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ABSTRACT 

Quantum-dot cellular automata (QCA) is one of the promising emerging technologies being investigated as 
an alternative to CMOS technology. This paper investigate the suitable design for optimized one-bit full adder 
(FA) for implementation in QCA. Also the fault tolerance of the proposed FA outputs due to the missing cell 

defects are analyzed, and the test vectors for detection of all expected faults are identified. QCADesigner 
software is used for design and simulation. The proposed designs are compared with previous works. In 

comparison with the compared previous design, the proposed FA has 25% and 26% improvement in cells count 
and area, respectively, and it is faster. For the proposed FA, the obtained results ascertain that these designs 
are more efficient in terms of area, cell count and delay. Therefore, the implementation of proposed designs 

may be used as a basic building block of a nanoprocessor. 
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INTRODUCTION   

Current CMOS technology has scaled down to few nanometer technologies. Present silicon CMOS technology 
is facing exigent problems, such as quantum mechanical effects, high power dissipation and profound problem in 
feature size reduction. We must go for altered structure of CMOS or alternate of CMOS, and nanotechnology is 
an answer to these problems. The international technology roadmap for semiconductors (ITRS) report [1] presents 
various possible technology solutions. Quantum-dot cellular automata (QCA) [2–5] is a nanotechnology that 
offers a promising method of computation, Signal processing and Signal transformation. Full adder (FA) Presents 
one of the most important building block of arithmetic and digital circuit. Designing a fast and smaller full adder 
is indispensable. Many researches has been targeted upon the implementation of adders with QCA technology 
[7–10]. Optimized design of one bit FA where carry is used as one of the input for implementation of sum is 
implementation in QCA has been presented here. Simulation of missing cell defects have been done and 
identification of test vectors for the detection of missing cell faults for the proposed one bit FA have been 
presented here. Comparison of the proposed FA with previous designs [7–10] have been done. Results ascertain 
that the proposed design is more efficient in terms of cell count and effective area in comparison with the other 
works referred. Further, reduction in number of clock phases, shows extremely low delay may be obtained using 
an optimized layout.   

BASIC QCA CIRCUITS  

Figure 28-1 gives schematic of the ideal QCA cell structures in ground state, which have four identical QDs 
represented as open circles, forming corners of a square. Two electrons are assumed, represented by solid dots, 
in each cell occupying the diagonal positions. The polarization is defined as given in figures 1(a) and (b), 
anticlockwise position to be -1 polarization (P = -1) and clockwise position to be +1 polarization (P = +1) 
respectively.  

In a cell the electrons are allowed to jump between the individual QDs using quantum mechanical tunnelling. 
In an isolated cell the electron will occupy the diagonal dots at ground state due to the coulombic force possessing 
either of polarization. This gives a bistable latch like behaviour with only two stable states. The nearby cells have 
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sufficient barrier in form of intercellular distance, to completely suppress the tunnelling to occur between adjacent 
cells. Coupling between two adjacent cells is governed by the coulombic interaction and clocking action. Figure 
28-2 shows the coupling between the adjacent cells, which compels cell 2 to have the same polarization as cell 1. 

 
Figure 28-1 Ideal QCA cells, with (a) -1 polarization (b) +1 

polarization, (c) dimensions of the cell (d) intercellular distance 

 
Figure 28-2 Cell 2 has the same 

polarization as cell 1 due to coulombic 
interaction. 

The physical interaction between cells may be used to realize elementary Boolean functions. The basic logic 
gates using QCA structure are given in figure 28-3. 

 
Figur 28-3 (a) Redundant inverter gate, (b) Inverter gate, (c) Majority logic gate, (d) Binary wire and (e) Inverter chain 

Majority logic function given in figure 28-3(c) is the most important logic gate, with which we can implement 
OR gate when one input is permanently fixed to logic 1, and AND gate can be implemented fixing one input to 
logic 0. Clocking is very important aspect of QCA, which not only provides a mean for synchronizing information 
flow along the circuit, but also controls the direction of information flow in a QCA circuit. The QCA clock also 
provides the power required for the logic operations. Actually, the clock is used to control the tunnelling barrier 
height of QD in a QCA cell. Clocking scheme can be divided into four regions as given in figure 28-4(a). When 
clock gets low, the electron gets trapped in QD and cannot tunnel to other QD. This is the hold phase. When the 
clock signal is high, all QD’s barrier gets lower and electrons are free to move. This may be called to be null 
polarization state or relax phase. 

