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Fig. S1 For a fixed membrane thickness of 25 pum, the deformation curves at the maximum
deformation points for (a) cross-sections perpendicular to the direction of liquid flow and for (b)
cross-sections parallel to the direction of liquid flow under different pressures. Deformation
conditions at the maximum deformation points under different (¢) membrane thicknesses and (d)
membrane lengths. The microchannel deformation exhibits a linear response to applied pressure
up to 300 mbar, at which point the membrane contacts the channel bottom. Beyond this threshold,
further pressure increases progressively reduce the residual channel height on both sides.
Regarding membrane thickness, while thinner membranes offer higher deformability, they are
prone to collapse during fabrication. Conversely, thicker membranes require excessive actuation
pressure, increasing the risk of rupture. Consequently, a 25 um thickness was selected to balance
mechanical stability with operational feasibility. In terms of valve length, increasing the length
extends the uniform deflection region, thereby enhancing the pre-enrichment effect. However, a
length of 550 pm proved insufficient for effective pre-enrichment, whereas 1600 pm introduced
structural instability due to potential collapse. Therefore, the valve length was optimized to ensure

both efficient pre-enrichment and experimental stability.
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Fig. S2 (a) Calibration curve showing the relationship between the concentration of 150 nm
polystyrene nanoparticles and fluorescence intensity. Scale bar, 100 um. (b) Enrichment images
and enrichment factors of nanoparticles at different concentrations. Scale bar, 50 um. The inlet
flow rate was set to 0.9 uL min™!, the collection outlet flow rate was -0.3 uL min-!, and the waste
outlet flow rate was -0.6 uL min!' (the negative sign indicates the pump is in suction mode). At
nanoparticle concentrations of 1, 0.5, and 0.25 x 10!! particles mL-!, the enrichment factors were
2.18, 2.35, and 2.38, respectively. “ON” and “OFF” refer to the BAW device power. (c¢)

Comparison of the recovery efficiency (Re) of 150 nm nanoparticles under non-squeezed and

squeezed conditions.
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Fig. S3 (a) Fluorescence images of enriching and releasing 100 nm and 50 nm particles with an

inlet flow rate of 0.6 uL min-! under squeezed microchannel. Scale bar, 50 um. (b) Image intensity

analysis of the region of interest (ROI). Scale bar, 50 um.



Table S1 Comparison of different nanoparticle manipulation techniques

Recovery
Limiting
Method efficiency Throughput Advantages Disadvantages
size
(%)
Ultracentrifugation'>? 50 nm 2-80 3-12h Capability for large Expensive; Time-
sample volumes consuming
Ultrafiltration'? 200 nm 10-80 0.5-3h Portable; Simple operation  Clogging; Particle
damage
Viscoelastic 20 nm - - Relatively simple channel Dependence on
Microfluidics? geometry; Down to 20 nm  polymer additives;
Low throughput
Dielectrophoretic 50 nm - ~30 min High selectivity Particle damage;
Microfluidics* Requirement for
specific buffers
DLD Microfluidics® 110 nm - 0.1-0.2 nL min"! Deterministic separation Clogging; Complex
trajectories; High nanofabrication.
resolution
TSGA 50 nm 79 0.6-3 uL min! Dynamic "on-demand" Requirement for
(this work) tunability; Continuous external pressure;

flow operation; High

purity; Biocompatibility

Relative low

throughput
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