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Bending 3-D Microshapes with Light

A twist on a long-used printing tech-
nique allows researchers to use pho-

tolithography to make complex microscale 
3-D shapes. Researchers in Ryan Hay-
ward and Christian Santangelo’s research 
groups at the University of Massachusetts, 
Amherst (U.S.A.), demonstrated using 
halftone gel lithography with UV light to 
phototransfer patterns onto flat polymer 
gel sheets. The gel swells and contracts 
with changing temperatures. The pattern 
of dots changes the amount of expan-
sion, resulting in internal stresses that are 
relieved by bending out of the plane of the 
sheet (Science 335, 1201). The technique 
could be used in bioengineering to build 
devices that change shape.

The polymer gel absorbs water like a 
sponge, and then expands or contracts 
depending on temperature. But the abil-
ity to expand depends on how strongly 
cross-linked the polymers are, which, in 
turn, relies on the dose of UV light they 
are exposed to.

To pattern the polymer gels, the 
group used two masks and UV photo-
lithography in a technique similar to a 
common printing method called half-
toning, which is used by printers to pro-
duce many shades of a color using dots of 
varying sizes. Smaller dots leave more of 
the white background showing, and from 

a distance the dots and unprinted areas 
appear to merge, producing a uniform 
light shade. Bigger dots produce areas of 
darker shades.

 The researchers used the first mask 
with a low dose of UV light (0.2 J/cm2 
at 365 nm) to define a potentially high 
swelling area, gelling the polymer and 
yielding a material that can swell to about 
eight times its dry size in area.

 The second mask defines a pattern 
of dots where the polymer is extensively 
cross-linked; this restricts swelling to 
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One-Step Rainbow Grating

A low-cost, single-step method makes 
reflection gratings with tailored, 

variable periods. A group led by Uni-
versity at Buffalo (U.S.A.) engineering 
professors Qiaoqiang Gan and Alexander 
N. Cartwright reports making graded 
holographic photopolymer gratings 
that produce a rainbow-colored reflec-
tion image (Adv. Mater., doi:10.1002/
adma.201104628). The gratings could be 
integrated with detectors or imagers to 
create compact spectroscopic analyzers.

To create the rainbow grating, they 
sandwiched a syrup of monomer liquid 
crystals and photo-initiators in solvent 

only twice its dry size. When the sheet 
swells, the difference between the two 
areas creates stress. To relieve the stress, 
the sheet bends. As long as the dots are 
only a few times larger than the film 
is thick, the sheet acts like a homog-
enous elastic material, yielding smooth 
curves. Part of the group’s work involved 
investigating how the film thickness, dot 
diameter and spacing between the dots 
is related to the curved surfaces. “With 
a proper half-tone pattern of resist dots,” 
the researchers write, “almost any 3-D 
shape can be achieved.”

The method is simple, but the potential 
for making 3-D shapes hasn’t been fully 
explored. The group is still investigating 
the kinetics of swelling and deswelling.

They demonstrated cones and shapes 
with axial symmetry, as well as non-
axially symmetric shapes. The group 
has considered using the material for 
micro-optics. Santangelo says, “The basic 
principles involved are universal and so 
should apply to shaping lenses once one 
has the right material and process.” Hay-
ward adds, “the method could be appli-
cable to switchable optics and microlens 
arrays.” At the moment, the group is 
busy considering the more fundamental 
questions about how to shape films. 

—Yvonne Carts-Powell

between two glass slides. When a laser 
beam is introduced at an angle through 
the top slide, some of it reflects off the 
bottom slide. The beam and its reflection 
interfere. At high-intensity locations, the 
monomers join into polymers, forming a 
continuous pattern of parallel gratings. 

Instead of directing a collimated laser 
beam into the pre-polymer syrup, the 
researchers placed a cylindrical lens on 
the top slide. The light is subtly focused, 
which results in a reflection grating 
with a varying period across the length 
of interaction. The end product is a thin 
reflection grating that, when viewed 
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A rainbow-colored grating, about 25 mm 
wide, lit by sunlight. Enlarged images show 
the grating surface with slowly varying 
period. Black bars = 10 µm. 

A small square of polymer could be printed 
so that it swells into a sphere.

600 μm
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Lasing from a Self-Assembled 
Photonic Crystal

R esearchers in India have developed 
a mirrorless photonic crystal laser 

made out of dye-activated, self-assembled 
nanoscale spheres. Th e tiny laser emits 
visible wavelengths at room temperature 
and takes only a few hours to build (Phys. 
Rev. A 85, 023844).

