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Microgripper powered by
lightis small but mighty

Leander Siegle & Harald Giessen

A microscale gripper that can be opened and closed using
light canfitinto tight spaces and perform tasks linked to

clinical applications.

From assembling microdevices to probing
single cells, the ability to manipulate
matter at the microscale is essential across
biology, medicine and microengineering.
Yet researchers have faced a persistent
trade-off: optical tweezers, which use light
beams to manipulate objects, offer exquisite
precision but are limited to very small forces,
whereas mechanical microgrippers provide
strength but lack finesse and are challenging
to miniaturize. Writing in Nature, Pan et al.!
report a striking solution: a 3D mechanical
microgripper that is operated using light
signals from an opticalfibre.

At the heart of the challenge addressed by
Pan and colleagues lies a trade-off between
scales andforces. Optical tweezers manipulate
objectsusingtightly focused light beams and
they can exert piconewton-scale forces with
incredibly high precision. This makes them
ideal for manipulating molecules or heavier,
regularly shaped, transparent particles, but
many of the targets of microscale manip-
ulation do not meet these requirements.
Conventional grippers for manipulating
microscale objects, which canbe driven pneu-
matically, magnetically or mechanically, can
exert much-greater forces, but these devices
generally have millimetre-scale dimensions
and complex external control systems
that limit their use in confined or delicate
environments.

Researchers have been interested in
combining the desirable features of opti-
cal tweezers and mechanical grippers by
developing mechanical microgrippers that
respond to signals from an optical fibre.
However, previous microgripper designs,
whether mechanical- or optical-fibre-based,
have generally been limited by some com-
bination of poor dexterity, low force output
and slow response times. These approaches

have included rolled-up metallic strips that
unrollwhen heated by light fromoptical fibre?,
piston-operated grippers®and systems driven
by temperatures of up to 70 °C (ref. 4), which
is detrimental to biological cells.

Pan and colleagues overcame these
limitations by embracingabio-inspired design.
Their device —a3D opticalfibre gripper (OFG)
—mimics the functional triad of nerve, muscle
andskeleton. The optical fibre, which delivers
light, acts like anerve; aheat-responsive hydro-
gel containing silver nanoparticles acts like a
muscle; and rigid polymer microclaws formthe
skeleton that grips objects. This conceptual
frameworkis more thanananalogy —itenables
fastsignal transmissionand mechanical forces
that are much larger than those that can be
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achieved using optical tweezers.

Fabricated directly onto the tip of a
commercial optical fibre using a 3D printing
technique called two-photon polymerization,
the OFG measures just 38 x 38 x 61 micro-
metres (um), whichis many times smaller than
most existing fibre-integrated microgrippers.

The gripping mechanism is elegantly
simple: near-infrared light is transmitted
through the optical fibre and directed at the
hydrogel, in which silver nanoparticles are
embedded. Theinteractionbetween the light
and the nanoparticles generates heat, and this
causes the hydrogel to contract rapidly. This
contraction drives the opening of the micro-
claw. Turning off the light, which relaxes the
hydrogel, returns the microclaw to a closed
state (Fig.1).

The shape of the hydrogel, on which the
stiff prongs of the claw are attached, was
carefully designed to enable effective open-
ing and closing, and to achieve the desired
gripping force. The result was an externally
controlled, reversible gripper that uses a
small semiconductor laser rather than bulky
external hardware.

