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Abstract Double-cladding Yb**-doped fiber with oc-
tagonal core is designed and fabricated using solution
doping techniques. According to the simulated results, the
octagonal-core fiber with core/cladding diameter of
30/250 um has decreased the number of mode supported
from 6 to 4, and the fiber with core/cladding diameter of
10/130 pm exhibits single-mode performance. Addition-
ally, to confirm that the octagonal core does not influence
the laser power and efficiency, CW and AO Q-switched
pulsed fiber lasers using the 10/130 pum fiber are presented.
The CW fiber laser has a single-mode output of 7.25 W
with a slope efficiency of 80 %. For a pulsed fiber laser, an
average power of 1.5 W, pulse width of 245 ns, is ampli-
fied to 18 W.

1 Introduction

In recent years, fiber lasers have attracted researchers’ at-
tention due to its compact size and the advantage of ther-
mal management. When the large mode area double-
cladding fiber (DCF) was applied, the development of
high-power Yb’*-doped fiber laser (YDFL) has been ac-
celerated, more and more powerful output and linear slope
efficiency of YDFL have been obtained [1-3]. On the way
of pursuing high-power fiber lasers, the beam quality is
always a crucial limitation of the laser performance. Many
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fiber designs were attempted to obtain better beam quality,
such as leakage channel fiber (LCF), tapered fiber and
chirally-coupled-core fiber (3C fiber) [4-8]. However,
much of these methods damage the laser power and effi-
ciency, also the fabrication approach of those fiber designs
is fairly complicated. Altering the shape of the fiber core
can be a solution. While the study of the shaped-core fiber
is just at the beginning. To date, some researchers have
studied theoretically and experimentally on the elliptical-
core and rectangular-core fibers [9, 10]. Recently, there are
many analyses about hollow-core fiber both in theory and
application [11]. However, seldom of these results report
the laser performance of these corresponding fibers.

In this letter, we demonstrate, for the first time, an oc-
tagonal-shaped Yb**-doped-core fiber. In order to confirm
that the octagonal-core does not affect the laser power and
efficiency, both continuous-wave (CW) and acousto-optic
(AO) Q-switched fiber lasers will be studied to evaluate the
performance of the fiber.

2 Theoretical simulation

The electric field distributions of an octagonal-shaped-core
fiber, with the fiber dimensions of 10/130 pm, NA of
0.096, are studied using COMSOL. As indicated in Fig. 1a,
only the fundamental modes are supported by the oc-
tagonal-shaped-core fiber, which indicates that a single-
mode beam can be obtained when the fiber is utilized in
fiber laser. For the circular-core fiber with the same size
and NA, we can get the normalized frequency parameter V
which is 2.7634 by

2na

] (1)

V=NA-

@ Springer



792

Y. Wang et al.

(b)

T N P

= @ o -

5 0 5 " 5 1 5 n

Fig. 1 Electrical field distribution of the octagonal-core fiber
designed and the normal circular-core fiber a fundamental mode of
the octagonal-core fiber simulated by COMSOL b LP;; mode of the
circular-core fiber figured out by MATLAB

where a is the radius of the fiber core and 4 is the wave-
length of 1080 nm. This result indicates that the circular-
core fiber supports higher-order mode LP11, which is fig-
ured out by MATLAB as in Fig. 1b.

For the dimension of 30/250 um, NA of 0.06,the cir-
cular-core fiber exhibits many modes including LPy, LPy,
LP,,, LPy,, LP3; and LP,3; however, the octagonal-core
fiber only allows LPy;, LPy;, LP;, and LP4; modes. This
type of octagonal-shaped-core fiber we designed could
reduce the number of the modes of the output beam and
potentially could keep single-mode operation.

3 Experiments results and discussion

The fiber preform was fabricated using traditional MCVD
and solution doping techniques. We specially treated the
substrate tube by polishing the outside surface into octagon
shape to get the octagonal-shaped core. The refractive in-
dex of the preform was analyzed using Photon Kinetics
P104 (see Fig. 2). The inset of Fig. 2 shows the 10-/130-
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Fig. 2 Cross section of refraction index of the core of the preform,

the NA is 0.096. The inset shows the sectional view of the octagonal
core. I core of the fiber, /I buffer layers, /Il cladding layers
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pm double-cladding fiber with a NA of 0.096; the core
region of the fiber is shown brighter and star shaped and the
deposited buffer layers shown darker. Other shaped fibers,
such as elliptical-core fiber and rectangular-core fiber, can
be fabricated based on the fabrication technique we used.

