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Cell i ion by using d d micro-particles as handles for laser tweezers
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Summary
In the early 1970s Ashkin and his coworkers pioneercd the optical trapping of smaller
dielectric particles with laser beams). Laser optical traps or optical tweezers have then found

wide applications in various fields including acoustics, hiology, b dicine, and microchemistry.
Optical tweezers are directly used to micr ip cells and int Jlular or fles, or by
coating beads with materials like myosin, optical tweezers are used to control the moving of
beads which are treated as handles for cell ipulations. Due to the i pic or symmetric

properties of ceils or beads, cell rotational control is hardly achieved in a laser optical traps. In
this presentation we will demonstrate the cell manipulation, including not only the linear
translations but also rotations, by using irregular-shaped diamond particles as handles for optical
tweezers.

The light source for the laser tweezers is a fundamental Gaussian mode Ti:sapphire laser
with linear polarization at a wavelength of 790 nm, The laser beam was strongly focused by a
microscope abjective lens (Leitz PLAN S0X, NA (.6) onto the micro-objects. We adopted {5-
25 um synthetic monocerystalline diamond micro-particles manufactured for lapping and
polishing applications as our ipulation handles. Due to its shape asymmetry?, we can easily
observe 360 degree rotation as a results of non-zero net torque contributed from the forces at
each surfaces. By vertically moving the laser focal plane inside the diamond micro-particles, we
can change the net torque induced by the optical forces so as to control the rotational speeds,
rotation directions, or even stop the rotations of the particles. Linear movements of the diamond
particles can also be easily achieved by maving the laser beam horizontally. We coated the
irregular-shaped diamond micro-particles with poly-L-lysine as handles for cell manipuiations.
Figure 1 shows the rotational movement of biol 1 cells by using di d micro-particles as
handles for faser tweezers. We have used mesophyll protoplasts from Arabidopsis thaliana for
demonstration. [ndependent movements of linear translations and controllable rotations can be
easily achieved, indicating the potential application of irrelagur-shaped particles for the micro-
manipulation of biological cells.
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Figure 1. fron
diamond particles as mampulnuon handl:s Thc bnglu spo( is the fuc\n:cd laser beam.

Terabit/s parallel optical connections to silicon CMOS chips:
lessons learned from the SPOEC technology demonstrator
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‘Theoretical estimates suggest that the physical limit on electrical data communication rates between
silicon chips is of the order of a few Tbit/s for connection lengths of over ~ 100 mm [I]. The
semiconductor industry predicts that this level of input-output is likely to be required in the next ten years
{2]. Free-space optical connections to silicon VLSI potentially offer much higher data-rates than
electrical interconnects and are promising for future high-performance electronic systems.

We have the of an 1 ic 16 Gbit/s crossbar switch [3] designed to
include, internally, an optical data rate to a hyhrld InGaAs/silicon chip in the Thit/s regime. Input to the
demonstrator is by an 8 x 8 VCSEL array (4] operating at 250 Mbit/s/channel. These 64 channels are
fanned out 8 x § times, using diffractive optics, to give the high overall data rate (Thit/s) onto the hybrid
switching chip. This chip includes an array of 4096 InGaAs-based p-i-n detectors solder-bump bonded to
silicon CMOS. The detectors connect directly to a hing armay of ph i distributed
across the silicon chip. The custom-desigaed 0.6 pm CMOS performs packet routing of the i mcommg
data, under the control of an optically-distributed clock, and the routed signals are output optically via
differential modulator pairs, laced between the d: on the InGaAs chip. Tests of the assembled
optical system show the required performance. Initial results from full-system experiments will be
presented.

For the large photocurrent receiver array exploited in this technol (4096 in total) the
overall power consumed is about 10 watts. Scaling calculations [S], taking into accouat the expected
advances in VLSI technelogy, show that future 0.1 pm technology should permit arrays of simifar
receivers to dissipate as little as 0.3 W/(Tbit/s). Combined with high: VCSEL or modul
transmitters, this approach offers a high efficiency interconnect technology capable of avoiding the
limitations imposed by electrical chip-to-chip connections.

This project is funded by the European Union under the ESPRIT p ive scheme: Microel
Advanced Rescarch Initiative (MEL-ARI) Opto-Cluster as project "bPOEC" MNo.22668. The essential
contributions of the many researchers that make up the SPOEC team arc gratefully acknowledged.
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