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Nanoacoustic fields are a promising method for particle actuation at the nanoscale, though THz 

frequencies are typically required to create nanoscale wavelengths. In this work we demonstrate the 

generation of robust nanoscale force gradients using MHz driving frequencies via acoustic-structure 

interactions. A structured elastic layer at the interface between a microfluidic channel and a travelling 

surface acoustic wave (SAW) device results in sub-micron acoustic traps, each of which can trap 

individual sub-micron particles. The acoustically-driven deformation of nanocavities gives rise to 

time-averaged acoustic fields which direct suspended particles towards, and trap them within, the 

nanocavities. The use of SAWs permits massively multiplexed particle manipulation with 

deterministic patterning at the single-particle level. In this work, 300-nm-diameter particles are 

acoustically trapped in 500-nm-diameter cavities using travelling SAWs with wavelengths in the 

range of 20–80 μm with one particle per cavity. On-demand generation of nanoscale acoustic force 

gradients has wide application for nanoparticle manipulation, including bioparticle enrichment and 

enhanced catalytic reactions for industrial applications.  

 

Keywords:   Submicron particle manipulation; Acoustofluidics; Nanocavity; Surface Acoustic waves; 

Nanoacoustics 

 

1. Introduction 

The growing use of nanoparticles and sub-micron particles in various applications, including 

engineering 
1
, nanomaterial fabrication

2, 3
, biology

4, 5
 and medicine

6
, requires high-throughput particle 

manipulation for preparation, enrichment and quality control. For example, the size distribution of 

synthesized nanoparticle catalysts determines their catalysis efficiency
7, 8

. In biomedical applications, 

exosomes, which are sub-micron extracellular vesicles
9-11

 containing DNA, microRNAs and proteins, 

are a potential source of diagnostic biomarkers
12-15

. Suitable nanoparticle manipulation tools would 

enable size-based sorting/filtering, or manipulation towards downstream activities such as multiplexed 
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diagnostics, nanoelectronic/robotic constructions
16, 17

 and nanoparticle-based drug delivery systems
18

. 

Conventional particle separation techniques
19

 are  based on differential density and size, for example 

ultracentrifugation
20

, ultrafiltration
21

 and size exclusion chromatography
22

. Although impressive 

progress has been made in the last decade, many nanoparticle manipulation tools suffer from high 

cost, low throughput and specimen damage
23-25

. Scalable nano- and sub-micron particle patterning has 

thus traditionally relied on self-assembly methods
26

 or oligomer templating
27

 however, these are 

largely unable to produce deterministic single-nanoparticle positioning, they are irreversible, and they 

require specific reagents or lengthy processing
28-30

. Moreover, drug delivery systems which 

incorporate efficient nanoparticle concentration are creating new avenues for cancer treatment
31, 32

. 

There is, therefore, a pressing need to develop a fast, precise and scalable method for nano- and sub-

micron scale manipulation.  

Microfluidic devices have emerged as a viable platform for particle manipulation using magnetic
33

, 

optoelectronic
34

, plasmonic
35

, electrokinetic
36

 and hydrodynamic
37

 forces. Applying these principles at 

the nanoscale instead of the microscale, however, can result in far smaller force magnitudes, poor 

separation efficiency and channel clogging
38

. Furthermore, most of these manipulation methods are 

constrained by their dependence on particle polarizability, the need for low conductivity medium 

(which is often not biocompatible), and heating of the surrounding fluid. Optical tweezers
39, 40

 provide 

the highest degree of spatial resolution but they are usually applied in static fluids, owing to the 

relatively small forces that can be generated
41

, and only small numbers of nanoparticles can be 

manipulated at any one time (those within the field of a focused optical beam
42-44

). Acoustic fields 

have been widely used for micron-scale particle manipulation, employing either bulk acoustic waves 

