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ABSTRACT

The non-invasive, contactless and label-free trapping and patterning of individual cells with acoustic tweezers is

a key technology to reliably analyze single cells and cell-cell interactions in biological applications. By using two-

dimensional standing surface acoustic waves (2DsSAW), the precise manipulation of the cells in a micro chamber

is primarily governed by the acoustic radiation force, which acts directly on the cells due to scattering effects of

the acoustic waves. However, a fluid flow of three-dimensional nature is concurrently induced acoustically, which

additionally influences the cell pattern by Stokes’ drag. In this study, we shed light on the complex acoustically

induced fluid flow forming in an acoustic tweezer by 3D3C velocity measurements using the astigmatism particle

tracking velocimetry (APTV). Vortex structures above the antinodes of the 2DsSAW field were revealed. The fluid

flow converge and diverge in the vicinity of the chamber bottom and ceiling, respectively. Hence, the fluid flow

influences the stable trapping locations of cells or particles in different ways depending on their height position,

which might explain the recently reported formation of various particle patterns at different height levels. Moreover,

the experimental findings are used to validate a three-dimensional numerical model. The numerical model provides

deep insights into the underlying acoustic fields responsible for the formation of the fluid flow and acoustic radiation

force. By combining the experimental and numerical results, a profound understanding of the physical mechanisms

for cell or particle trapping and patterning is established.

1. Introduction

By integrating standing surface acoustic waves into lab-on-a-chip devices, a systematic manipula-
tion of biological cells and micro particles is achieved. In so-called acoustic tweezers, the analysis
of single cells and cell-cell interactions was demonstrated by trapping and patterning individual
cells with a two-dimensional standing surface acoustic wave (2DsSAW) (Collins et al., 2015; Ding
et al., 2012; Guo et al., 2015). The stable three-dimensional trapping locations are primarily deter-
mined by the acoustic radiation force (ARF), which acts on suspended particles due to scattering
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