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        L
asers are used in a wide range of 

applications that benefi t from the pin-

sharp (spatially coherent) beam and 

immense pulse peak power they can pro-

vide. In many cases, notably manufactur-

ing, high average power is essential for cut-

ting, welding, and drilling. The low-power 

optical fi ber amplifi er ( 1), acclaimed as the 

mainstay of the fi ber-based Internet, can be 

massively scaled to emerge as an industrial 

laser frontrunner, reaching an output power 

of  >1 kW ( 2) and, more recently, an astound-

ing 10 kW ( 3). These results were obtained 

with (nearly) diffraction-limited beam qual-

ity, which determines the ability to focus to a 

tight spot. Together with the power and wave-

length, it determines the spatial brightness, 

or radiance. The brightness is exceptionally 

high for these fi ber lasers, and this, rather 

than the power itself, determines the power 

density achievable on a target.

There are several “secrets” behind the 

success of high-power fi ber lasers. One is 

cladding-pumping ( 4– 6), which uses a more 

sophisticated fi ber structure than that of a 

conventional optical fi ber (see the fi gure). In 

addition to the usual few-micrometer-sized 

core for guiding the light, these double-clad 

fi bers include a second, coaxial, waveguide 

that surrounds the core. Most fi ber lasers are 

optically pumped by semiconductor laser 

diodes, and the large size of this second 

waveguide allows pumping with numerous 

pump diodes that provide several kilowatts of 

low-cost, low-brightness optical power.

Then there is the incorporation into the 

core of ytterbium as the laser-active (ampli-

fying) dopant. Ytterbium is a very effi cient 

laser ion, partly due to the proximity of the 

wavelength of the amplifi ed light (typically 

1040 to 1100 nm) to that of the pump (typi-

cally 910 to 980 nm) ( 7,  8). The difference is 

called the “quantum defect” and determines 

the amount of surplus heat a laser will pro-

duce; to minimize this, a pump wavelength 

of 1020 nm was used for the 10-kW dem-

onstration ( 3). The optical conversion effi -

ciency of a fi ber laser can exceed 80%, at 

an electrical-to-optical conversion of 40%. 

Furthermore, ytterbium can be incorporated 

in concentrations as high as several percent 

so that practical fi ber laser lengths of a few 

meters can absorb the pump light. An early 

enabling commercial breakthrough was the 

development of new silica-based glass hosts 

that allow for high ytterbium concentrations 

without the photodarkening from which 

many silica hosts suffer. Beside ytterbium, 

erbium and thulium are used for wavelengths 

around 1.6 and 2 µm, respectively, reaching 

powers of about 0.3 and 1 kW

A prime attraction of fi ber waveguid-

ing lasers over their conventional optically 

pumped “bulk” laser cousins is thermal 

management. A host of thermal gremlins 

have plagued bulk lasers over the years, 

from catastrophic fracture to thermal beam 

distortions that degrade the beam quality, 

thus limiting the brightness. By contrast, 

the long fi ber laser is made from refractory 

silica and has a hair-thin active region from 

which it is easy to extract heat. The reduced 

thermal load per unit length lowers the 

thermally induced refractive-index distor-

tions and, furthermore, a guided laser mode 

can maintain an unperturbed, fl at wavefront 

even in the presence of such distortions.

There is, however, a drawback in having a 

long and thin gain medium—nonlinear opti-

cal degradation. There is an optimal ratio of 

the length of the gain medium to the cross-

sectional area that best balances thermal 

and nonlinear degradation ( 8). Waveguiding 

makes it possible to reach this optimal ratio, 

whereas in a bulk laser the inevitable diffrac-

tion can make the ratio orders of magnitudes 

smaller than optimal. The right ratio is, how-

ever, not suffi cient. It is also necessary to have 

a large core to keep the power density below 

the damage threshold and improve the energy 

storage, in case of high-energy pulses. There 

are limits to the core diameter in a fi ber laser 

before the beam quality degrades and the 

guidance becomes too weak, which causes 

problems with bend loss and packaging. This 

occurs in the 50- to 100-µm region, although 

the cores in commerical single-mode devices 

are seldom larger than 30 µm.