(where a resonance mode of a rigid microchannel is excited) or surface acoustic waves (where an 

acoustic wave travels along the surface of a piezoelectric substrate and couples into an adjoining 

microchannel), to produce a non-zero time-averaged pressure field in the channel which affects an 

acoustic radiation force on suspended particles. Whilst acoustic nanoparticle manipulation has been 

demonstrated using MHz frequencies
45-48

, single nanoparticle positioning has not been demonstrated. 
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In an instance of acoustic nanoparticle manipulation, Raeymaekers et al.
49

 used bulk acoustic waves 

to position suspended diamond nanoparticles at the nodal positions of a standing bulk acoustic wave 

in a cylindrical reservoir. More recently, Tung et al.
50

 employed a viscoelastic layer enclosing air 

cavities above a bulk transducer to spatially modulate the acoustic wavefront amplitude and produce 

near-field potential wells to pattern microparticles and cells into clusters with 50 μm resolution.  

Although BAW-based devices generally enable handling larger fluid volumes and throughputs
51-53

, 

SAW devices are advantageous for precise micromanipulation since they can achieve higher 

frequencies
45, 54

, can readily localize the acoustic fields in specific regions
38, 55, 56

, and are a well-

established method for the precise spatial control of particles
57

.  Periodic patterns of suspended 

particles are typically formed using standing surface acoustic waves (SSAWs)
58-61

, though we recently 

demonstrated particle patterning using travelling SAWs via near-field interference patterns formed 

near channel boundaries and in-channel features
62-64

. The dissipation of acoustic energy in a liquid 

leads to acoustic streaming (a time-averaged motion of the bulk liquid), resulting in a dominance of 

viscous drag forces over acoustic radiation forces for particles below a critical size, which can prevent 

acoustic trapping
65, 66

. This critical particle size is frequency dependent, and has restricted the use of 

acoustic fields for manipulation of individual nanoscale objects, which would otherwise be useful in 

fields including sensing (plasmonic nanoparticles
67

), optics (micro-lenses
68

) and computation (circuits 

from sintered particles
69

). Nanoacoustic methodologies, specifically those involving acoustic field 

gradients at sub-micron scales, nevertheless present a promising avenue for nano and sub-micron 

particle manipulation, although their primary use has been imaging
70

 and nanoscale detection
71

 rather 

than actuation. 

In this work, we develop a novel acoustofluidic manipulation method to simultaneously direct 

millions of sub-micron particles into discrete, single particle traps. In doing so, we overcome the 

hitherto inseparable coupling between the applied acoustic wavelength and the length scale of the 

resulting force gradients. Microfluidic channels are used to contain a sub-micron particle solution atop 

an array of patterned nanocavities, beneath which is a travelling SAW device. Upon application of a 
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travelling SAW, nanocavity deformations are induced via oscillatory displacements of the underlying 

SAW device, which couple to the surrounding fluid to generate time-averaged pressure fields which 

direct suspended particles towards pressure minima via acoustic radiation forces, as illustrated in 

Figure 1. Travelling SAWs produce non-zero, time-averaged pressure fields which can direct particles 

in the direction of wave propagation
63, 72

 or towards local minima of a near field interference pattern. 

Here, however, the oscillating nanocavities give rise to local minima in the time-averaged pressure 

field within each nanocavity, to which suspended particles are directed by an acoustic radiation force. 

Utilizing SAW wavelengths between 20-80 µm, nanoscale acoustic gradients are generated in the 

vicinity of individual nanocavities, successfully trapping individual 300-nm-diameter particles inside 

500-nm-diameter cavities with the application of a travelling SAW.  