A team led by Rajesh V. Nair of the 
Bhabha Atomic Research Centre (India) 
created the laser crystal out of rhodamine-
B-dye-doped polystyrene spheres, each 
with a diameter of 295 nm. Th e face-
centered cubic (fcc) crystal, roughly 2 cm2 
in area, grew from a colloidal suspension 
of the spheres in about three hours.

When excited by a low level of energy 
from a 532-nm pump laser, the dye spon-
taneously emits light centered at 600 nm, 
which overlaps with the expected fi rst-
order “photonic stop gap” along the [111] 
direction of the fcc crystal. As predicted 
by theory, the refl ectivity spectrum 
peaked at that wavelength, with a cor-
responding trough in the transmittance 
spectrum, demonstrating the expected 
stop gap. Th e researchers also detected 
second- and third-order stop gaps at 
shorter wavelengths due to the optical 
quality of the material.

Th e scientists found that increasing the 
excitation energy of the pump laser to at 
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under white light, refl ects colors from 
red to indigo. Th e fi lter the researchers 
created was about 25 mm long, but the 
technique they used is scalable. 

“We have developed a process that can 
be modifi ed to create spatially separated 
structures with designed optical proper-
ties. It is a novel and simple concept to 
integrate multiple refl ection fi lters in a 
very compact manner,” explains Gan.

Many inexpensive mass-produced 
gratings are made by embossing plastic 
with a master. But making the master 
with nanoscale features typically requires 
either expensive focus ion beam milling or 
electron beam lithography techniques. In 
contrast, this technique allows fabrication 

of compact multicolored fi lters in a 
single step using only optics. 

Th e custom-designable gratings 
could make feasible a variety of low-cost 
devices. Combining the gratings with 
cell-phone cameras, for example, users 
could easily record and transmit spectra 
for applications from remote medical 
testing to matching paint colors. Gan 
says, “By employing the predesigned 
pattern for the fabrication, it is possible 
to create a functional photonic element 
to manipulate light fl ow, which is prom-
ising for miniaturized spectral analysis, 
biomimetic photonics and anti-counter-
feiting techniques.”

—Yvonne Carts-Powell

least the threshold of 0.7 mJ would cause 
the stimulated emission inside the crystal 
to overwhelm the spontaneous emission, 
thus leading to laser action. Th e team 
attributed the lasing to the enhancement 
of the local density of states near the long-
wavelength edges of the band and the fi eld 
energy distribution within the crystal.

Nair and his colleagues suggest that, 
because the refractive index of the crystal 
material depends on the intensity of the 
incident light, these crystal devices could 
be used as optically switchable lasers in 
optical circuits. Researchers could also 
exploit the direction-dependent light 
from these easily fabricated crystals to 
enhance solid-state lighting.

— Patricia Daukantas

A source excites dye molecules in a nano-
photonic structure generating the sponta-
neously emitted light within the structure. 
At higher excitation energy, the stimulated 
emission overcomes the spontaneous 
emission, which leads to lasing.
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Nader Engheta

Team Builds Mid-Infrared 
Lumped Nanocircuit

R esearchers at the University of 
Pennsylvania (U.S.A.) have built 

a working 2-D optical nanocircuit 
designed out of “lumped” elements 
analogous to the familiar building 
blocks of electronic circuitry (Nature 
Mater. 11, 208).

The team led by University of Penn-
sylvania electrical and systems engineer-
ing professor Nader Engheta created 
tiny rectangular rods of silicon nitride, 
between 175 and 325 nm thick, and 
arranged them in an array with 75-nm 
gap spacing. These parameters were 
much smaller than the overall length of 
the rods, 200 µm, and the wavelengths 
of the mid-infrared signal sent through 
the circuit, 8 to 14 µm.

Through the array, the researchers sent 
signals with polarization either parallel 
with or perpendicular to the rods. They 
found that the array acted like a parallel 
combination of lumped impedances in 
the case of parallel polarization and like 
a serial circuit of lumped elements in the 
case of perpendicular polarization.

Engheta has been working on the 
theory behind lumped optical circuit 
elements for several years (OPN, June 

said the most challenging aspect of the 
experimental work was fabricating the 
high-aspect-ratio nanorods so that they 
would be suspended by themselves in 
a 600 × 600 µm window without any 
supporting substrate.

