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the Si substrate, 
but without 
notable success.

Th e new laser 
is grown on a 
silicon substrate 
from germani-
um at 650° C in 
a high vacuum. 
Other devices 
made from 
Ge, including 
photodetectors 
and modulators, 
have already been successfully integrated 
with waveguides. Germanium is compat-
ible with silicon CMOS growth; in fact, 
doping with Ge increases the speed of 
silicon electronics. However, the band 

structure of 
standard Ge 
means that the 
material doesn’t 
tend to lase when 
excited. 

To address 
this, primary 
investigator Jur-
gen Michel and 
others engineered 
the conduction 
bands. Lasing 
in semiconduc-
tors depends on 
having just the 
right material 
properties and 
excitation at 
specifi c energies. 

Th e group tweaked the bands in their 
Ge device by both n+-doping it with 
phosphorus and applying mechanical 
strain to it in order to make it behave 
more like a direct-bandgap material. 
Th e success of their band engineering 
has broad implications for the lasing 
potential of other indirect-band-gap 
semiconductors. “Th e laser is just totally 
new physics,” says Lionel Kimerling, a 

Room-temperature infrared-emitting 
lasers grown on silicon could be 

the fi rst step toward integrating optics 
for communications, computing and 
micro-optical devices. Researchers at the 
Massachusetts Institute of Technology 
(Cambridge, U.S.A.) recently reported 
room-temperature lasing from a band-
engineered germanium laser grown on 
silicon (Opt. Lett. 35, 679).

Most lasers used on chips today are 
made of GaAs or other Group III-V 
semiconductors that are grown on non-
silicon substrates, cut into dies, and 
connected by wires bonded to the silicon 
chip that contains electronics. Although 
the process works, it’s complicated.

Making lasers directly on silicon—
either from silicon itself or a material

that can be grown on a silicon sub-
strate—has been an active research 
area for decades. Th e simplicity of such 
a device would increase effi  ciency and 
lower computing costs. People have 
tried to make Si-substrate-compatible 
lasers by a variety of methods, including 
nano-engineering Si and SiGe, doping 
silicon compounds with erbium, and 
trying to grow III-V lasers directly on 

The Beginning of Truly 
Integrated Lasers?

co-author who heads 
the electronic materials 
research group in the 
department of materials 
science and engineering.

Th e addition of phosphorus, with its 
extra electron compared to Ge, tends to 
populate the lowest conduction state, 
causing excited electrons to spill over 
into the higher-energy, photon-emitting 
state. Straining the crystal lattice also 
helps, by narrowing the energy diff er-
ence between the lower conduction state 
and the photon-emitting state. At the 
temperature at which they grew the Ge 
on Si, the lattice was relaxed; however, 
at room temperature, it is strained.

Th e device is a long trench-grown 
Ge waveguide with mirror polished 
facets. Th e edge-emitter produces mul-
timode peaks within the gain spectrum 
of 1,590-1,610 nm. Currently, the laser 
is excited optically. Th e group’s previous 
work suggests that electrical pumping 
may also be feasible. Th e researchers have 
also already considered how to integrate 
Ge laser growth with CMOS fabrication 
(Proc. SPIE 6898, 689804).

Th e next steps are to enhance optical 
gain in Ge and to demonstrate electrical 
pumping. More information about the 
Ge laser will be reported at OSA’s Inte-
grated Photonics Research, Silicon and 
Nano Photonics meeting in late July. 

— Yvonne Carts-Powell

Lionel C. Kimerling (left) 
with principal investigator 
Jurgen Michel (center) and 
lead researcher Jifeng Liu.

A close-up of the chips 
that use germanium lasers 
to transmit data.
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Laser ablation, which is used to remove unwanted tattoos without scarring 
skin, is now helping to preserve great sculptures, paintings and other works 

of art. Salvatore Siano and Renzo Salimbeni of the Applied Physics Institute, 
CNR (Florence, Italy), describe how laser ablation can clean the surface of some 
artworks with less damage than mechanical and chemical techniques (Acc. 
Chem. Res., doi: 10.1021/ar900190f). The method can also be used underwater 
to clean archeological artifacts that would degrade if exposed to air, such as 
coins from shipwrecks. 

N ew experiments show that an optical 
clock based on an aluminum ion is 

the most precise in the world. Chin-wen 
Chou and colleagues at the U.S. National 
Institute of Standards and Technology 
(Boulder, Colo., U.S.A.) demonstrated 
aluminum-ion-based clocks with precision 
an order of magnitude higher than cesium 
fountain clocks, on which the interna-
tional time standard is based (Phys. Rev. 
Lett. 104, 070802).

The additional precision could be 
helpful for studying whether properties 
that have been assumed to be constant 
vary on this scale. For example, the 
researchers believe that, with this clock, 
they should be able to tell if the fine 
structure constant changes over time.

At present, the accepted time and fre-
quency standard is based on a microwave 
transition of the cesium atoms—this has 
been the standard for 50 years. However, 
optical transitions, with their much 
shorter wavelengths, offer the potential 
for much better accuracy. The transi-
tion in the aluminum ion clock is in the 

ultraviolet region. How-
ever, higher frequency is 
only one factor needed 
for improved clocks.

At these very high 
precisions, talking about 
gaining or losing a second 
over a number of years 
becomes an unwieldy 
(although intuitively 
obvious) way to discuss 
timekeeping. Instead, 
researchers talk about just 
how steady the clock is, 
using the fractional fre-
quency inaccuracy (frac-
tional uncertainties), with 
smaller numbers being 
better. The best atomic 
clocks have an accuracy 
of about 5 3 10–15.

The optical clock 
based on aluminum ions has a fractional 
frequency inaccuracy of 8.6 3 10–18, 
more than an order of magnitude better 
than a cesium clock. In other words, it 

A Fine Time Was Had by Al+

DID YOU KNOW?

NIST postdoc James 
Chin-wen Chou with 
the world’s most 
precise clock, based 
on the vibrations of 
a single aluminum 
ion trapped inside 
the metal cylinder 
(center right).
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Yvonne Carts-Powell (yvonne@nasw.org) is a 
freelance science writer who specializes in optics 
and photonics. 

would neither gain nor lose one second 
in about 3.7 billion years.

Both aluminum and magnesium ions 
are confined in an electromagnetic trap. 
The researchers couldn’t cool the Al+ ion 
directly, so the researchers laser-cooled 
the Mg+ until both types of ions have 
been cooled to close to absolute zero. 
They looked at the resonant frequency 
at which Al+ jumps to a higher-energy 
state (from 1S0 to 3P0). The smaller the 
variation in repeated measurements, the 
more precise the clock.

The energy-level transition in the 
Al+ ion is well-suited to the applications 
because it doesn’t change much when its 
electromagnetic environment changes, 
or when the temperature changes. But 
although it is stable, its properties cannot 
be detected easily with lasers. Therefore, 
the Mg+ ion also used to signal the Al+ 
ion’s quantum state.

The next step is to see if the clocks 
can be widely reproduced and show 
themselves to be stable over the long 
term and resistant to changes due to 
external factors.

Laser ablation, 
used to clean part 
of the angel on the 

right, worked better 
than traditional 

methods, used on 
the left two angels. 

The 15th century 
painting appears 

on a wall of the 
Sagrestia Vecchia 
in Florence, Italy.