 

2. Material and Methods 

The nanoacoustic patterning device comprises three principle components: the SAW substrate, the 

nanopatterned polymeric layer and the microchannel. Supplementary Figure S1 (a) and (b) shows the 

complete acoustofluidic chip fabrication process and a photograph of the chip, respectively. The SAW 

substrate is 128° rotated Y-cut, X propagating lithium niobate (LiNbO3), patterned with interdigitated 

electrodes (IDTs) which were deposited via electron-beam evaporation of a 5-nm-thick chromium 

adhesion layer and a 100-nm-thick conductive gold layer. The number of electrode finger-pairs was 

calibrated to minimize the electrical impedance mismatch with a 50 Ω signal generation source, with 

30, 27, 18, 12 and 7 finger-pairs for 80, 40, 20, 10 and 5 µm SAW wavelengths, respectively, each 

with an 800-µm-wide IDT aperture. The corresponding applied frequencies were 49, 98, 196, 389, 

778 MHz. 

The nanocavities were formed by imprinting NOA73 (Norland Optical Adhesive, Norland Products, 

USA) directly on the SAW device using a mold made from polydimethylsiloxane (PDMS) and 

crosslinking by UV exposure (900 mJ/cm
2
 at 350 nm). The PDMS mold was patterned from a silicon 
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master as described previously
73

. Briefly, the silicon master template was attached to a casting jig 

enclosing a casting cavity into which PDMS (SYLGARD® 184, Aldrich) with an elastomer to 

crosslinker ratio of 10:1 was then poured, degassed and cured at 80°C for a minimum of 2 hours. The 

silicon master consisted a hexagonal array of 500-nm-diameter pillars with a 1 μm pitch. 

The PDMS microchannel was fabricated by soft-lithography using a silicon/SU8 master with channel 

features defined by photolithography. The channel height was 3.5 µm. The PDMS microchannel was 

bonded to the NOA73 nanocavity layer via silanisation of the PDMS using (3-aminopropyl) 

triethoxylsilane (APTES) functionalization
74

. Briefly, the PDMS microchannel was exposed to an air 

plasma (Harrick Plasma PDC-32G; 1000 mTorr, 18 W) for 50 seconds followed by immersion in an 

APTES (Aldrich, Singapore) solution for 5 minutes. The PDMS microchannel was then rinsed in 

water and dried before being aligned with the nanocavity layer under a stereomicroscope, with the 

microchannels aligned parallel to the IDT finger-pairs, after which the entire device was heated at 

150°C for 1 hour. The temperature was ramped at 2°C/min and a pressure of 0.35 N/cm
2
 was 

maintained to prevent debonding due to different thermal expansion coefficients. 

The particle trapping during the SAW “on” phase and release during the SAW “off” phase was 

monitored using a fluorescence microscope (CKX53 OLYMPUS, USA). A 0.1% w/v suspension of 

fluorescent polystyrene particles with diameter of 300 nm and coefficient of variation of 3% 

(Magsphere, USA) and surfactant (1% w/v, F-127) was injected into an array of 60-µm-wide, parallel 

microchannels spaced 40 µm apart. A particle diameter of 300 μm was the smallest that we could 

resolve with conventional fluorescence microscopy, meaning each 500-nm-diamter cavity 

accommodated only a single nanoparticle. The microchannels were filled at a flowrate of 1 μL/min 

using a syringe pump (KD Scientific, Holliston, MA). A high-frequency signal generator (Rigol 

DSG815, Beijing, China) and a broadband amplifier (qianmei Standard 1-930 MHz 2W RF 

Broadband Power Amplifier) were used to generate sinusoidal electrical signals (0.1 mW applied 

power). The morphology and thickness of the nanoimprinted NOA73 layer were measured using 

scanning electron microscopy (SEM; JEOL JSM-7600F). In order to visualize trapped particles within 
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the nanocavities, the PDMS channels were carefully peeled from the NOA73 layer immediately after 

exposure to the SAW, with the exposed NOA73 layer removed from the SAW device using a small 

metal chisel, transferred to conductive carbon tape and dried at room temperature overnight prior to 

SEM imaging.  

