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Abstract. We report the work on erbium:ytterbium-doped double clad fibre laser (EYDFL), that is
pumped at 976 nm. The maximum output power generated is 13.6 W in 1550 nm region with a slope
efficiency of about 21%. To the best of our knowledge, this is the highest power reported from an
EYDFL, that uses commercially available off-the-shelf large mode area Er:Yb-doped double-clad
fibre.
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1. Introduction
Erbium-doped fibre lasers emitting 1550 nm radiation have applications in dermatology
[1], lidar and optical communications [2]. Fibre lasers typically use cladding pumping for
efficient coupling of pump light from fibre pig-tailed laser diodes to the core of the doped
fibre. The erbium-doped fibre’s absorption in 976 nm is not sufficient to achieve large
amount of output power for cladding pumping configuration. Ytterbium has an absorption
cross-section of ∼1.8 pm2 , which is an order of magnitude more than that of Er at 976 nm.
This, coupled with the resonant energy transfer between Yb’s 2 F5/2 level to Er’s 4 I11/2
level, makes Yb a co-dopant of choice in Er-doped fibres to increase the output power in
1550 nm region. There have been recent reports of observing about 88 W with in-band
pumping in erbium-doped fibres without any co-doping of sensitizers such as ytterbium
[3]. However, till date, Er–Yb-doped fibre (EYDF) seems to be the only efficient way
for achieving multi-hundred Watts (up to ∼300 W) of power in the 1550 nm region [4].
The presence of Yb in such a fibre laser causes emission of considerable power in 1 μm
region, which may compromise the otherwise ‘eye-safe’ nature of this radiation source.
However, the radiation in 1 μm region can be removed from the output of the laser by
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employing suitable means such as dichroic separators combined with beam dumps, as is
done in the current work. We have earlier reported work on EYDFL that used a small core
diameter EYDF which limited the output power to about 5 W [5]. Due to the limitation
of small core diameter fibre in the scaling-up of the output power, we employed EYDF
with large mode area (LMA) in our current work. Most of the literature on EYDFLs
reports work on proprietary EYDFs, which are produced in lab scale and are not available
commercially off-the-shelf. To the best of our knowledge, the reported maximum power
in EYDFL systems by using commercially available off-the-shelf EYDFs is 10 W [6],
which makes our current work reporting 13.6 W the highest power reported till date.
2. Experimental set-up
Figure 1 shows the schematic of the EYDFL. We have used a large core diameter EYDF in
double side pumping configuration. The pump section on one end of the fibre contains an
aspheric lens pair and two dichroic mirrors at non-normal incidence. One of the dichroic
mirrors (M1 ) with high reflectivity in 1550 nm region and high transmission in 975 nm
region is kept between the coupling lens pair, and is used as an output coupler. Another
dichroic mirror (M3 /M4 ) with high transmission for pump wavelength and high reflectivity in 1 μm region is used not only to prevent 1 μm radiation from entering pump diode,
which could cause irreversible damage to the laser diode, but also to direct the unwanted
1 μm radiation onto beam dumps. The pump section at the other end of the active fibre
is similar except that the output coupler is replaced with a feedback mirror that has high
reflectivity for 1550 nm region and high transmission for pump radiation (M2 ). Pump
light from fibre pig-tailed laser diodes is coupled into the inner cladding of the EYDF
with ∼85% coupling efficiency. The coupling efficiency is measured by coupling pump
beam into a matched passive fibre. We have kept initial lengths of the active fibre at both
ends in long water-cooled V-grooves to remove heat generated by the absorption of large
amounts of pump power in these regions. The remaining part of the fibre is provided with
forced air cooling.
The fibre-pig tailed laser diodes (LD1 and LD2) have a maximum rated power of
∼30 W, which can be increased up to ∼40 W for short durations at the expense of slight
reduction in life-time. The active fibre, made by M/s Nufern, has a double clad structure with core/cladding/coating diameters of 25/300/450 μm respectively. The 300 μm
cladding (called inner cladding) has a refractive index which is slightly lower than that of
the core whereas the fluoroacrylic coating has still lower refractive index (∼1.37). Hence,

Figure 1. Schematic of the EYDF laser system.
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the pump beam coupled into the inner cladding is gradually coupled to the absorptive
inner core along the length. The effective absorption of inner cladding at 976 nm is about
2.5 dB/m. The numerical aperture of the inner cladding and fibre core are 0.46 and 0.1,
respectively. The combination of the core diameter and the core numerical aperture makes
this fibre slightly multimode that supports ∼12 higher order modes near 1550 nm.

3. Results and discussion
One end of the fibre (M2 side) is angle cleaved to suppress feedback from that fibre end
and hence to reduce the output at 1 μm region. By angle cleaving one end of the fibre, the
output power at 1 μm region has been reduced by 50%, compared to the case where both
ends of the fibre are normal cleaved. This enhanced power at 1550 nm region, though is
not exactly in proportion to the observed reduction in power at 1 μm region. The emission
wavelength of the laser diodes is also tuned by tuning the laser diode temperature using
TEC controllers to optimize absorption in the EYDF. By operating the laser diodes at their
maximum power (combined output power of both diodes is about 80 W, which is beyond
the rated power of diodes), we are able to generate about 13.6 W of power in 1550 nm
region. Figure 2 shows plot of output power vs. absorbed pump power (after accounting
for the coupling loss and leakage power). The maximum slope efficiency in terms of the
absorbed power is about 21%. The output power of EYDFL is limited by the available
pump power, as there is no roll-off in the output power, as shown in figure 2. Thermal
management of the pump diodes limited the operation of the laser at this power level
to few minutes, beyond which the temperature of the pump laser diodes cross the upper
limit of safe operating temperature. The laser power was checked for its temporal stability
over a period of 30 min while operating at output power levels of ∼10 W. The temporal
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Figure 2. Variation of output power vs. input power of EYDFL.
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Figure 3. Temporal stability of EYDFL at 10 W of output power.

stability graph is shown in figure 3. The laser output power showed good stability with a
mean output power of 9.9 W and a peak-to-peak variation of ∼4%.
4. Conclusion
We have demonstrated 13.6 W of output power in 1550 nm region from an EYDFL, which
to the best of our knowledge, is the highest power reported so far by using commercially
available off-the-shelf Er:Yb-doped large mode area fibres. The unwanted 1 μm radiation
is separated from 1.5 μm radiation by appropriate dichroic mirrors. The laser has shown
good temporal stability with ∼4% peak-to-peak variation of output power while operating
at 10 W of output power levels.
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