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I  Introduction 
Merging optics and microfluidics, optofluidics is a 

broad and fertile research area. [1] More especially, 
tremendous efforts have been recently made to explore 
new possibilities offered by photonic and plasmonic 
nanostructures for lab-on-chips applications. Aiming at 
developing on-chip optical tweezers, the study of near-
field optical forces appears as a research topic of 
particular interest. [2] Near-field optical forces arise from 
evanescent electromagnetic fields, such as in the near-
field of photonic nanostructures where light is highly 
confined. These contactless forces can thus be 
advantageously used for on-chip optical trapping and 
manipulation of micro- and nano-objects. [2-4] In this 
work, we investigate near-field optical trapping using 
silicon photonic crystal nanocavities such as the one 
shown in Figure 1. Our results lead us to envisage and 
demonstrate various applications for photonic tweezers, 
from photonics to biology and lab-on-chips. 
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II  Trapping potential at the surface of 
a photonic nanocavity 

1.  Particle’s size influence 
At first, we study near-field optical forces arising from 

the resonant electromagnetic mode of a quasi-1D 
photonic crystal nanocavity, as represented in Figure 1. 
[5] Contrary to standard far-field optical traps with 
Gaussian intensity distribution, photonic cavity resonant 
modes have more complex electromagnetic field intensity 
distribution. As it can be seen in Figure 2, the cavity used 
in this work enables to concentrate electromagnetic 
energy in a resonant mode with two main anti-nodes 
located in the central part of the cavity. These two 
intensity maxima are separated by a distance of 300 nm. 

 

 
Figure 1. SEM image of a photonic nanocavity. 
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Abstract 
Near-field optical forces arise from evanescent electromagnetic fields and can be advantageously used for on-chip 

optical trapping. In this work, we investigate how evanescent fields at the surface of photonic cavities can efficiently trap 
micro-objects such as polystyrene particles and bacteria. We study first the influence of trapped particle’s size on the 
trapping potential and introduce an original optofluidic near-field optical microscopy technique. Then we analyze the 
rotational motion of trapped clusters of microparticles and investigate their possible use as microfluidic micro-tools such 
as integrated micro-flow vane. Eventually, we demonstrate efficient on-chip optical trapping of various kinds of bacteria. 
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In order to investigate the influence of these 
subwavelength nano-patterns on the trapping potential 
experienced by trapped particles, we recorded and 
analyzed the thermal motion of trapped fluorescent 
polystyrene particles respectively 2 µm, 1 µm, and 500 
nm in diameter. [6] Experimental trapping potential maps 
obtained from 2D histograms of trapped particles’ 
successive positions reveal the existence of two different 
trapping regimes. While 2 µm beads are found to 
experience an “average” trapping regime, characterized 
by a single potential well located above the center of the 
cavity, 500 nm are independently attracted by each one of 
the two intensity maxima. This second trapping regime is 
referred as “proportional” since the trapping potential 
tends to be directly proportional to the field intensity 
distribution, as described by the Rayleigh approximation. 
The transition from one regime to the other is made 
clearer by the trapping potential of 1 µm beads, which are 
found to experience both trapping regimes. 

 
Figure 2. Numerical simulation of the cavity resonant 
mode’s field intensity distribution obtained by 3D 
FDTD, along with superimposed scaled 
representations of microbeads and near-field intensity 
profile. 

2.  Optofluidic near-field optical microscopy 
This transition from the “average” regime towards the 

“proportional” regime interestingly occurs for 
unexpectedly large microbead’s sizes, corresponding to 
bead diameters about three times larger than the inter-trap 
distance. This makes it possible to reveal light distribution 
nano-patterns through the experimental observation of 
fluorescent microbeads’ trapping potential. [6] Trapped 
beads can thus be considered as Brownian probes, and 
tracking their motion can be seen as an original way to 
image optical near-fields. The Figure 3 shows the near-
field image of two coupled photonic nanocavities (even 

resonant mode). Some of the main advantages of this 
original optofluidic near-field optical microscopy 
technique lie in the fact that it can be easily implemented 
in standard optical microscope setups, and being based on 
a self-driven process, it does not require any electronic 
feedback system. 