To understand the origin of the nanoacoustic patterning phenomena, we employed a 2D finite element 

model, illustrated in Supplementary Figure S2, in which the time-averaged pressure field, 〈 〉, in a 

liquid channel located on top of the nanocavity array was calculated. The nanocavity layer was 

modelled as a linear elastic material under conditions of plane strain with the parameters given in 

Table 1. The travelling SAW was applied via a velocity boundary condition with velocity     , 

where   is the displacement field of the travelling SAW
75

, given in the x (propagation) and y (surface 

normal) directions by:  

      [ 
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 *  (
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where   is ratio of displacement amplitudes in the x and y directions,  
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The wavenumber      ⁄ , W is the width of the liquid domain (centered at x = 0) and the SAW 

decay coefficient    is given by
75

 

   
    
     

    (3) 

where the subscripts l and s denote the liquid and substrate, respectively. We assume that the 

nanocavity layer will not significantly alter the attenuation of the travelling SAW, which is valid for 

layers that are acoustically thin (i.e.      ). The      terms were omitted in the frequency domain 
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study, where harmonic perturbations are assumed. The elastic deformation of the nanocavity layer 

was coupled to linear pressure waves in the liquid domain via the Helmholtz equation to calculate the 

time averaged pressure field, 〈 〉     √   , where the asterisk denotes complex conjugation.  This 

model was implemented in COMSOL Multiphysics v5.0 using the Solid Mechanics and 

Thermoacoustic Physics interfaces. A mesh convergence study was conducted, where the 

convergence, C, of parameter, g, was evaluated according to Devendran et al.
75

, with 

 ( )  √
∫(      )

 
    

∫(    )
 
    

  (4) 

 

The model converged at a mesh density of 12 elements per      (see Supplementary Figure S3).  

The acoustic radiation force,     , on a spherical particle with diameter       is given by
76

 

             , (5a) 

where the acoustic potential,     , is   
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 〉+. (5b) 

The monopole and dipole coefficients,   and   , are given by 

     
  

  
 (5c) 
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  (5d) 

where   ,    and   ,    are compressibility and density of particles and liquid, respectively. Values of 

   and    for our system were calculated to be 0.44 and 0.03, respectively. Given the relative 
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magnitude of the dipole coefficients, 〈  〉, was taken as a proxy measure of the acoustic radiation 

force. To quantify the ability of the device to convey sub-micron particles into the nanocavities, we 

evaluated the maximum trapping force,     ,  according to Equation 5 in the y direction between the 

top of the nanocavity,    , and      , the first inflection point of the pressure gradient, 

 〈  〉   ⁄ .; beyond hac the acoustic radiation force is not able to translate particles into the 

nanocavities.  

 

3. Results and Discussion 

Representative fluorescence micrographs in Figure 2 show 300-nm-diameter particles initially 

dispersed in a suspension, individually trapped within nanocavities upon the application of a 20-µm-

wavelength (196 MHz) travelling SAW and subsequently released with the cessation of SAW 

excitation. Particle migration from the bulk fluid into the nanocavities is also shown in Supplementary 

Video S1. The simulated pressure field, 〈  〉, taken as a proxy for the acoustic radiation force, is 

plotted in Figure 3(a), and shows acoustic pressure nodes within each nanocavity and the direction of 

the pressure gradient is indicated by arrows. The unique nanoscale pattern of the time-averaged 

pressure field arises from indirect coupling of the travelling SAW into the liquid channel via the 

deformable polymeric film; these deformations are examined in detail later. To evaluate the 

dependence of particle capture on the acoustic wavelength, we performed experiments and 

simulations for 10, 20, 40, and 80 μm wavelengths. Simulated pressure fields are given in Figure 3(b), 

which show distinct deformation modes at different acoustic wavelengths; for wavelengths     µm, 

particles will be directed towards pressure nodes within the nanocavities, whilst with a 10 μm 

wavelength the pressure gradient will repel particles from the nanocavities. In addition, we note that 

the pressure field is not uniform across the channel and is lower near the channel walls, meaning 

trapping will proceed faster in the channel centre than near the walls. These results are consistent with 

our experimental observations of sub-micron particle capture at different acoustic wavelengths (see 

Figure 4), where 5 and 10-μm-wavelengths do not generate appreciable particle trapping, in contrast 
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to the SAW wavelengths     µm. In Figure 4, the few empty nanocavities for SAW wavelengths 

    µm likely arose from the statistical nature of the trapping in which particles randomly filled the 

nanocavities according to their position in the flow.  