Whatsets thiswork apartis the performance
ofthe gripper. The authors show that the OFG
hasaresponse time of just 77 milliseconds and
can open and close when driven at frequen-
ciesupto5hertz, whichissubstantially faster
than previous approaches that used optical
fibres. More strikingly, it delivers forcesin the
micronewton (UN) range, with a force-to-mass
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Figure 1| Mechanical microgripper operated using light signals. Microscale manipulation of objects can
be accomplished using optical tweezers, which can achieve high precision but have a limited force output.
Mechanical grippers can exert larger forces but can be bulky and have limited dexterity. a, Pan et al.' report
amicrogripper in which mechanical claws are controlled using light. The microclaws are attached to a heat-
responsive hydrogel that has silver nanoparticles embedded in it and is connected to an optical fibre. Laser
light travels along the optical fibre and into the hydrogel, where it heats the nanoparticles. b, This causes the
hydrogel to contract, which opens the microclaws. The authors demonstrated that the microgripper can
manipulate a range of objects, including copper wires, single cells and silicon carbide fragments. It was also
able to assemble microdevices and extract samples from rabbit bile ducts.
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ratio of 340 pN per milligram — which is
more than ten times higher than comparable
optical-fibre mechanical grippers. This
combination of speed, strength and miniaturi-
zationfills the gap that has existed between the
capabilities of optical- and mechanical-based
tools for microscale manipulation.

The potential impact of this device was
demonstrated through a series of compelling
experiments. Unlike conventional optical
tweezers, the OFG can reliably grasp and
manipulate particles that have a wide range
of optical properties and geometries. The
authors demonstrated controlled handling
of aluminaspheres, silicon carbide fragments
and complex microstructures, highlighting
the versatility of mechanical gripping over
optical trapping. Moreover, the device could
manipulate objects in three dimensions with
micrometre precision.

Also impressive is the OFG’s ability to
handle objects that are much larger than
itself. In one demonstration, the device
lifted a 20-centimetre-long copper wire — an
astonishing feat given its microscopic size
— corresponding to a pulling force of about
4.9 pN. This underscores the advantage of
combining the compliant hydrogel with the
mechanically robust polymer claws.

The OFG also opens avenues in microscale
assembly. The authors demonstrated that their
device could construct complex microdevices,
including bearings and gearboxes, by grasping
and positioning individual components. This
couldbe transformative for building miniatur-
ized photonic devices on silicon chips, or for
microelectromechanical systems, which com-
bineelectricaland mechanical components at
the microscale. The challenge of assembling
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intricate structures remains a bottleneck for
both of these applications.

Equally noteworthy was the device’s
performance in biological contexts. The
authors demonstrated that the OFG can
capture, transport and release individual
human cervical-cancer cells, without com-
promising their viability. The cells that
were manipulated using the device retained
normal morphology and division behaviour.
This finding opens the door to applications
for the device in single-cell analysis, tissue
engineering and mechanobiology, for which
precise, non-destructive handlingis essential.

The small size of the OFG also enables
access to environments that were previously
unreachable with mechanical grippers. The
authors operated the device inside glass
capillaries that had an inner diameter of just
300 pm and could extract samples from bile
ducts that had been excised from rabbits,
highlighting potential clinical applications.
Compared with conventional biopsy tools,
which are millimetres in diameter, the OFG
could belessinvasive and offer unprecedented
spatial precision.

Despite these advances, challenges remain.
Fabricating the hydrogel and polymer claws
using two-photon polymerization means
that the two components would generally
be printed sequentially, which could limit
scalability. The integration of sensing, feed-
back and automation into the device will be
crucial for translating this technology into
practical tools. Furthermore, long-term
stability and biocompatibility in vivo will
need to be evaluated carefully before the
microgripper can be used in clinical settings.

Nevertheless, the conceptual advance is

clear. By combining light-induced thermal
activationand mechanical grippinginasingle
fibre-integrated platform, Pan et al. redefine
what is possible with micromanipulation.
Their work could herald a future in which
miniature, remote-controlled tools can
operate with precision deep inside complex
environments — assembling devices, probing
cellsoreven performing microsurgery. Optical
fibres are already used in endoscopes - long,
thin tubes with optical sensors that canimage
hard-to-reach spaces inside the body. It will
be interesting to see whether optically acti-
vated microgrippers and fibre-based endo-
scopes with 3D-printed micro-optics® can be
combined in asingle device.

Rather than choosing between precision
and strength, the OFG achieves both. As such
systems continue to evolve, they might not
only replace existing techniques such as opti-
caltweezers, but also expand the boundaries
of what can be manipulated at the micro-and
nanoscale.
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