 
Figure 3. 2D histogram of the successive positions of a 
500 nm particle trapped by two coupled nanocavities. 

III  Trapping of non-spherical objects for lab-on-
chips applications 

1.  Microparticle clusters 
In the case of non-spherical object, optomechanical 

interactions between the nanocavity’s optical near-field 
and the trapped object become more complex. We 
analyze here the trapping of clusters made of aggregated 
polystyrene microparticles. It is found that the much 
localized action of the photonic tweezers allow to trap 
only part of the trapped clusters. In the case of a dimer 
composed of particles respectively 1 and 2 µm in 
diameter, only the smallest one is trapped at the surface of 
the cavity. [7] It then acts as a spherical handle, making it 
possible for the dimer to rotate around this fixed point. 
While the Brownian rotation of the dimer is first observed 
without any fluid flow, we demonstrate the ability of the 
trapped dimer to orientate along the flow direction inside 
a microfluidic channel. The system acts as a micro-flow 
vane for flow velocities about a few micrometers per 
second. 

 We also report on the trapping of a trimer composed of 
an additional 1 µm bead. In this case, both 1 µm beads are 
observed to be trapped side by side above the cavity. The 
rotational motion of the system is thus constrained in a 
plane perpendicular to the cavity axis, as shown in  
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Figure 4. This basic demonstration evidences the fine 
mechanical control over optically trapped micro-tools that 
can be achieved by carefully designing and matching the 
shape of the trapped object with the field intensity 
distribution of on-chip optical traps. 

 
Figure 4. Vertical rotation of a trapped trimer 
composed of two 1 µm beads and one 2 µm bead. 

2.  Bacteria 
On-chip optical trapping of microscale objects is of 

particular interest for bacteriological applications in lab-
on-chips. We demonstrate here the trapping of three kinds 
of bacteria shown in Figure 5: Staphylococcus 
epidermidis (aggregated as diplococcus), Escherichia 
coli, and Bacillus subtilis aggregates. [8] It is found that 
the trapping efficiency varies depending on the bacteria 
shape. While B. subtilis bacteria (long rode shape) are still 
experiencing some non-negligible translational motion 
above the cavity, stable trapping is achieved in the case of 
S. epidermidis bacteria (spherical shape, or dimer shape) 
and E. coli bacteria (short rode shape). This result can be 
explained by the better matching between the bacteria 
shape and the field intensity distribution at the surface of 
the cavity. Moreover, elongated bacteria are observed to 
orientate preferentially along the cavity axis. 

 
Figure 5.SEM image of (C1) S. epidermidis, (C2) E. 
coli, and (C3) B. subtilis bacteria. 

As a demonstration, a single E. coli bacterium cell was 
efficiently trapped for more than one hour. Moreover, the 
trapped bacterium cell was released and re-trapped 
several times, as it can be seen in Figure 6. These results 
evidence the high suitability of photonic tweezers for on-
chip bacteriological studies. 

 
Figure 6. Time evolution of the intensity of the signal 
transmitted by the nanocavity during single- cell 
bacterium trapping experiment. When the laser source 
is turned off, the bacterium is released from the trap. 
After turning on again the laser source, the bacterium 
cell is trapped again a few seconds later. 

IV  Conclusion 
In this work, we have investigated how evanescent 

fields at the surface of photonic crystal nanocavities can 
efficiently trap micro-objects such as polystyrene particles 
and bacteria. More especially, we have studied the 
trapping potential experienced by trapped microbeads of 
different sizes. We have also studied the optical trapping 
of non-spherical objects, such as microparticle clusters 
and bacteria. This work has led to several practical 
applications such as on-chip optical assembly of a micro 
flow vane, on-chip optical trapping of different kinds of 
single-cell bacteria, and the introduction of an original 
optofluidic near-field optical microscopy technique. 
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