Whilst most nanocavities contain a pressure node, actually trapping a particle inside the cavity 

requires a pressure gradient that slopes towards the cavity, to direct a suspended particle from the bulk 

liquid into the cavity. To examine this trapping mechanism, we evaluated the acoustic radiation force, 

 , as a function of distance in the y direction from the top of the nanocavity (for the central 

nanocavity in the simulation domain). Example data are shown for    20 μm in Figure 5a. From this 

data we calculated two parameters to quantify the trapping ability of the nanocavities: the effective 

acoustic range,    , defined as the distance between the top of the nanocavity and the first inflection 

point of the acoustic radiation force, F, and the maximum acoustic radiation force,     , in the 

negative y direction (i.e. towards the nanocavity). These parameters were evaluated for the same 

nanocavity device perturbed by a travelling SAW with wavelengths,  , from 18 to 50 μm.  The 

effective acoustic range,    , and the maximum acoustic radiation force,     , are plotted as a 

function of   in Figure 5b and c. Although the effective acoustic range decreases nonlinearly with 

increasing  , indicating that shorter wavelengths (or higher applied frequencies) are preferable for 

particle capture,      shows well-defined maxima at discreate frequencies. The dependencies of 

effective trapping range and trapping force on acoustic wavelength fully support our experimental 

observations that particle trapping does not occur for 5 and 10-μm-wavelengths, is most prominent at 

a 20 μm wavelength and occurs more slowly at higher wavelengths, as evidenced in Supplementary 

Videos S1 and S2.  By examining the change in width of the central nanocavity,   ̃, as a function of λ 

(see Figure 5d) we see that the      maxima correspond to resonance modes of the nanocavities 

where the nanocavity oscillates in an expansion/contraction mode (see inset in Figure 5d), where: 

   ̃  
       

  
 , (7) 

and    is the unperturbed nanocavity width. 
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SEM images of nanocavities are given in Figure 6, showing both empty nanocavities before particle 

trapping and nanocavities populated with acoustically trapped particles. Incomplete nanocavity filling 

and particle fouling of the nanocavity layer is likely caused by particle release during sample 

handling, since the number of fouling particles corresponds to the number of empty nanocavities. 

 

We have presented a technique that decouples the wavelength of a travelling SAW from the length 

scale of the resulting pressure gradients (which give rise to acoustic radiation forces) by coupling the 

travelling SAW through an intermediate layer patterned with nanocavities. This offers distinct 

advantages over particle manipulation using surface acoustic waves (either travelling or standing 

wave) and bulk acoustic waves. Firstly, the location of trapped particles is determined entirely by the 

location of cavities in the removable nanocavity layer, and not by fixed parameters such as the 

acoustic wavelength, channel dimensions or location, size and shape of the channel features
77

. Also, 

the number of particles held in each location is determined by the ratio of cavity size to particle size, 

and not by the ratio of acoustic wavelength to particle size
78

. In this work, we chose a cavity to 

particle diameter ratio of 0.6, but ratios from 0.5–1 may also be suitable to capture a single particle 

per cavity.  

Whilst deterministic single-particle trapping has recently been demonstrated for 7–10-μm-diameter 

particles
60, 79-82

 and cells
54, 83, 84

 with acoustic wavelengths on the order of 20–30μm, this work 

represents an order-of-magnitude reduction in particle size and allows a level of control over 

nanocavity locations (thus trapped particles) that is not possible with SAWs alone. Furthermore, our 

work improves on recent reports of nanoparticle capture such as nanoparticle aggregates formed using 

BAWs
49

 and via interference patterns using air cavity waveguides
50

, by patterning particles at the 

single particle level.  

