
 25  DECEMBER 2012  OPTICS & PHOTONICS NEWS

Online Extra: Visit 
www.osa-opn.org 
to watch a video 
highlighting the 
“best of the best” of 
our Optics in 2012 
research findings.  

This special issue of 
Optics & Photonics News highlights 

the most exciting peer-reviewed optics 
research to have emerged over the past 12 

months. Our panel of editors reviewed close to 80 
submitted summaries from scientists all over the globe. 
They selected for publication the 30 stories that they felt 
most clearly communicated breakthroughs of interest to 
the optics community. Eleven of those have multimedia 
components that you can access at www.opnmagazine-

digital.com/opn/201212 or through our main web 
site, at www.osa-opn.org. Thanks to all who 

submitted summaries as well as to our 
panel of guest editors.

Optics in 2012

Artist’s interpretation of photophoretic 
light cages. (See Alpmann et al., p. 48.)  

Panel chair: Robert D. Guenther, Duke University, U.S.A.

Guest editors: Alex Fong, Gooch and Housego, U.S.A.; Yannick Lize, AppliedMicro, U.S.A.; James McGuire, 
NASA, U.S.A.; Alessandro Restelli, NIST, U.S.A., Yanina Shevchenko, Carleton University, Canada;  
Elena Silaeva, Rouen University, France
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Ubiquitous miniaturization requires an ever-
changing tool set for handling, controlling 

and manipulating on the micro- and nano-
scale. Light-based technologies like optical 
tweezers provide the contactless high-precision 
treatment needed for work done at these scales. 
Holographic optical tweezers (HOT) are used 
in hundreds of interdisciplinary applications, 
allowing researchers to move many dielectric 
particles and biological specimens in 3-D.

Classical optical tweezers con!ne matter in 
regions of high light intensity by counterbal-
ancing scattering and gradient forces. While 
they work best for transparent objects, the 
all-optical manipulation of absorbing particles 
remained a challenge. Their inherent absorp-
tion leads to a signi!cantly increased scattering 
force that prohibits a stable 3-D trapping.

To address this challenge, researchers pro-
posed a concept using photophoretic forces to 
enable a con!nement of absorbing matter in air.1 
The photophoretic force relies on light-induced 
thermal gradients and can be magnitudes larger 
than typical optical tweezer forces.2 Due to 
these thermal gradients, absorbing particles 
are repelled by regions of high light intensity 
and move towards lower light intensities. 
Consequently, the optimal light !eld for the 3-D 
con!nement of these particles is a light cage (or 
bottle beam) that consists of a void surrounded 
by regions of higher intensity.3,4 In the past, 
hollow light cages were realized by speckle 
!elds, moiré-techniques, diffractive optical 
elements or counter-propagating superposition 
of Laguerre-Gaussian beams. However, they 
lack the versatility, ef!ciency and "exibility 
that dynamic HOTs have.

We created multiple optical-bottle beams 
simultaneously and trapped absorbing particles 
in each one by using holographic phase-shaping 
techniques.5 As the bottle beams are realized 
with computer-generated holograms—displayed 

on a spatial light modulator—we can dynami-
cally reorganize the bottle beam con!guration 
and independently shift trapped particles 
without moving mechanical components.

We observed the 3-D con!nement with two 
perpendicular microscopes imaging the light 
scattered by the particles. The !gure shows 
the hollow intensity distributions employed 
in our system as well as the stable trapping of 
multiple absorbing graphite "akes.

Our concept is based on the convolution of 
a single bottle shape with a pattern of distinct 
trapping sites. Since it uses the output of the 
well-explored prism and lenses algorithm, 
our method is computationally ef!cient 
and can be adapted to many bottle shapes. 
Moreover, existing HOT setups are easily 
adaptable to control absorbing particles using 
this approach, which will pave the way to a 
universal HOT tool for many particles on the 
micro- and nano-scale. OPN
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(a) Numerical simulation of a bottle beam intensity distribution. (b) Normalized intensity 
distribution of an experimentally generated bottle beam. (c) Simultaneous trapping of 
absorbing particles in multiple bottle beams. A stack of contour plots visualizes the 3-D 
intensity distribution of three bottle beams, side views show the light scattered by par-
ticles trapped in this configuration. 
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Visit www.opnmagazine-digital.com to view 
the video that accompanies this article.

Dynamic Light Cages: Putting  
Absorbing Matter Behind Bars
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