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Motivation 
1. A reversible block structure with a low quantum cost is 
conservative if the EXOR of the inputs and the EXOR of the 
outputs are equivalent. 
2. Quantum synthesis of the proposed block is performed using 
the Miller’s algorithm. 
3. Two non-resistant QCA reversible block and fault-tolerant  
reversible block structures are implemented in QCA technology. 
Afterward, fault-tolerant reversible ANG (Ahmadpour Navimpour 
Gate) is implemented by the 2DW clocking scheme.  Then, the 
proper function of the proposed structure is verified by a physical 
investigation. Furthermore, the power consumption of the 
suggested ANG block is assessed under different energy ranges 
(0.5Ek, 1Ek, and 1.5Ek). 
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Main idea 
1. Suggesting a reversible gate called ANG based on a worthwhile 

method like the Miller algorithm to emphasize low quantum cost.  

2. Proposing an ANG based on QCA technology with a low occupied 
area and low energy consumption. 

3. Suggesting an ANG using two non-resistant QCA ANG and fault-
tolerant reversible ANG structures in QCA technology focusing on 
low energy consumption. 

4. Verifying the proposed fault-tolerant ANG design using physical 
proofs. 

5. Investigating the proposed QCA designs in terms of the number 
of cells, clock cycles (latency), and area.  
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Method 
1. We used the Miller synthesis to calculate the 

proposed block’s optimal quantum cost.  
2. Steps were taken to implement the proposed block 

based on the Miller synthesis: 
• Stage 1: Identify TF2(P, Q); 
• Stage 2: Identify TF3(R, Q, P); 
• Stage 3: Identify TF2(P, Q); 
• Stage 4: Identify TF3(P, Q, R); 
• Stage 5: Identify TF3(P, R, Q); 
• Stage 6: Identify TF3(P, Q, R). 
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Major results 
1. Power consumption analysis of the suggested reversible 
gates 
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Major results (Cont’d) 
2. Evaluation of proposed QCA-based circuits cost 
indicates significant superiority. 
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Conclusions 

1. This paper first presented a conservative reversible gate 
called ANG. Then, the gate was used to develop two non-
resistant and fault-tolerant QCA layout structures 
implemented in QCA technology.  
2. Fault-tolerant QCA was implemented based on popular 
clocking 2DW. In addition, the proposed reversible ANG was 
validated through the Miller algorithm.  Front In
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Conclusions 
3. The simulations of circuits and their power consumption 
analysis were performed using QCADesigner 2.0.03 and 
QCAPro tools, respectively, and the power consumption of 
the suggested reversible ANG showed 4.19%, 6.74%, and 
8.52% improvement over the NFT design corresponding to 
three levels of 0.5Ek, 1.0Ek, and 1.5Ek, respectively. 
4. All three input Boolean functions to 13 standard functions 
of the proposed block showed that the suggested reversible 
block was superior to recent designs. 
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