Thanks to the trade-off between thermal 

and nonlinear limits, the impressive prog-

ress in core area scaling, and the superb 

properties of ytterbium-doped silica, fi ber 

lasers excel as high-power, high-brightness 

laser sources. Equally important for their 

commercial success is the integration of 

all-fi ber components to make a monolithic 

guided-wave laser that resists environmen-

tal abuse. However, fi ber lasers are in their 

infancy, and this is only the beginning of 

the story. High-power fi bers are often con-

fi gured as amplifi ers rather than as “pure” 

lasers ( 8). Fibers work very well as ampli-

fi ers with an unsurpassed ability to combine 

high gain, high power, and high effi ciency. 

It is therefore possible to use a highly con-

trolled, low-power laser (perhaps a semicon-
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Fiber lasing. Schematic of a double-clad fi ber laser in an end-pumped confi guration (not to scale).
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ductor diode) and boost its power with fi ber 

amplifi ers up to kilowatts.

The exquisite control offered by fi ber at 

high power makes coherent beam combi-

nation an extremely exciting possibility for 

extending the power further, perhaps to the 

megawatt regime. There are a range of differ-

ent methods through which the output beams 

of individual fi ber sources can be combined 

( 8,  9), primarily to reach higher power and 

brightness than is possible from a single-fi ber 

emitter. However, coherent combination in a 

phased-array laser confi guration, rather like a 

radar antenna with active phase control of the 

individual beams, provides control of the spa-

tial beam profi le and a degree of beam steer-

ing and tracking ( 10). Digital holography is 

another version in which electronic means are 

used to control the beam profi le ( 11). These are 

expensive systems, but costs can be reduced 

with simpler phase-control systems, provided 

that the laser phase noise is suffi ciently low. 

Furthermore, although coherent beam combi-

nation has been restricted to continuous-wave 

systems, it is now being extended to the fem-

tosecond pulsed regime ( 12).

Building on these results, the possibility 

of using coherently combined femtosecond 

fi ber sources to drive wakefi eld accelerators 

for particle colliders is being explored ( 13). 

The multi-megawatt average power makes 

the effi ciency levels that fi bers offer a neces-

sity. Although many thousands of fi ber chan-

nels will have to be combined, the volume 

manufacturability, scalability, and reliability 

of active fi ber technology makes this a tre-

mendously exciting proposition for the next 

few decades. 
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          I
n the stable of solid-state materials, sili-

con is the workhorse. Its semiconductor 

properties are actually quite ordinary, but 

when other materials are harnessed to it to 

form interfaces, remarkable devices can be 

made that control the fl ow of electrical cur-

rent with low applied voltages. In contrast, 

some transition metal oxides would be the 

stable’s racehorses. Remarkable functional 

behaviors of this group include the ability 

to change from a metal to an insulator with 

a slight change in temperature, unusual mag-

netic properties, and even high-temperature 

superconductivity ( 1). Further novel prop-

erties are expected to emerge at interfaces 

created between transition metal oxides that 

already exhibit functional behavior, and these 

properties could be tuned through small 

changes in composition or by simply apply-

ing a bias voltage ( 2). However, like temper-

amental racehorses, the interfaces in these 

complex oxides can be more diffi cult to con-

trol than those formed by silicon. On page 

937 of this issue, Boris et al. ( 3) report prog-

ress toward this goal by confi ning an ultrathin 

layer of lanthanum nickelate (LaNiO3), nor-

mally a paramagnetic metal, between insu-

lating lanthanum aluminate (LaAlO3) layers, 

which leads to changes in its properties.

The difference between semiconduc-

tors such as silicon and exotic transition 

metal oxides lies in the nature of the interac-

tions between the constituent electrons. The 

electronic states of semiconductors are well 

described by conventional, single-particle 

band theory, in which individual electrons 

act independently. Contact between energy 

bands at interfaces can bend the bands or cre-

ate energy barriers, which in turn can gen-

erate quasi-electric fi elds (which act on the 

charge carriers differently from true electric 

fi elds) or cause accumulation of charge car-

riers. In the complex oxides, however, there 

are strong correlations between the tightly 
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A B

Thinner is different. Artistic illustration of two different electronic phases in heterostructures of LaNiO3 
(red), which is metallic as a bulk material, confi ned by LaAlO3 (gray), which is a bulk insulator. (A) A confi ned 
LaNiO3 layer that is four unit cells in thickness still shows metallic behavior. (B) When the thickness is reduced 
to two unit cells, a temperature-driven metal-insulator transition emerges.
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