appropriate multiplexer in this structure can improve the
efficiency of the circuit in terms of area and number of
cells, compared to other designs. The proposed latch
structure in QCA technology consists of 48 cells, an area
of 0.044 pm?, and a delay of one clock cycle. Also, the
JK flip-flop is presented using a pulse-to-edge converter
and the proposed latch circuit. The proposed designs can
be eaily used in more complex circuits and also in
arithmetic logic units (ALU).

4. Findings

In this paper, new structures for JK latch and JK flip-flop
are proposed. Considering the use of multiplexer in the
proposed block diagram, the proposed structures have
suitable conditions in terms of occupied area, delay and
number of quantum cells. The proposed latch structure
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consists of 48 QCA cells, area of 0.044 um? and delay of
one full clock cycle. Also, the proposed final flip-flop
structure consists of 58 QCA cells, area of 0.054 um® and
delay of one full clock cycle.

5. Conclusion

In this paper, new structures for JK type latch and JK
type flip-flop are proposed. The prominent features of the
proposed structures include low number of quantum
cells, minimal area, and appropriate delay. The proposed
circuits can also be used in larger circuits such as
counters. Also, appropriate stability of output signals is
another condition of the proposed structures, and this has
been achieved by observing all the design rules in QCA
technology.
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