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Abstract:

Given the growing importance of biomolecular-scale processing, digital microfluidic
technology has emerged as an efficient platform for implementing DNA-based logic
circuits. In this work, we propose a novel binary full-adder architecture designed to
minimize the number of DNA strands and to reduce fabrication and execution costs.
The proposed structure was first modeled and evaluated in the Visual DSD
simulation environment, and then mapped onto a custom-designed digital
microfluidic biochip (DMFB) with a 15x20 electrode array. By employing time-
scheduled modules for droplet splitting, mixing, and detection, the designed chip is
capable of performing the complete computational operation within the minimum
possible number of operational cycles. Simulation results confirm that the generated
outputs fully match the expected logical behavior. Comparisons with existing
approaches show that the proposed architecture achieves a significant reduction in
the number of required DNA strands while maintaining computational accuracy.
Specifically, the proposed full adder operates using only 15 DNA strands, whereas
Seesaw- and DNA origami-based methods require 9n+53and 6n+15strands,
respectively, for ninputs. In addition, the proposed DMFB mapping completes the
addition process in only six operational cycles, resulting in a substantial reduction in
latency compared with existing architectures, which typically require 10-14 cycles.
These results highlight the potential of the proposed approach as an effective step
toward the convergence of biological sciences and computational engineering, and its
applicability in the development of intelligent bio-computing systems and lab-on-a-
chip technologies.

Keywords: Full Adder, Digital Microfluidics, Intelligent Bio-Systems, DNA-Based
Computing, Bio-Inspired Architecture.
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