We anticipate this work will have application in areas where capture and analysis of individual nano-

specimens is of importance. For example, the optical examination of extracellular vesicles (exosomes, 

microvescicles and apototic bodies)
85

, may be facilitated by confining them in discrete points within 
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the 2D plane of a nanocavity array. Furthermore, our technique may be used to filter particles with 

diameters less than the cavity diameter, allowing deterministic size-based separation of, for example, 

extracellular vesicles which have different physiological functions at different sizes
86

. Other potential 

applications include particle concentration (without ultracentrifugation) and the formation of 

functional nano-patterned materials (i.e., catalytic particles and nucleation sites) when this patterning 

is combined with, for example, post-capture UV-curing in a resin pre-polymer solution. Whereas 

patterning at this scale for functional nanomaterials typically requires wetting and chemistry-based 

self-assembly techniques
87, 88

, a deterministic method for single-nanoparticle patterning such as the 

one introduced here affords a far more flexible approach for creating defined patterns. 

 

4. Conclusion 

Acoustofluidics has emerged as a promising tool for micromanipulation activities at the single-

particle level. Given the scaling of acoustic radiation forces and acoustic streaming velocities with 

increasing frequency, there are inherent difficulties in using nanoscale wavelengths for 

nanomanipulation. To circumvent this limitation, we have created nanoscale force gradients at 

microscale acoustic wavelengths by employing a nanostructured intermediate layer. The induced 

deformation of the nanocavities generates highly localized pressure gradients which drive sub-micron 

particle migration into nanocavities, as shown by finite element simulations and demonstrated in our 

experimental setups. These pressure gradients can overcome Brownian motion, lateral flow and 

acoustic streaming to trap particles within the nanocavities.  Numerical modelling reveals an optimum 

acoustic wavelength for rapid particle capture, corresponding to maximum deformations of the 

nanocavity itself, which was confirmed by experimental particle trapping at different acoustic 

wavelengths. Furthermore, both the effective acoustic range and the magnitude of the acoustic 

radiation force are wavelength dependent, with the latter exhibiting resonance modes corresponding to 

expansion/contraction deformation modes of the nanocavities. These resonance modes are likely to be 
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sub-harmonics of the nanocavity geometry and, as such, related to the mechanical and structural 

properties of the nanocavity layer. For the 500-nm-diameter nanocavities used here, the peak acoustic 

radiation force was obtained for a wavelength of 20 μm (corresponding to an applied frequency of 196 

MHz), for which the effective acoustic range was 1.3μm, or 38%, of the channel height. Whilst 

acoustic streaming may convey particles in the upper regions of the channel into the effective trapping 

region, the flow rate and acoustic aperture will limit the time particles are exposed to the acoustic 

field, thus we anticipate a channel height comparable with the effective trapping range will be crucial 

for rapid particle trapping.  

This work constitutes a scalable method for massively multiplexed and on-demand organising of 

individual sub-micron particles into discrete, single particle traps, with the potential for widespread 

application in sorting, patterning and size-selective capture of sub-micron and nanoscale objects. For 

instance, as a biomedical application, this approach may be applied in a size-based sorting of different 

sub-types of extracellular vesicles including exosomes (<300 nm), microvesicles (<1 m) and 

apoptotic bodies (>1 m). 
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Figures 

 

Figure 1. Acoustic nanocavity trapping concept. The acoustic trapping system is comprised of a 

nanocavity layer between a SAW device and a PDMS microchannel. With the application of a 

travelling wave SAW (SAW ON), nanoscale acoustic forces are generated that cause 

nanoparticle migration into nanocavities at the single-particle level.  

