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The Smallest Laser Ever 
A year before the 50th anniversary of the invention of the laser, laser physicists present a 
new breakthrough: the nanolaser. It is the smallest laser ever, which makes a whole new 
range of applications in nanophotonics possible.

Back in 1960, the first working laser was described as “a so-
lution looking for a problem.” It was definitely an extreme 
case of lack of foresight. In all truthfulness, it was hard to 
predict at that time that lasers would go on to revolutionize 
not only research laboratories at the cutting edge of science, 
but also medical clinics and telephone networks. In prepa-
ration for the 50th anniversary of the invention of the laser, 
researchers present a new breakthrough in laser physics: 
the smallest laser ever. The nanolaser, as small as a virus, 
is the result of the combined effort of researchers at three 
universities in the USA: Norfolk State University (Norfolk, 
Virginia), Purdue University (West Lafayette, Indiana), and 
Cornell University (Ithaca, New York).

The spaser — such is the name of the new device — is the 
first of its kind to emit visible light on the nanoscale and, 
therefore, it represents a critical component for possible 
future technological applications based on optical circuits. 
An optical circuit works just like an electronic circuit but 
with photons rather than electrons, which is advantageous 

in terms of miniaturization, speed and bandwidth. The key 
components of any electronic circuit are divided into pas-
sive elements —such as resistors, inductors and capacitors 
— and active elements — such as transistors. Optical alter-
natives to passive elements [1] had been proposed before 
any alternative to active elements was demonstrated on the 
nanoscale [2-3]. What is still missing though is something 
capable of playing the role of an optical active element with-
out requiring the huge macroscopic lasers of research labs 
as the source of photons.

The spaser is now able to play such a role by shrinking 
the size of lasers down to the nanoscale. Standard lasers 
come about by placing an amplifying material, called gain 
medium, between a pair of mirrors which form a cavity. 
Photons get amplified while they bounce back and forth 
across the gain medium. “Conventional lasers are limited in 
how small they can be made because their cavity cannot be 
smaller than half the wavelength of light,” says Mikhail A. 
Noginov at Norfolk State University. This means, for exam-

Figure 1: How a spaser looks like. The spaser is 
formed by a gold core, which is surrounded by a glass-
like shell filled with green dye molecule to create a 
sphere of 44 nanometers in diameter.

Figure 2: The spaser mode. A light at the proper wave-
length can lead the dye molecules to fluoresce. The surface 
plasmons are generated and amplified by energy transfer 
from the excited molecules to the gold core of the spaser. 
The plasmons are then converted into photons of visible 
light, which is eventually emitted as a laser radiation. he inner 
and the outer circles represent the gold core (14 nanome-
ters) and the glasslike shell (44 nanometers), respectively.
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ple, that a green laser emitting at 530 nm cannot be made 
much smaller than 250 nm.

The spaser, on the other hand, “can reach sizes which are 
one order of magnitude below those of conventional lasers, 
since it provides a feedback mechanism not for photons but 
for oscillating surface plasmons. Otherwise, it works exact-
ly as a standard laser,” Noginov adds. “The main advantage 
of using any surface oscillations is a high concentration of 
energy in small volumes. […] For a spaser, the modal opti-
cal field is concentrated in three dimensions to a nanoscale 
region with the maximum size of around 10 nm or less,” 
explains Mark I. Stockman at Georgia State University 
(Georgia, USA), who first proposed the spaser concept to-
gether with David Bergman at Tel Aviv University (Tel Aviv, 
Israel) in 2003 [4].

How does the spaser work? It is composed of a gold 
core, which is surrounded by a glasslike shell filled with 
green dye molecules to create a sphere of 44 nanometers 
in diameter, one order of magnitude below what could be 
achieved by shrinking the size of a standard laser. A light at 
the proper wavelength can lead the dye molecules to fluo-
resce. The surface plasmons are generated and amplified 
by energy transfer from the excited molecules to the gold 
core of the spaser. The plasmons are then converted into 
photons of visible light, which is eventually emitted as a la-
ser radiation. These nanospheres were fabricated at Cornell 
University, while the optical characterization needed to de-
termine how the device behaves as a laser was performed by 
the researchers at Norfolk State University and at Purdue 
University.

As with many breakthroughs in science, the spaser is the 
fruit of intense labor and cooperation among researchers. 
The work was possible, as Noginov himself points out, “only 
thanks to collaboration among three different groups.” 
Stockman agrees: “It is definitely a great success and out-
standing result for Noginov’s group, which he was enthusi-
astically working on for several years, but this work became 
possible also due to the participation of an outstanding 
group from Cornell University lead by Ulrich Wiesner, that 
synthesized the spacers, and another excellent group lead 

by Vladimir M. Shalaev from Purdue University, that per-
formed spectroscopy on the device.” At the same time, the 
theoretical model for this nanolaser was developed by E. 
Narimanov at Purdue University.

“There may be several applications for spasers,” pre-
dicts Stockman. “First of all, they are very bright and con-
centrated sources of optical energy on the nanoscale. This 
can be used in ultrasensing, ultramicroscopy, as a label in 
biomedicine, etc. However, probably, the most important 
application of the spaser is due to the fact that it is an ul-
trafast nanoscale amplifier of electric fields. It is just like 
a transistor in terms of the size, but when working at opti-
cal frequencies it is approximately a thousand times faster. 
It could be used instead of the transistor in ultrafast opto-
electronic circuits and processor chips, for instance.” Such 
an important discovery is the perfect pre-50th anniversary 
present for the world of lasers.
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