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Motivation 
1. Nanotechnology has made a lot of progress in the field of integrated 
circuit fabrication. Many innovative methods and technologies have been 
engendered. The process of scaling down the feature size of transistors 
in standard complementary metal-oxide-semiconductor (CMOS) 
technology has become more arduous in the last few years. Deep sub-
micron undesirable responses in CMOS make alternative solutions more 
attractive. 

2. Quantum-dot cellular automata (QCA) is of great renown. The 
remarkable energy consumption compared to the standard CMOS is of 
great interest. The QCA’s superiorities are the operating speed at the 
order of THz, high device density, ultra-low energy dissipation, and 
considerable flexibility for scaling down the minimum cell size to the 
dimensions of atoms. 
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Motivation (Cont’d) 
3. A full adder is a rudimentary element of arithmetic systems. Designing 
an optimized full adder structure is essential for designing related 
intricate circuits because full adders are used extensively in larger 
circuits, such as multipliers. Also, adder and subtractor circuits with more 
entry bits need more full adder blocks in their structures. 
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Main idea 

1. The full adder is a digital arithmetic block with three input variables 
(A, B, Cin) and two outputs (Sum, Cout). 

2. A half subtractor can be constructed from a full adder if the second 
operand (second input’s digits) are inverted and the carry input is set to 1. 

Front In
form

 Technol E
lectro

n Eng



Main idea (Cont’d) 

3. We have proposed three different 1-bit full adder architectures. These 
structures are designed on a single layer. In these designs, no coplanar 
crossovers were used, and none of the cells were shifted (translated). 
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Proposed circuits 
Add/Sub circuit: The add/sub circuit is a combinational logic circuit 
that can sum or subtract two n-bit numbers by setting a value (0 or 1) 
for the selector pin. 
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Proposed circuits (Cont’d) 
4-bit ripple carry adder: The structure of the ripple carry adder is 
based on cascading multiple 1-bit full adders. So, an adder with a 
higher number of input bits will be acquired.  
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Proposed circuits (Cont’d) 
4-bit borrow subtractor: The structure base of the ripple borrow 
subtractor is the same as the ripple carry adder. A full adder block and 
a NOT gate are used to construct a subtractor 
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Proposed circuits (Cont’d) 
2-bit array multiplier: An array multiplier is a combinational logic 
circuit used for multiplying two binary numbers by employing an array 
of AND gates and adders. 
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Major results 

1. Simulation results of our proposed designs with QCA Designer-E 
version 2.2 
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Major results (Cont’d) 
2. Comparison results of our 1-bit full adders vs other designs 
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Conclusions 

1. In this research, several optimal 1-bit QCA full adders were 
presented. The proposed full adders are designed on a single layer with 
no rotated or shifted cells. 

2. One of our proposed 1-bit full adders is designed by mere 21 QCA 
cells with 0.5 clock cycle latency. The total occupied area and the 
energy dissipation are 0.01 μm2 and 2.06e−2 eV, respectively. 

3. Also, other relevant arithmetic circuits were designed, including 1-bit 
add/sub, 4-bit ripple carry adder, 4-bit ripple borrow subtractor, and 2-bit 
array multiplier. 

4. The scalable full adders are compared with the most recent ones, and 
the results indicate their superiority. 
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