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Cladding-pumped fiber technology has revo-
lutionized fiber lasers over the last few years,
The record average output power is now over
100 W in a nearly diffraction-limited bean.!
Pulse energies above 2 m] have been reported
from Q-switched [iber lasers.2 We will discuss
design issues for fiber lasers with performance
excecding that of traditional double-clad (ibers
end-pumped by laser diodes. The focus will be
on high-energy pulsed lasers and high-power
ew lasers.

High-brightuess, high-power pump diodes
are cssential for high-power fiber lasers. Cur-
rently available diode sources are sufficiently
bright and powerful for fiber lasers with 100 W
of output power even with traditional end-
pumping.' However, for currently rescarched
kW (multi-mode) fiber lasers, alternative,
multi-point, pumping schemes will be re-
quired. We have recently demonstrated single-
clad fiber coils for cladding- pumped lasers.” [n
this structure, the pump waveguide of the ac-
tive fiber is directly accessible from the side, so
that punp light travcling in separate pump
fibers can divectly couple over into the active
tiber. We measured a slope efficiency of 65% in
this configuration, which is 10% less than for
the same fiber in a traditional end-pumped
double-clad geometry. Lifficiency is clearly im-
portant for very high power lasers, and the
cnd-pumped double-clad geomelry is likely to
remain more cfficient than alternative con-
fignrations, However, for very high powers,
the capacity for pump multiplexing and power
handling arc the overviding issucs. Single-clad
coiled fiber lasers are ideally suited to large-
scale pump multiplexing, and being all glass
structures they can also handle very high pump
powers. These factors in combination with the
relatively small drop in efficicucy make them
promising candidates for kW fiber lasers.

‘I'he power from high-brightness fiber-
coupled laser diodes is around an order of
magnitude more expensive than the raw power
from a diode bar. Diade cost dominates the
overall cost for very high-power fiber lasers.
The prospect of pumping fibers dirvectly with
diode bars is therefore very attractive, but the
oulpul {rom a diode bar caunot be directly
launched into a liber. Tt was recently proposed
to make fiber lasers from a fiber formed into a
solid object (e.g., a coil or disk}). The low

propagation loss and waveguiding propertics

of an optical fiber arc then retained, with the

added advantage that the (iber structure can be
arranged and machined for direct pumping
with diode bars.t

Lor high-cnergy Q-switched fiber lasers, the
chatlenge lies in finding core designs that can
store a large amount of energy before self-
saturation and spurious lasing limits further
storage. 'I'he solution is to use a large core. Uhis
also reduces nonlincar distortions and in-
creases the damage threshold. The downside is
that the beam-quality degrades as the core be-
comes multi-noded. tlowever, it is possible to
nintain a good beam-quality cven with a
large core. One option is to use a small numeri-
cal aperture so that even a large core will be
single- or few-moded. The active ytterbium
ions can be restricted to the center of the core
to further select the fundamental mode. This
kind of{iber genevated pulses with more than 2
mJ of energy in a beam with an M*-value of 3.2
Mode-selecting ytterbium-doping can be used
also i a large multi-mode core with a higher
NA. Another option we have tried is to use a
tapered-fiber mode lilter that only supports
the fundamental mode.” With that approach,
we have generated pulse energies over L mf ina
beanm with an M?-value of L8, The diiferent
approaches to high pulse energics can be com-
bined, and we view that 10 m] of pulse cnergy
may he realistically achieved with a high-
brightness fiber laser.

Besides power and energy, advanced de-
signs extend the scope of cadding-pumped
fiber lasers in many other ways, e.g., towards
new wavelengths, single-polarization opera-
tion, narrow linewidths, and tunability. Future
design innovations arc sct Lo progress
cladding-pumped fiber lager technology even
further.
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tligh power sources operating in the 2 pm
region have applications in medicine and
LIDAR, and also provide an ideal starting
wavelength for nonlinear [requency conver-
sion to the mid-infrared (3-5 pan) spectral
region. For many of these applications the
need for high power and high efticiency are
also accompanied by the requirement for
good beam quality. This combination of op-
crating chavacteristics is ofien dillicult to
achieve in bull’ solid-state lasers due to
strong thermal effects which degrade beam
quality and reduce efficiency. Cladding:
pumped fibre lasers offer an alternative
roufe to powcer-scaling' with the attraction
that heat generated due to the laser pumping
cycle can be dissipated over a long length of
fibre, mintmising the risk of thermally in-
duced damage. [n addition, the output beam
quality is determined by the waveguiding
properties of the doped core, which can cas-
ily be tailored to produce a single-mode out-
put. In this paper we report a Tm-doped
silica [ibre laser with a single-mnode power of
12.2 W for 38.3 W of faunched diode pump
power. To the best of our knowledge, this is
the highest power in the 2 pm spectral re-
gion so far reported for a fibre laser.

"The experimental sct-up is shown in Vig.
L. The double-clad tibre was fabricated in-
house with a 20 pm diameter Tm-doped
alumino-silica core (0.12 NA), which was
slightly offset from the centre of the silica
inner cladding to improve the pump absorp-
tion.? ‘The inner cladding had an outer di-
mension of approximately 200 pm, with a
low refractive index (n = 1.375) polymer
outer cladding resulting in a calculated -
merical aperture 0f 0.49, A small inner clad-
ding size was chosen o minimise the
cladding-to-core arca ratio whilst casuring a
good launch efficiency for the diode pump.
The fibre was pumped by two diode bars
operating at ~787 nm, where the cffective
absorption cocflicient was measured to be
~4,6 dB/m. The output from cach bar was
re-formatled using a two-mirror beam
shaper? to equalise the M? values in orthogo-
nal planes and so allow tight focussing into
the inner cladding, The maximum combined
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