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Abstract

Quantum-dot cellular automata (QCA) is a modern technology, which has higher speed, lower power
consumption, higher density, and lower complexity than conventional technologies, such as CMOS.
Moreover, the gate diffusion input (GDI) technique has been successful in reducing complexity, area,
and energy consumption in low-power circuit designs. In this technigque, a wide range of complex logic
functions can be implemented using only two transistors as the main block. In this study, a QCA-based
GDI block is proposed using only 11 cells as a standard design unit that can be used to implement basic
functions such as AND, OR, MUX, BUFFER, NOT and XOR in digital circuits. QCADesigner
simulations of the functions in 18 nm technology indicate the superior performance of the proposed
block with only one clock cycle delay in performing the operations. Moreover, the power consumption
analysis of the designed circuits is performed using QCADesigner. The advantages of the proposed
circuit compared to previous designs are 31% reduction in cell count, 50% smaller surface area, and
17% reduction in total energy loss.
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Figure (1): Gate diffusion input, a) Basic GDI, b) Modified GDI [1,9]
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Table (1): Different Boolean functions with changes in GDI cell input values [1,9]

N P G D &b
0 B A A’B F1
B 1 A A’+B F2
1 B A A+B OR
B 0 A AB AND
Cc B A A’B+AC Mux
0 1 A A NOT
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Figure (2): Two different polarization states of a QCA cell [14]
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Figure (3): Polarization transfer between QCA cells [19]
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Figure (10): QCA-GDI in [7], Schematic design b) Simulation of QCA-GDI structure
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Table (2): Different logic functions implemented by the proposed QCA-GDI cell

N P G Out &b
0 B A A’B F1

B 1 A A’+B F2

1 B A A+B OR
B 0 A AB AND
0 1 A A NOT
1 0 A A Buffer
B A C C’A+CB Mux
B B A A’B+AB’ XOR
B B A AB+AB XNOR
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Figure (11): Proposed QCA-GDI structure
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Table (4): Default parameters of QCA Designer-E simulation software
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Table (4): Results of evaluation of energy lost in the proposed QCA-GDI cell and previous work
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Figure (12): Comparison of the proposed QCA-GDI block and the block in [7], a) Total wasted energy, b) Average wasted energy
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Figure (13): Comparison of the proposed QCA-GDI block and previous works, a) Number of cells, b) Cost
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Figure (14): The result of QCA-GD simulation, a) Proposed QCA-GDI, b) QCA-GDI cell in [7]
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Figure (15): The result of the simulation of basic gates using the proposed QCA-GDI, a) AND gate, b) OR gate
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Figure (16): The result of the simulation of basic gates using the proposed QCA-GDI, a) MUX gate, b) XOR gate
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Table (5): Comparison of the proposed QCA-GDI cell with other works
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Table (6): Comparison results of MUX 2.1 in the proposed design with previous works
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Table 7: Comparison results of XOR in the proposed design with previous works
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7. Sequential circuits
8. Clock zone
9. Coplanar
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Multilayer

Crossover
Cross-coupling
Pull-up

Pull-down

Power delay production
Parasitic capacitances
Fault tolerance

Dual vector

Coherence

Relative permittivity
Cell size

Clock high

Dot diameter

Clock low

Cell-to-cell spacing
Clock shift

Number of samples
Clock amplitude factor
Convergence tolerance
Layer separation
Radius of effect
Maximum iteration per sample

33.Universal logical gateway

34.

Logic family
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