Directing Light Emission from Quantum Dots
Harald Giessen, et al.

Science 329, 910 (2010);

DOI: 10.1126/science.1194352

AVAAAS

This copy is for your personal, non-commercial use only.

If you wish to distribute this article to others, you can order high-quality copies for your
colleagues, clients, or customers by clicking here.

Permission to republish or repurpose articles or portions of articles can be obtained by
following the guidelines here.

The following resources related to this article are available online at
www.sciencemag.org (this infomation is current as of November 17, 2011 ):

Updated information and services, including high-resolution figures, can be found in the online
version of this article at:
http://www.sciencemag.org/content/329/5994/910.full.html

A list of selected additional articles on the Science Web sites related to this article can be
found at:
http://lwww.sciencemag.org/content/329/5994/910.full.html#related

This article cites 10 articles, 2 of which can be accessed free:
http://www.sciencemag.org/content/329/5994/910.full. html#ref-list-1

This article appears in the following subject collections:
Physics, Applied
http://www.sciencemag.org/cgi/collection/app_physics

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the
American Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. Copyright
2010 by the American Association for the Advancement of Science; all rights reserved. The title Science is a
registered trademark of AAAS.

Downloaded from www.sciencemag.org on November 17, 2011


http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/about/permissions.dtl
http://www.sciencemag.org/content/329/5994/910.full.html
http://www.sciencemag.org/content/329/5994/910.full.html#related
http://www.sciencemag.org/content/329/5994/910.full.html#ref-list-1
http://www.sciencemag.org/cgi/collection/app_physics
http://www.sciencemag.org/

PERSPECTIVES

910

nuclear migration defects caused by reducing
nesprin2 expression (by siRNA) could be res-
cued by a “mini” nesprin2 gene that includes
the actin-binding and nuclear envelope—
targeting domains but lacks the bulk of the
spectrin repeats. This suggests that at least for
polarizing fibroblasts, the length of nesprin2
is not important.

The strength of the Luxton et al. study
is the use of live fluorescence microscopy
to examine the localization and behavior
of actin, nesprin2, and Sun2 during nuclear
migration in cultured fibroblasts. It was pre-
viously observed that nuclear migration
required the rearward flow of actin speckles
(10). Luxton et al. now describe an array of
actin cables that forms on the dorsal surface
of nuclei, parallel to the wound edge, within
30 min after induction of polarization. The
cables moved away from the wound edge at
the same rate as nuclei. Both nesprin2 and

Sun2 were recruited to, and moved with, the
actin cables to create TAN lines. TAN lines
therefore contain all the components needed
to bridge the nuclear envelope and couple the
nuclear lamina to the cytoskeleton.

TAN lines have parallels to other com-
plexes that connect actin assemblies to struc-
tural components on the opposite side of a
membrane. For example, both focal adhesion
complexes and the dystrophin complex span
the plasma membrane, connecting actin fila-
ments to the extracellular matrix. There are
further similarities between nesprin2 and
dystrophin—they have homologous actin-
binding domains and spectrin repeats (2). In
budding yeast, actin movements just outside
the nucleus are coupled to rapid movements
of chromosome ends (telomeres) during mei-
osis. A SUN protein is required for this cou-
pling, which suggests that the assembly of
TAN line-like structures at the nuclear sur-

face might be conserved (/7). Future studies
are required to determine whether TAN lines
exist in three-dimensional tissues and how
broadly such structures are used in the posi-
tioning of nuclei.
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Directing Light Emission from

Quantum Dots

Harald Giessen' and Markus Lippitz?

ell phones, radios, and television sets
contain antennas that pick up signals
carried by electromagnetic radiation
and convert them into pulses of electric cur-
rent. Antennas connect two very different
length scales—transmission wavelengths
range from centimeters to meters, whereas
component wiring and circuitry is on the
micrometer-to-millimeter scale. On page 930
of this issue, Curto et al. (1) take this scaling
concept to the optical world, where the inter-
action of light with matter includes quantum
mechanics as well as classical electromagne-
tism. They fabricate nanoantennas from gold,
a metal that can develop charge oscillations
in its surface layers when excited by optical
radiation. These antennas allow visible radia-
tion, which has wavelengths of hundreds of
nanometers, to couple into a semiconductor
quantum dot only a few nanometers in diam-
eter, and also direct the emission.
The value of a good antenna is best
appreciated when a damaged antenna cable
turns a TV picture into a snow pattern. A
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temporary repair can be made by removing
the faulty cable and sticking a screwdriver
into the antenna plug. The reception will be
somewhat grainy, but at least you can watch
some programs. The reason for the poor pic-
ture quality is what electrical engineers call
mode or impedance mismatch. The tempo-
rary antenna is not mode matched to the elec-
tronic circuits, so much of the signal fails to
get into the circuits—it is reflected back into
the screwdriver antenna. TV antennas are
mode matched not only to the electronic cir-
cuitry, but also to electromagnetic waves,
which travel through free space.

Antennas can be omnidirectional—for
example, the simple dipole antenna that
folds out from a portable radio. A very com-
mon TV antenna, the so-called Yagi-Uda
antenna, invented by Yagi and Uda in 1926,
is directional (see the figure, panel A). It can
be tuned to pick up weak signals efficiently
from distant transmitters. When used in
transmitting mode, it can direct the outgoing
beam into one direction about 5 to 10 times
more efficiently than a dipole antenna.