Figure 4(b) shows QCA clock, each cell in a particular clocking zone is connected to one of the four available 
phases of the QCA clock. Each cell in the particular clock zone is latched unlatched, and synchronized with the 
changing clock signal. 
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Figure 28-4 (a) Clocking scheme, clock regions and corresponding barrier potential, (b) QCA clock Zone 

PROPOSED DESIGN  

The equations for a FA realized with majority gates and inverters are given by: 

𝑆𝑆 = 𝑎𝑎. 𝑏𝑏. 𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑎𝑎. 𝑏𝑏�. 𝑐𝑐𝚤𝚤𝚤𝚤���� + 𝑎𝑎. 𝑏𝑏�. 𝑐𝑐𝚤𝚤𝚤𝚤���� + 𝑎𝑎. 𝑏𝑏�. 𝑐𝑐𝚤𝚤𝚤𝚤����  = 𝑀𝑀(𝑀𝑀�(𝑎𝑎, 𝑏𝑏, 𝑐𝑐𝑖𝑖𝑖𝑖), 𝑀𝑀(𝑎𝑎, 𝑏𝑏, 𝑐𝑐𝚤𝚤𝚤𝚤)�����, 𝑐𝑐𝑖𝑖𝑖𝑖) ..........(1) 

And 

𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑀𝑀(𝑎𝑎, 𝑏𝑏, 𝑐𝑐𝑖𝑖𝑖𝑖) .........................................(2) 

The schematic diagram of one-bit FA is presented in Figure 28-5. Main improvement lies in the use of carry 
output for implementation of sum. Design of logical structures using two inverters has been proposed. With the 
application of this method, the number of QCA cells has been reduced. Moreover designing two layers with a 
part of the calculation in layer 2 have been done in order to obtain the outputs, create the presented layout an 
effective design with the profound reduction in number of cells, with small size and minimum delay. Using this 
method the layout of the proposed single bit FA is obtained as given in figure 6. This design is designed with two 
layers. And multilayer wire crossing system for crossover wires have been done. The output signals can be used 
as the inputs of the other QCA circuits, as it is shown in Figure 28-6. Also as the output is not surrounded by the 
other cells therefore it can be accessed easily. Hence, this structure does not need wire crossover to transfer output 
signals. 

 
Figure 28-5 chematic diagram of the one-bit FA. 

For the proposed circuit layout and functionality checking QCADesigner version 2.0.3 [6] is used. Following 
parameters for a coherence vector engine [6] is used: radius of effect 75 nm, relative permittivity 12.8, layer 
separation 11.4 nm, temperature 1o K, relaxation time 1.1 fs, time step 0.11 fs, total simulation time 72 ps, clock 
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high 9.8 × 10-22 J, clock low 3.8 × 10-23 J, clock shift 0, clock amplitude factor 2. Also cells are assumed to have 
a width and height of 20 nm, and quantum dots have 5-nm diameter. 

 
Figure 28-6 Layout of one-bit FA. 

 FAULT TOLERANCE IN THE PROPOSED FULL ADDER   

Recently, fault-tolerant properties and characteristics of QCA for is the buzz word and have been reported 
by many researchers [7-9]. The cell misplacement, cell misalignment cell missing cell, misshapen cell, and 
additional cell defects are the identified defects as well as single electron fault, three electron fault etc as 
identified as faults in QCA circuits [11-13]. Here, simulation of missing cell defects and identification of the 
test vectors for detection of all faults for the proposed FA are provided. For all simulations, a particular cell 
labelled with the number i, shown in Figure 6, is deleted in the original (defect-free) configuration of the 
proposed FA. The new configuration has been simulated using QCADesigner with its coherence vector 
engine. The simulation results show that deleting the cells with the numbers 1 to 16 results desired output in 
output Carry; also deleting the cells with the numbers 5, 28, 30 and 31 results desired output in output Sum. 
In addition, for the input set {a b cin} = {000, 001, 010, 011, 100, 101, 110, 111} all distinct faulty outputs in 
the output Sum are obtained: {10101010, 01001101, 00010111, 01110001, 00001111, 11001100, 11010100, 
01010101, 00101011, 00110011}; also, all distinct faulty outputs in output Carry are obtained: {00001111, 
01001101, 11101000, 00110011, 10001110}. For detecting the effects of these defects, a test sequence can be 
utilized as: {a b cin} = {010, 011, 101, 110}. This test vector can detect any cell missing defects in the 
proposed FA layout. 

RESULTS AND DISCUSSION  

Waveforms of input and output signals, for the proposed one-bit FA have been shown in Figure 28-7. A 
detailed comparison between the proposed designs and previous works have been shown in Table 28-1, where 
BKA stand for Brent–Kung adder. As it is seen from Table I, in comparison with the best previous FA presented 
in [5,14], the important enhancements achieved for the proposed FA are 26% in the area, 25% in the cells count 
and 15% in the wasted area in cells, where the important improvement is obtained by the following equation:  

Important improvement = (1-X/Y)*100......................(3) 

where X is the cell count for our designs and Y is the cell count for previous designs. Also our FA is faster 
than the compared designs. 
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Figure 28-7 Simulation results for the proposed one-bit FA. 

Table 28-1 Comparison with previous designs. 

Reference Approximate Area 
(µm2) 

Approximate wasted 
area in cells Cell count Delay 

(Clock Pulse) 
Type 1[5] 0.05 84 79 5 
Type 2[5] 0.03 42 51 3 

Proposed FA 0.022 35 38 2 

CONCLUSION 

Optimized design of single bit full adder is presented in this paper. Also investigation of missing cell defect 
its characterization and finding the test vector to ascertain tolerant design of presented FA has been done. 
Minimum size, minimum cell count and faster design with minimum number of clock cycle is the main feature 
of the proposed design in comparison with other previous works. Hence, this structure can extensively be as 
the building block of QCA based circuits. 
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