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Abstract: To address the bottleneck of simultaneously achieving high-speed motion and large-volume
droplet manipulation in surface acoustic wave (SAW) -driven droplet technology, this study proposes a

novel interdigital electrode structure and enhances acoustic streaming forces through optimization of elec-
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trode geometric parameters, thereby significantly improving energy coupling efficiency. The experimental
results demonstrate that, during the driving process of droplets with identical volume, the proposed struc-
ture achieves driving speed increases of 185% - 195% and 33% - 37%, respectively, compared to con-
ventional straight and focused interdigital electrodes. The reduced speed fluctuation range indicates signifi-
cantly improved stability. At a working frequency of 19. 2 MHz, the successful actuation of a 10 pl. drop-
let was achieved, with a velocity ranging from 24.04 to 24.92 mm/s, demonstrating a relatively high
speed. Furthermore, a dual-droplet fusion experiment was designed to verify the effectiveness of this
structure in enabling active droplet approach, interfacial fusion, and stable post-fusion transport, thereby
providing technical support manipulation of large-volume droplets under high flow rates and establishes a
foundation for applications such as the construction of droplet-scale microreactors and the sequential con-
trol of multi-step biochemical reactions, thereby effectively advancing the practical implementation of
acoustic microfluidic technology in the fields of biosensing and material synthesis. Traditional electrodes
cannot meet both demands simultaneously. This paper takes the surface acoustic wave-driven droplet sys-
tem as the research object, establishes a sound streaming force model of the interdigital electrode structure
based on acoustic theory, and proposes a novel interdigital electrode structure with the goal of simultane-
ously achieving high-speed motion and large-volume droplet manipulation. However, existing studies
have not yet achieved precise manipulation of droplets in three-dimensional space, and the driving effi-
ciency of liquids with different viscosities such as blood and tissue fluid has not been studied. Further
exploration of fluids with different dimensions and viscosities is needed to ensure the application of large-
volume droplets in a wider range of fields.
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Fig.1 Schematic diagram of high-speed droplet driving principle
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driven droplets
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surface acoustic waves at time points of 0, 30, 60, 90, and 120 ms
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