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Itis the current widespread use of single-mode
optical fiber for telecommunications and the ready
availability of high-power semiconductor pump la-
sers which have recently stimulated interest in
single~mode fiber lasers and amplifiers. Until
recently, lasing in glass fibers has been carried out
in multimode devices.23 Using a new manufactur-
Ing process* we have shown that single-mode fi-
bers with rare-earth dopant concentrations up 1o
900 ppm can be made without compromising the
low losses (> 1 dB/km) which are characteristic of
telecommunications fibers. It is thus now possi-
bie to construct a wide range of active fiber de-
vices and sensors which exploit the numerous fi-
ber components avatlable, such as four-port cou-
plers, ring-resonators, polarisers and filters.

Single-mode fiber lasers possess a number of
advantages over their bulk counterparts. As a
consequence of the high pump intensity within the
small (>B um) core, very low threshold (100 uW)

and large gains can be achieved. Moreover, the
small fiber diameter minimizes the thermal effects
which piague butk-glass lasers, and high tevels of
pump power can be absorbed. Silica, the laser
medium, has good power-handling properties and,
in addition, broadens the rare-earth transitions,
thus enabling tunable lasers® and broadband ampli-
fiers to be constructed.

As a result of the above attributes, laser action
in fibers can be observed using a number of less
commonplace rare-earth dopants and transitions,
even when the transitions involved are weak.
Moreover, continuous laser operation is possible in
three-level laser systems which have previously
only operated in a pulsed mode.

We have fabricated fibers containing most of the
rare-earths and some of the transition metals. Re-
markably, all exhibit windows in which losses are
low despite the presence of high-loss absorption
bands. This permits the construction of long am-
plitiers and lasers; 300 m has been demonstrated,
as well as nonlinear devices and distributed sen-
sors, although long lengths are not necessary to
obtain lasing action.

A typical fiber-laser configuration is shown in
Fig. 1. For Nd** doped fibers, a lasing threshold
as low as 100 uW can be obtained using a semi~
conductor laser end-pump.’ In an optimized cavi-
ty an output exceeding 1 mW at a wavelength of
1088 nm has been observed® with a slope efficien-
cy of 30%. Tuning of the output wavelength can
be accomplished by substituting a grating for one
of the mirrors and, with an Ar-ion laser pump (51
mW of pump absorbed), a 80-nm tuning range is
possible. We believe this is the most extensive
tuning range yet obtained in a Nd:glass laser and
compares favorably with that of a dye laser. In
addition, 17 dB of gain has been measured in a
short length of Nd**-doped fiber, indicating the
potential for high-gain optical fiber amplitiers.
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Erbium-doped fiber lasers operate between
1530 and 1555 nm, which coincides with the im-
portant minimum-loss window for optical commu-
nications. The fluorescence spectrum is shown in
Fig. 2 and corresponds 10 the *ly3,2-*1s/2 (ground-
state) transition. Despite being a 3-level laser
system, the Er’*-doped fiber laser operates con-
tinvously® and has a threshold of only 4 mW. To
our knowledge this represents the lowest threshold
and only room temperature cw three-level glass
laser yet reported. The laser tuning curve when
pumped at 514.5 nm (30 mW absorbed) is also
shown in Fig. 2.

Q-switching of fiber lasers®’ using an acous-
tooptic modulator or rotating chopper |s also possi-
ble and peak powers of several watts have been
observed in pulses ranging from 50 ns and 1 us.

Figuwe 3 compares the fluorescence spectrum
of a Pr¥*-doped fiber with the laser turning curve.
Pumping was by a cw Rh6G dyse laser operating at
590 nm and the output could be tuned from 1060 to
1107 nm. Threshold for this dopant was 10
mW and an output of several mW could be ob-
tained.

Fiber lasers represent a new class of active
fiber devices which are fully compatibie with exist-
ing fiber components. Their low threshold, tun-
ability and high peak-power pulsed output provides
a unique new all-fiber laser technology which will
find application in telecommunication and fiber
sensors. Immediate potential uses are as a high-
power source for fiber OTDR measurements and
as a broadband emitter for the optical-fiber gyro-
scope. Progress toward these and other potential
applications will be reviewed.
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FN1 Fig. 1. Experimental configuration of a

Temiconductor laser pumped single-mode fiber
aser.
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FN1 Fig. 2. Laser tuning range and fluores-

cence spectrum of Er**-doped single-mode fiber
laser,
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FNT1 Fig. 3. Laser tuning range and fluores-

cence spectrum of Pr3*-doped single-mode fiber
laser.