Quantum emitters, such as atoms, mole-
cules, and quantum dots, can also be regarded
as extreme subwavelength “circuits.” An elec-
trical engineer would regard them as rather

The photon emission from a semiconductor
quantum dot directed by a nanoscale gold
antenna could be used in quantum optics.

bad transmitters or receivers of radiation,
because their extremely small size does not
offer good mode matching to the dipole mode
of'the light to which they couple. Good mode-
matched antennas reradiate their energy after
excitation within a single cycle of the wave.
Molecules or quantum dots take nanoseconds
or even longer to reradiate their energy. This
time scale corresponds to about 1 million
oscillations at optical frequencies, and the
emission is in all directions.

It is possible to fashion nanoantennas
from metals such as gold that can bridge the
mode-matching gap in the optical regime
because they can reradiate their energy
within femtoseconds (2). The very large
oscillator strength of the antennas enables
better coupling and faster response to the
propagating dipole fields of free space com-
pared to a quantum dot. Gold has a very
high density of charge carriers—electrons
and holes—oscillating back and forth at the
so-called particle plasmon resonance. Each
electron-hole pair can be viewed as a sin-
gle dipole, and there are several millions of
them in each nanoantenna of about 100-nm
diameter.

If an atom, molecule, or quantum dot
is placed into the near-field of a metallic
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nanoantenna (within about
1/50th the wavelength of
the emitted radiation), its
excited state can radiate
photons very efficiently
to free space (see the fig-
ure, panel B). The quan-
tum emitters can emit a
single photon, which can
be exploited in quantum
optics. Additionally, the
nanoantenna can redirect
radiation into a defined
solid angle in space and
impose a specific polariza- A

tion on it.

Until now, quantum emit-
ters have mostly been cou-
pled to rather simple struc-
tures, such as the metallic tip
of a scanning probe microscope (3), simple
metallic nanodots or nanowires (4, 5), gap
antennas (6), or bowtie antennas (7). Curto
et al. have manufactured metallic nanoan-
tennas of different shapes, namely nanodots
and nanowires, as well as directive Yagi-Uda
antennas (8). They then positioned quantum
dots near the antennas using an elaborate two-
layer nanolithography scheme. The authors
excited the quantum dots with a laser beam
and observed blinking emission, a strong
indication that only a single quantum dot was
attached to the antenna. The emission pattern
of the dot near the antenna is governed by
the nanoantenna, as is the polarization of the
emitted light. Especially convincing is their
analysis of emitter coupling to the nanoan-
tennas when the antenna’s plasmon frequency
matches that of the emitter (that is, it is in res-
onance, versus off resonance). By carefully
preparing many different-sized structures,
they show that the quantum dot emission is
highly directional and polarized only under
resonance conditions.

The approach developed by Curto et
al. could lead directly to several important
advances. Photon antibunching, in which
photon emission is more equally spaced in
time than with a light-emitting diode, could
create an effective single-photon source for
quantum communication that emits the sin-
gle photons efficiently into a narrow beam.
The demonstration of the Purcell effect,
which is the acceleration of the decay of
the quantum emitter caused by imped-
ance matching by the antenna to free space,
could also enhance the radiative emission
over nonradiative losses.

The technology itself could be fur-
ther improved, for example, by using an
antenna array to gain even higher direc-

tivity or to scan the beam in several direc-
tions as is done with phased-array radar.
Two nanoantennas could face each other
to create an optical nanoantenna link (9)
and, eventually, demonstrate antenna- or
plasmon-based controlled coupling of two
quantum emitters to show quantum inter-
ference. If the quantum emitter used was a
nitrogen-vacancy center in diamond (10), a
true room-temperature quantum computer
could become a reality when exploiting the
different spin states.
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Antennas large and small. (A) A Yagi-Uda TV antenna is shown with feed, reflector, and directors, as well as its radiation pat-
tern. The radiation is fed with very high efficiency into the antenna cable and connector, which are much smaller than the wave-
length of the broadcast signal. (B) Curto et al. coupled the emission of a single quantum dot to a gold Yagi-Uda nanoantenna.
This coupling increases the rate of photon emission and makes the emission pattern highly directional.
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Replication Error Amplified

Salma Kaochar, Andrew L. Paek, Ted Weinert

Yeast offers insight into how lifting controls on DNA re-replication can cause cells to make extra

copies of a gene.

ells have a seemingly endless array

of regulators to provide for fast and

accurate DNA replication. Most cells
succeed in doing it right, each and every time
they divide, which is testimony to the pow-
ers of evolution. Failure to limit DNA repli-
cation to just once every cell cycle can lead
to genome rearrangements, in particular to
“amplification,” or an increase in the num-
ber of copies of some genes. Amplification
can drive abnormal cell growth, and cancer
cells often have amplified oncogenes (7).
How gene amplification occurs, however, is

Department of Molecular and Cellular Biology, University of
Arizona, Tucson, AZ 85721, USA. E-mail: tweinert@email.
arizona.edu

unclear. One mechanism involves the break-
ing and fusion of aberrant chromosomes, a
process first discovered by Nobel Laureate
Barbara McClintock in the 1950s (2), which
leads to extra copies of genes that are joined
together (3). Another proposed mechanism
involves defects in the “re-replication” con-
trols that shut down the DNA-copying pro-
cess after a single duplication, but this idea
had not been testable (4). On page 943 of this
issue, Green et al. overcome that hurdle with
an extravagant experimental system in bud-
ding yeast that demonstrates that re-replica-
tion is indeed a potent mechanism of gene
amplification (5).

These authors have been studying the lab-
yrinth of controls that normally prevent re-
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