Engheta and his colleagues call 
this nanoscale circuit theory “meta-
tronics.” According to the authors, 
other materials may be used in 
functional nanocircuits to manipu-
late optical displacement currents 
for information processing and data 
handling applications.

Next, the U. Penn. group will experi-
ment with other materials, such as trans-
parent conducting oxides, that would 
behave like lumped circuit elements in 
the near-infrared and possibly even the 
visible spectrum. Also, they will test 
more complex circuits and structures.

—Patricia Daukantas

2006). Stan-
dard electric 
circuit theory 
uses lumped 
quantities such 
as inductance, 
capacitance and 
resistance to describe electrical cur-
rents and voltages. In today’s modern 
technology, electronic circuits are often 
smaller than the wavelengths of the radio 
frequency and microwave signals passing 
through them.

What happens when both the physi-
cal circuits and the wavelengths of the 
signals shrink even further? According 
to Engheta’s theory, nanoscale struc-
tures can still behave like capacitors, 
inductors and resistors if the electro-
magnetic permittivity of the materials 
in the structures falls within certain 
ranges. Engheta’s team showed that 
the experimental data from their nine 
different nanorod arrays was in excellent 
agreement with the results predicted by 
their theory.

The researchers made the tiny array 
out of silicon nitride because of its 
intrinsic resonance around 12 µm. He 

Stimulating Specific Neurons with Light

A new, noninvasive method to control 
neurons uses the unique optical and 

electrical properties of quantum dots 
(QDs). Researchers at the University 
of Washington (U.S.A.) showed that 
neurons and other cells changed their 
behavior in specific ways when nearby 
QDs were optically excited (Biomed. 
Opt. Express 3, 447). The new method 
provides a tool that could target par-
ticular cell types, which would help 
researchers investigating brain function, 
including research into Parkinson’s 
disease, Alzheimer’s and depression.

Electrical impulses can activate neu-
rons, but using electrodes for delivering 
the impulses turns on thousands or 
millions of them all at once. This makes 
it impossible to tease out the behavior 
of an individual or specific type of cell. 
Optical methods of triggering neurons 
are attractive because light is noninva-
sive and reduces other changes in the 
environment. The University of Wash-
ington team led by Fred Rieke and Lih 
Y. Lin used QDs to make cells photo-
sensitive without genetically or chemi-
cally changing them.

QD electrons have limited energy 
bands because they are so small—only a 
few microns in diameter, which is roughly 
the thickness of a cell membrane. This 
results in precisely defined absorption and 
emission wavelengths, as well as mag-
netic fields created by electrons moving 
between the few allowed energy levels. 
Also, QDs can be attached to proteins 
designed to seek out receptors on the 
surface of specific cell types. These char-
acteristics can turn QDs into a kind of 
beacon, making it possible for researchers 
to identify and precisely activate cells. 

Mid-infrared lumped nanocircuit made of rectangular rods of 
silicon nitride, between 175 nm and 325 nm thick.
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Patricia Daukantas (patd@nasw.org) and 
Yvonne Carts-Powell (yvonne@nasw.org) are 
freelance science writers who specialize in 
optics and photonics.

The proof-of-concept experiments 
were done on glass, not in the body. The 
researchers grew cells on QD films so 
that their membranes were close to the 
QD-coated surfaces. When light excites 
electrons in the QDs, they generate 
a magnetic field, which then triggers 
measurable changes in the ion-channel 
activity on the cell surface. 

They used cadmium-telluride and 
cadmium-selenium QDs to investigate 
prostate cancer cells first (because of 
their resilience) and then brain neurons. 
The researchers observed that the ion 
channels in the cancer and brain cell 
membranes were activated when the 
QDs were excited. 

Researchers need to identify a non-
toxic material for QDs before they 
can be used in vivo. But the technique 
developed by Reike and Lin’s team offers 
the potential to manipulate the activity 
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of specific types of neurons, which could 
elucidate—or even be used to treat—
brain diseases. “Many brain disorders 
are caused by imbalanced neural activ-
ity,” Rieke says. “This could aid both 
in understanding the normal activity 

patterns in neural circuits, by introduc-
ing perturbations and monitoring their 
effect, and how such manipulations 
could restore normal circuit activity.”

—Yvonne Carts-Powell

Optically excited quantum dots in close proximity 
to a cell control the opening of ion channels. 

Lugo et al., University of Washington.


