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Forget heads-up displays on wind-
shields and glasses: Imagine a heads-

up display device that you popped into 
your eye with no more fuss than a contact 
lens. It would require no more fuss be-
cause the display would be built into the 
contact lens.

Researchers in Professor Babak Parviz’s 
electrical engineering group at the Uni-
versity of Washington are developing  
the first steps to building a heads-up 
display in a contact lens. At the 21st IEEE 
Annual Conference on Micro Electro 
Mechanical Systems (MEMS ’08), Har-
vey Ho (now at Sandia National Labora-

tories) described a contact lens outfitted 
with electrical circuits and LEDs.

The prototype device contains an 
electric circuit as well as red light-emit-
ting diodes for a display, though it does 
not yet light up. The lenses were tested 
on rabbits for up to 20 minutes and the 
animals showed no adverse effects. The 
devices are also not (at the moment) 
made to correct vision.

Parviz’s team used comparatively 
low-temperature methods to fabricate  

circuits and LEDs on polyethylene  
terephthalate (PET) film. In 2006,  
Parviz and S.A. Stauth demonstrated a 
method that allowed them to fabricate 
single-crystal silicon circuits on plastic. 
First, functional devices were made in 
batches, then released to self-assemble 
onto a plastic substrate to yield a func-
tional macroelectronic system (Proc. 
Natl. Acad. Sci. USA 103, 13922). In 
this case, the components were electrical 
interconnects and LEDs.

After the circuitry was assembled, it 
was protected (passivated) and the entire 
assembly was coated with polymethyl-

methacrylate (PMMA) 
to make it friendlier to 
eyes—in this case, the 
eyes of the rabbits. But 
the plastic was still flat, 
rather than the curve 
that it needed to fit over 
the cornea. The research-
ers put the flat substrate 
into a heated metal 
mold and pressed it, 
imparting a permanent 
curve onto the plastic. 
This process is problem-
atic: Before the molding, 
many of the self-assem-
bled components appear 
to work—afterwards, far 
fewer do.

“There is a large area 
outside of the transpar-
ent part of the eye that 
we can use for placing 
instrumentation,” Parviz 

said. The researchers hope to power the 
whole system using a combination of 
radio-frequency power and solar cells 
placed on the lens. Data could also be 
sent to the display via radio.

Displays aren’t the only possibility for 
the contact lens. The non-optical periph-
ery could be used as a biosensor—for 
example, the researchers suggest the pos-
sibility of fabricating a glucose monitor 
on a contact lens.

—Yvonne Carts-Powell

Bionic Eyes for Daily Wear?
Scanning-electron-
microscope image 
of a low-loss hol-

low-core photonic 
bandgap fiber.

[Did You Know? ]
Hollow-core photonic bandgap 

fibers can transport light in the 
core with very low loss because the 
cladding prohibits light transmission 
throughout a range of wavelengths 
called the bandgap. They are useful 
for high-power, ultrafast, and nonlin-
ear optics applications. Some uses 
require both a wide bandgap and low 
attenuation, but a typical tradeoff for 
reducing attenuation in the fiber had 
the effect of decreasing the width of 
the bandgap.

J.C. Knight’s group at the Uni-
versity of Bath, U.K., found a way 
around this tradeoff: They carefully 
designed the fiber so that the clad-
ding structure ends at what would be 
the natural edge of cells that make 
up the core (Opt. Express 16, 1142). 
The core in their fiber is a hole the 
size of seven cells. This results in a 
fiber with a wide bandwidth and low 
attenuation over the entire bandgap. 
The researchers measured a loss of 
less than 50 dB/km over 300 nm for a 
fiber operating at 1,550 nm.

Unlike previous fibers of this type, 
Knight’s group made the silica fibers 
with a periodic array of holes sur-
rounding the core without an extra 
tube for the core, which simplifies 
the manufacturing process.

A display 
embedded in a 

contact lens.
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Infrared spectrometry is tremendously 
useful for identifying chemicals, but 

it requires a light source that can provide 
many different wavelengths. Lab-on-a-
chip devices that incorporate 
spectrometry are no different, 
but they add the requirement 
that the light source be very 
small.

Graduate student Benjamin 
Lee of Harvard University and 
his colleagues recently dem-
onstrated a light source that 
provides a broad range of wave-
lengths (Appl. Phys. Lett. 91, 
231101). In fact, the source is 
not a single laser, but an array of 
quantum-cascade lasers (QCLs).

The researchers in Federico 
Capasso’s lab at Harvard made 
an array of 32 lasers, each de-
signed to emit in single-mode at 
a specific wavelength, fabricated 
on a single chip using standard 
semiconductor processing tech-
niques. One feature of QCLs is 
that their wavelength depends 
on an energy transition in an 
engineered superlattice, rather than the 
intrinsic bandgap of a bulk material; thus 
the wavelength can be chosen by design. 
The array provides a continuous range 
of wavelengths form 8.7 to 9.4 mm. The 
entire device is smaller than one-fourth of 
a dime (see above). The researchers have 
filed for U.S. patents covering this new 
class of laser chips.

The wavelength range of QCLs is 
useful, but for spectroscopy, most ap-
plications require single-mode lasing 
so that the laser emits at only a single 
wavelength. This typically requires that 
the laser use either an external cavity or 
a design that incorporates distributed 
feedback (DFB) to suppress competing 
modes.

While DFB lasers are simpler than 
using an external cavity, and have been 
used robustly in the telecom industry, 
individual DFB lasers have only limited 
wavelength tenability. To get around this 

problem and cover a wide wavelength 
range, the Harvard researchers pro-
duced an entire array of DFB QCLs, all 
fabricated on the same chip, all run by a 

single controller. “Most of the cost is in 
the processing,” Lee explained, “so if you 
are making a whole wafer, it’s no more 
expensive to make an array than single 
lasers.”

The efficiencies of the different lasers 
in the array were different in this early 
device, as were the peak powers. But, said 
Lee, “in terms of doing spectroscopy with 
the array, all that matters is the minimum 
power levels—each laser is well known 
and controlled.”  

The variability should be minimized 
for higher-power applications, he added, 
and for better signal/noise ratios.

On one hand, this new device doesn’t 
compete with a conventional Fourier-
transform infrared spectrometer, because 
that instrument can perform spectrom-
etry at all wavelengths from 3 to 30 µm. 

A Teeny, Tiny Spectrometer

A dime dwarfs an  
array of 32 tiny quantum-
cascade lasers on a single 
chip. The array can provide 
an integrated light source for 
optofluidic chips, including 
spectrometers. Squares on the 
bottom portion of the chip are 
gold pads for wire bonding.
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But on the other hand, the microchip 
laser array can be integrated into a much 
smaller, portable package for spectroscopy 
over a more limited wavelength range.

The array also has particular promise 
as a sensor for specific substances such as, 
for example, a toxic gas, where sensing a 
few absorption lines could be sufficient. 
“For most applications, you don’t need 
the entire IR spectrum,” Lee said. “You 
know what you are looking for; you are 
just trying to figure out how much of it 
you’ve got.”

The team demonstrated the QCL 
array in action, using it to perform 
absorption spectroscopy of fluids includ-
ing isopropanol, methanol and acetone. 
Said Capasso: “We have shown that these 
widely tunable and extremely compact 
sensors can measure the spectrum of 
liquids with the same accuracy and 
reproducibility of state-of-the-art infrared 
spectrometers, but with inherently greater 
spectral resolution.”

Ben Lee


