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he parallel assembly of minute

components with sizes in the range of
1-100 pm remains to be an exciting sci-
entific challenge within micro-mechanics.
Research into real-time, massively parallel
and three-dimensional micro-assem-
bly schemes may lead to revolutionary
developments of new and reconfigurable
micro-opto-electromechanical-systems.

In particular, micro-assembly done
within a liquid environment seems at-
tractive to pursue, due to the fact that the
undesirable effects of van der Waals and
surface interactions can be kept at a mini-
mum. Most contemporary techniques for
micro-integration of submerged com-
ponents rely on self-assembly schemes.
However, micro-scale self-assembly in
liquid has some constraints, such as the
trade-off between how accurate micro-el-
ements can be positioned to receptor sites
and the yield or efficiency of the overall
process.

To overcome this, the sample must
go through a few re-circulations, and the
template may require some mechanical
agitation. To improve positioning accu-
racy of micro-components on a template,
one may apply suitable matching of the
geometrical shapes of the building blocks
with their receptor sites.

Real-time reconfigurable arrays of a
plurality of interactive optical traps are
perhaps a more attractive alternative that
can enable precise assembly of freely sus-
pended microstructures. Multiple optical
traps are capable of holding, positioning
and rotating a plurality of mesoscopic
objects in 3D.! In the past year, we have
demonstrated the first all-optical, directed
micro-assembly scheme.? We did this by
tiling a plurality of microscopic structural
elements on a planar substrate using real-
time reconfigurable optical traps from a
variant of the parallel optical manipula-
tion schemes on which we have previ-
ously reported.>4
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The number of optical traps, their
intensity profiles and spatial locations
were all controlled either interactively or
in an automated way using an advanced
computer interface. Under computer-au-
tomated control, the system demonstrat-
ed the capability for fully autonomous
search-and-collect routines without the
need for any user-intervention.’

Our experimental demonstrations
showed that optical traps of a few
milli-watts can achieve good positional
and rotational control of the assembled
micro-structures. Efficient tiling also
benefited from applying shape comple-
mentarity among the micro-puzzle pieces
that have identical geometrical shapes
and in-plane rotational symmetry. Finally,
the puzzle pieces had an elongated aspect
ratio so that the orientations were conve-
niently determined by an image analysis

subroutine; this made it easy to orient

the projected elongated optical traps. The
micro-fabrication of the puzzle pieces was
achieved by a standard femtosecond laser
two-photon polymerization technique. 4
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(Top) Micro-scale tessellation of 16 micro-puzzle pieces optically assembled in a parallel
manner into a 4 x 4 tiling arrangement. Once assembled, all elements remain intact in

the whole structure, which can also be displaced and rotated by the interactive group of
optical traps. (Bottom) Computer-automated “hunt-and-collect” demonstration for joining
micro-puzzle pieces. The dashed rectangle highlights the detection area, where incom-
ing pieces from the left are automatically detected. Once detected, trapping beams with
appropriate orientations and target trajectories are subsequently created.




