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he production of pulses of radiation only femtosec-

onds long, often consisting of merely a few oscilla-

tions and typically at extremely high intensity, has

become almost a commonplace activity in hundreds of

small- and medium-sized research laboratories around

the world. Relatively inexpensive, compact

tabletop laser systems are now generating

pulses that are shorter and more intense

than those generated only at the largest

government laboratories just a few years

ago. And just as the world of computing

was transformed two decades ago with the

advent of personal computers, the small

but extremely powerful ultrashort-pulse

laser systems are beginning to make an

impact in a great many research fields.

These areas range from the study of biochemical reac-

tions, to fundamental studies of the laws of quantum

mechanics, to explorations of strange phenomena such

as superlu-

m i n a l

v e l o c i t i e s ,

w h i c h

appear to

be greater

than the

speed of

light in a

vacuum.

B e y o n d

these areas

of act ive

w o r k ,

u l t r a s h o r t

pulses are

f i n d i n g

p o t e n t i a l

a p p l i c a -

tions  in

b i o m e d i -

cine, where

short pulse

times mini-

mize heat-

ing of adja-

cent t is -

sues and

c o u l d

allow more precise microsurgery; in micromachining;

and in optical spectroscopy. The next few years are likely

to see this new tool become a workhorse in laboratories,

hospitals, and factories (Figure 2).

Since 1987, when the current methods of compress-

ing laser pulses were first developed, the maximum

intensity of laser pulses—the concentration of power per

unit area—has doubled every few months and increased

a mi llionfold over  a decade, with no limit yet

approached. Ultrafast lasers can now deliver pulses

shorter than 5 fs, which equals only a couple of oscilla-

tions of light. Peak powers have exceeded 1,300 TW,

with an intensity on targets of 1021 W/cm2. This is the

equivalent of focusing the power of all the sunlight

falling on earth onto a spot 0.1 mm on a side.

Such intense radiation can accelerate electrons to near

the speed of light, generate pressures hundreds of times

greater than those at the center of the earth, and create

magnetic fields a billion times greater than Earth’s. In

these extreme conditions, researchers can probe the

behavior of matter at high energy and test theories in

fields ranging from astrophysics and general relativity to

quantum mechanics. Conceivably, such pulses may be

the way to provide very compact particle accelerators or

even generate fusion energy.

What is perhaps equally exciting is that, like comput-

er circuits, high-power lasers have shrunk dramatically

in the last decade in both cost and size. Some lasers

capable of extremely high performance can fit on a table-

top and be built for less than $l million, well within the

reach of industrial research centers and small laborato-

ries at universities and hospitals. Experiments that previ-

ously might be contemplated only at large facilities and

cost millions of dollars now can be performed by small

teams at dozens of facilities.

Chirped-pulse amplification
The key to this rapid advance was the development in

the late 1980s of chirped-pulse amplification, or CPA .

Before then, material properties appeared to limit the

intensity that laser pulses could reach. Because the index

of refraction varies linearly with intensity, at intensities

of gigawatts per square centimeter a beam that is more

intense in the center is affected by a high index of refrac-

tion at the center, which creates a lens and thus disrupts

the beam. Given this intensity limit, short-pulse produc-

tion required using materials with a low energy density,

such as dyes and excimers, with energy densities of only
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