 

 

Figure 2. Acoustic trapping of 300-nm-diameter particles in acoustic nanocavities. (a) In the 

initial (SAW off) state, the particles are uniformly distributed throughout the microchannel. (b) 

With the application of SAW, nanoparticle capture is observed over a period of time (here 

showing 9 minutes after exposure). (c) Acoustically-trapped nanoparticles are released within a 

minute of discontinuing SAW excitation. The SAW wavelength and frequency are 20 μm and 

196 MHz, respectively. Scale bars are 10 μm and width of the inset in panel (b) is ~7 μm. 
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Figure 3. Plots of the square of the simulated time-averaged acoustic field, 〈  〉, in a 60-µm-

wide, 3.5-µm-high microchannel situated above a 1.5-µm-thick layer of NOA imprinted with 

500-nm-diameter cavities (gray). (a) 〈  〉 across the microchannel width, with the inset showing 

a close-up of the pressure field around the central nanocavity for a 20-µm-wavelength SAW. (b) 

〈  〉 around central nanocavities for 10, 40, and 80 µm SAW wavelengths. Arrows indicate the 

direction and magnitude (on a logarithmic scale) of the spatial gradient of 〈  〉 , which is 

proportional to the acoustic radiation force. 
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Figure 4. Fluorescence micrographs of 300-nm-diameter particles subject to a travelling SAW 

with wavelengths 5–80 μm with 500-nm-diameter cavities. Scale bars are 5 µm and the width of 

the insets is ~11 μm. 
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Figure 5. (a) Evaluation of the acoustic radiation force in the  -direction for 20 μm wavelength 

where     is the distance between the top of the nanocavity and the inflection point in the 

pressure field gradient (white dotted line shows the y-range where data is evaluated). (b) Plot of 

the effective acoustic trapping range in y from the top of the nanocavity as a function of SAW 

wavelength, defined as the height above the nanocavity of the inflection point in the gradient of 

the pressure field, 
 〈  〉

  
. (c) Plot of maximum trapping force,     , across the effective trapping 

range,    ;  peak values correspond with maximum changes in nanocavity diameter in (d) 

which is quantitative comparison of the relative change in nanocavity width (  ̃ is derived from 

equation 7) in response to a travelling SAW with wavelengths in the range 18–50 μm. Insets 

show simulated nanocavity deformation (scaled by 10
4
) for 20 μm SAW wavelengths. 
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Figure 6. SEM images of nanocavities. (a) The nanocavity layer is comprised of 

photopolymerized NOA73 with 500 nm cavities spaced 1 µm apart. (b) Post-capture showing 

300-nm-diameter particles individually trapped in single nanocavities.  

 

Table 1. Parameters used to simulate particle trapping in nanocavities. 

Channel width         

Channel height          

Acoustic wavelength         

Nanocavity width              

Nanocavity depth              

Particle diameter          

Particle density  ρp 1050 kg/m
3
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Partlcie compressibility  

 

kp 249 TPa
-1 

Modus of elasticity of NOA 
89

 

 

E ~11 MPa 

Density of NOA 
90

 ρ 1290 Kg/m
3
 

Sound speed in NOA cp 2000 ms
-1

 

Sound speed in water cl 1495 ms-
1
 

Density of water ρl 997 kg/m
3
 

Compressibility of water kl 448 TPa
-1 

SAW decay length Cd 2063 m
-1

 

SAW displacement amplitude 

 

δ0  0.05 nm 

SAW displacement amplitude ratio 
75

 

 

  0.86 
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Interaction between a MHz travelling surface acoustic wave (SAW) and an elastic nanocavity 

layer at the interface of a microfluidic channel generates acoustically-driven oscillations in 

the nanocavities. The resultant nanoscale acoustic pressure gradients along the height of these 

nanocavities permit massively multiplexed sub-micron particle trapping within the 

nanocavities at the single-particle level. 
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