We set up a CW fiber laser pumped at 976 nm. The
resonant cavity is formed by a fiber Bragg grating (FBG,
R > 99 % at 1080 nm) and the perpendicularly cleaved
end face of the Yb*'-doped fiber. For eliminating the
residual pump in the cladding, a section of the fiber, before
the output end face, was stripped off and buried in the
pump stripper. The performance of the CW fiber laser is
presented as a function of the pump power in Fig. 3. The
y-axis shows the laser output power and the x-axis is the
pump power. A 7.25-W single-mode laser beam was ob-
tained with a slope efficiency of 80 % based on a 20-m-
long active fiber. The corresponding optical-to-optical ef-
ficiency with respect to the absorbed pump power was
76.9 %.

We applied the octagonal-core fiber into an AO
Q-switched pulsed laser. The pump of 976-nm diode laser
was launched into the active fiber through a (1 + 1) x 1
combiner and a high-reflectivity (>99 % at 1064 nm) FBG.
A low-reflectivity FBG was used as the output coupler
which extracts 10 % of the light per pass. The active fiber
utilized in the cavity is 8 m. A fiber-coupled AO modulator
driven by an arbitrary waveform generator was inserted
between the active fiber and the low-refractive-index FBG
to provide active Q-switching. The repetition rate of the
pulsed fiber laser can be tuned by changing the electrical
pulse repetition of the arbitrary waveform generator. The
pulse generated from the laser is illustrated in Fig. 4. The
AO all-fiber Q-switched fiber laser produced 245-ns pulses
at a 20-kHz repetition rate and 330 ns at 60.0-kHz repeti-
tion rate with an average output power of 1.5 W.

8 T T T T T
7 "
'd
e
6 - i
—
w
\% 5 - ‘I/ -
—
5, ] 80% " i
=z "
o) w
S 3+ L g .
5 -
2 2 e g
—_ "
14 e 4
4 /./
w
0 - —
T T T T T T T T T T
0 2 4 6 8 10
Pump power (W)

Fig. 3 CW fiber laser linear output performance with a slope
efficiency of 80 %; the y-axis is the laser output power and the
x-axis is the pump power
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Fig. 4 Laser pulse shape of the AO all-fiber Q-switched fiber laser at
a repetition rate of a 20 kHz and b 60 kHz. The insets show the laser
train of the Q-switched fiber laser

To scale the average power, an amplifier stage was added
after the low-refractive-index FBG, forming a MOPA
structure. A length of 6 m 30/250 pm Yb® * -doped dou-
ble-cladding fiber was used as the active fiber. Two 15-W,
915-nm LDs were utilized to pump the amplifier stage.
The output end face was angle cleaved at 8 degree to
eliminate the facet reflection. After the amplification, the
output power reached up to 18 W, with a slope efficiency
of 74 %, as shown in the inset of Fig. 5, and the line
width was 2.61 nm. Along with the scaling of the pump,
the duration of the pulse broadened. We recorded the
pulse shape at the power of 5 and 10 W, respectively, as
shown in Fig. 6. In the operation of 20-kHz repetition
rate, the pulse width stretched to 306 ns and 415 ns at
5 W and 10 W, respectively. While in the operation of
60 kHz, the pulse width stretched to 372 ns and 512 ns at
5 and 10 W, respectively.

In comparison with the performance of the traditional
circular-core fiber in CW and AO Q-switched pulsed
lasers, the octagonal-shaped-core fiber does not affect the
laser power or efficiency. This result together with the easy
fabrication approach suggests that the proposed fiber is a
pretty good solution to get better beam quality.

Pump power (W)

Fig. 5 Performance of the amplification stage. The y-axis is the laser
output power and the x-axis is the pump power. The slope efficiency
is 74 %
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Fig. 6 Pulse shape of the pulses at the power of a 5 W 306 ns and
b 10 W 415 ns in the operation of 20-kHz repetition rate, ¢ 5 W
372 ns and d 10 W 512 ns in the operation of 60-kHz repetition rate

4 Conclusions

In conclusion, an octagonal Yb>"-doped-core fiber is de-
signed and fabricated for the first time. According to the
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calculated electric field distribution, the octagonal core
supports less modes comparing with the traditional circu-
lar-shaped core, indicating that this fiber can be applied
into lasers to enhance the beam quality. We have investi-
gated the disadvantage of the octagonal-shaped-core fiber
by analyzing the laser efficiency during application of this
fiber in the CW and AO Q-switched fiber laser. The CW
operation achieved 80 % efficiency for a laser output of
9.43 W. For the AO Q-switched operation, 1.5-W pulses
are generated at the repetition of 20 and 60 kHz. To boost
the energy of the pulses, a MOPA structure pulse laser is
constructed with an output power of 18 W. From the ex-
perimental data, the octagonal-core fiber has negligible
damage to the laser power and efficiency. Additionally, the
simple processing of the substrate tube makes it easy to
implement the octagonal core. Therefore, it is a pretty good
solution to obtain an enhanced beam quality. Further work
will be aimed at confirming the advantages of the larger
mode area octagonal-core fiber at a higher-power
operation.
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