
8 | OPN April 2009 www.osa-opn.org

SCATTERINGS | NEWS

microscopes to inspect masks before 
using them to manufacture circuits.

Colorado State University (CSU) 
graduate student Fernando Brizuela, 
OSA Fellow Carmen Menoni and their 
colleagues built the 13.2-nm-wavelength 
microscope at the National Science 
Foundation’s Engineering Research 
Center for Extreme Ultraviolet Science 
and Technology (Fort Collins, Colo., 
U.S.A.). The microscope uses as illumi-
nation the directed beam from a plasma-
based Ni-like Cd laser developed at CSU 
by a team led by Jorge Rocca.

The EUV laser generates a pencil-
like beam of 13.2-nm-wavelength light 
through ablation of a cadmium target 

Got a telescope? Point it skyward! Organizers of the 
International Year of Astronomy (IYA) are sponsoring 

a worldwide “100 Hours of Astronomy” project from April 2 
to April 5.

The goal of this professional-amateur collaborative 
project is to get as many people as possible to look at the 
night sky through a telescope during those four days, just 
as Galileo did for the first time in 1609. It’s billed as the 
single largest IYA event. Science centers and research 
observatories will host live webcasts, and the project 
will culminate in a 24-hour-long global “star party” with 
amateur astronomers (from local dusk to dawn, of course). 
Even the Hubble Space Telescope team will release a 
brand-new image of a celestial object selected by popular 
vote in January and February. 

For the greatest public outreach, register your local event with the IYA at 
the Web site www.100hoursofastronomy.org.

S emiconductor manufacturers envi-
sion using extreme ultraviolet lithog-

raphy (EUVL) to achieve the next level 
of integrated-circuit miniaturization. For 
the necessary EUVL mask inspection, 
a U.S. research team has demonstrated 
a reflection microscope with a tabletop-
sized laser for illumination (Opt. Lett. 
34, 271).

This new technology, which employs 
13.4-nm-wavelength illumination and 
all-reflective optics in the projection sys-
tems, will require a suite of new metrol-
ogy tools to assess performance of the 
lithographic process. Critical to EUVL is 
the capability to detect and characterize 
defects on the reflective extreme ultravio-
let masks that will be used for printing. 
Such examination uses light near 13.4 nm 
to find defects that lie on the surface of 
the mask or are buried inside the reflec-
tive Mo/Si multilayer coating.

However, there are only a couple of 
synchrotron sources for such soft X-rays, 
one in the United States and one in 
Japan. Fabricators want to have on-site 

Bringing 
Extreme UV 
Microscopy to 
the Tabletop

with an intense visible laser that creates a 
plasma hot enough for lasing to occur at 
such short wavelengths (OPN, Novem-
ber 2006, p. 30). The microscope uses 
innovative condenser and objective zone 
plates, developed at Lawrence Berkeley 
National Laboratory’s Center for X-Ray 
Optics, that focus the light output from 
the EUV laser onto the mask and form 
the image of the illuminated mask on an 
array detector.

Both optical elements are small: The 
condenser is 5 mm in diameter, and the 
objective zone plate has a pupil diameter 
of 120 µm. The EUVL mask pattern 
features are on the order of 22 nm. Zone 
plates have the advantage of creating less 
aberration than multilayer coated mir-
rors, Brizuela said.

The microscope can acquire images 
with a field of view of 15 3 15 µm2 in 
20-s exposures, and the instrument’s 
spatial resolution is 55 nm. What is 
unique to this microscope is that it pro-
vides the same illumination conditions 
that the EUVL masks find in a litho-
graphic system and thus images defects 
as they would print on the wafer.

Next, the EUVL microscopy team 
will work on increasing the uniformity of 
the illumination and boosting the imag-
ing system’s throughput to cut exposure 
times further. The researchers also want 
to study defects that are buried within 
the coatings of the masks.

— Patricia Daukantas

DID YOU KNOW?

Courtney Brewer (left) and 
Fernando Brizuela examine 

images obtained with the 
EUVL microscope. The 

microscope chamber can 
be seen in the back.

Colorado State University
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T iny disk-shaped lasers, sized in the 
micrometer regime, could someday 

play an important role in optical com-
puting, but only if they 
can give off directional, 
rather than uniform, 
illumination. A recent 
theoretical analysis clari-
fies a design that could 
create the desired effect 
(Opt. Lett. 34, 163).

The best design would 
be a so-called spiral 
microlaser that deviates 
from perfect round-
ness by the width of a 
small notch on the side 
of the disk, according 
to researchers Martina 
Hentschel and Tae-Yoon 
Kwon of the Max Planck 
Institute for the Phys-
ics of Complex Systems 
(Dresden, Germany). To 
get good directionality, 
the notch size must be 
about twice the size of 
the wavelength.

As lasers shrink into 
the so-called mesoscopic 
region (below 100 µm), 
the linear optical cavities 
of regular-size lasers 
become impractical. 
Some current microdisk 
lasers give off light in 
all directions due to 
light leakage around the 
circumference. However, 
this effect would be a major drawback in 
integrated photonic circuits. In addition, 
some spiral laser cavities—disks with 
a small notch on one side to break the 
symmetry—show some directional emis-
sion in experiments, although the effect 
had not been properly explained.

Previous chaotic simulations treated 
light rays within small optical cavities 
as if they were billiard balls, but light 

doesn’t act that way. 
Hentschel and Kwon 
numerically modeled the 
behavior of transverse-
magnetic-polarized light 
within resonators of vari-
ous geometries—specifi-
cally by varying the ratio 
of the width of the notch 
to the radius of the cavity. 
Using a more sophisti-
cated model than billiard 
balls, they also simulated 
both boundary pumping 
and uniform pumping.

By exploring different 
parameter ranges, the 
pair noted that the two 
whispering gallery modes 
traveling in opposite 
directions inside the 
spiral cavity are coupled 
together, although only 
one of the modes escapes 
through the notch in the 
spiral’s rim. The devia-
tion from the ideal disk 
shape cannot be too 
large, because the cavity 
then fails to support the 
whispering gallery modes. 
In addition, boundary 
pumping needs to be 
confined to the outer 
one-tenth annulus for 
good directionality.

The results of the simulations agree 
with earlier experimental observations, 
Hentschel said. She is collaborating 
with Federico Capasso’s group at Har-
vard University to continue optimizing 
directional light emission of these 
spiral microlasers.

Designing Better  
Spiral Microlasers

Low-Q cavity state 
oscillation.

Tae-Yoon Kwon
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